1. Submitted to the journal “Bulletin of Electrical Engineering and Informatics (BEEI)” via
the online submission system: (13 February 2024)

- Screenshot BEEI online submission website (13 February 2024)

- Full manuscript draft 8309-19788-1-SM.DOCX (2024-02-13)

2. Email received from BEEI Editor Decision: Major Revisions Required

- Email from BEEI containing Editor-in-Chief comments and reviewers' comments (24
February 2024)

3. Submitted the revised manuscript and detailed response via the online submission
system
- The detailed response to editors’ and reviewers’ comments (18 March 2024)

- Therevised manuscript according to the editor and reviewer’s comments with
yellow highlights — Round 1 (18 March 2024)

4. Emailreceived from BEEI Editor: Revision required
- Email from BEEI containing reviewer’s comments (16 May 2024)

5. Submitted the revised manuscript and detailed correction statement via the online
submission system

- Detailed correction statement (4 June 2024)
- Revised manuscript according to the editor and reviewer’s comments with yellow
highlights — Round 2 (4 June 2024)

6. Email received from BEEI: Submission accepted

- Email from BEEI: submission accepted but with small revisions required (7 August
2024)

7. Email sent to BEEI with attachment of the final revised paper, plagiarism check using
iThenticate, and proof of payment for the paper publication

- Email sentto BEEI (30 August 2024)

- Revisionfinal paper

- Plagiarism check using iThenticate as requested by the journal
8. Email correspondence for Layout and Setting

- Email received from BEEI (22 October 2024)

- Paper for layout and setting
9. Email sentto BEEI as a response to the paper layout and setting

- Email sent to BEEI (24 October 2024)

- Final paper after layout and setting
10. Email correspondence regarding final paper proofreading

- Email from BEEI (6 November 2024)

- Final proofread paper

- Email sent to BEEI for confirmation (7 November 2024)

- Email from BEEI: Thank you for confirmation (7 November 2024)
11. Certificate of Acknowledgement as Author

- Email from BEEI (4 December 2024)

- Certificate of Author



1. Submitted to the journal “Bulletin of Electrical Engineering and Informatics (BEEI)” via
the online submission system: (13 February 2024)

- Screenshot BEEI online submission website (13 February 2024)

- Fullmanuscript draft 8309-19788-1-SM.DOCX (2024-02-13)



= ldES

HOME

ABOU ER HOME

Bulletin of Electrical Engineering and Informatics

SEARCH URRENT ARCHIVES  ANNOUNCEMENTS

Home > User > Author > Submissions > #8309 > Summary

You are logged in as...

yusaktan
* My Profile
#8309 Summary  Log Out
SUMMARY REVIEW EDITING
H H « Dimensions
Submission  Google Scholar
. « Scholar Metri
Authors Yusak Tanoto, Christopher Marvel, Hanny H Tumbelaka . Siin"aﬁge etries
Title KawanSurya: an Android-based mobile app for assessing the techno-economic potential of + Scopus
rooftop photovoltaic
Original file 8309-19788-1-SM.DOCX 2024-02-13
Supp. files None
Submitter Dr. Yusak Tanoto =1 « Editorial Boards
. ) + Reviewers
Date submitted February 13, 2024 - 11:12 AM + Abstracting and
Section Energy and Power Engineering Indexing
. + Guide of Authors
Editor Denis B. Solovev =1 (Review) + Online Papers
Submission

Mochammad Facta =1 (Review)

Peer Review Process

Publication Fee
Register as Reviewer
Publication Ethics
Visitor Statistics

DOI Deposit Report
Contact Us

Xiaojun Li =1 (Review)
B. Justus Rabi = (Review)
Lutfu Saribulut =1 (Review)

Author comments
Dear Prof. Dr. Ir. Tole Sutikno, ASEAN Eng.

Editor-in-Chief Bulletin of Electrical Engineering and Informatics (BEEI)

Submissions
« Active (0)
« Archive (1)
* New Submission

Please consider attached a revised manuscript entitled "KawanSurya: An Android-based mobile
app for assessing the techno-economic potential of rooftop PV" authored by Yusak Tanoto,
Christopher Marvel and Hanny H. Tumbelaka for publication in BEEI.

| believe this article will attract readership from both popular and scientific audiences interested in
the role of solar rooftop PV techno-economic tools in emerging economies. The language of this
manuscript has been thoroughly checked by an English expert, and | hereby confirm that this
manuscript has not been published elsewhere and is not under consideration by another journal.

Finally, | would like to thank the editor and reviewers for their thoughtful criticisms and helpful
suggestions on how to improve the paper. | do hope that it is now suitable for publication in BEEI.
Thank you very much and | am looking forward to hearing from you soon.

How to submit a pap...
Sincerely yours,
Yusak Tanoto

Electrical Engineering Department

Petra Christian University, Surabaya, 60236, Indonesia

Abstract Views 288

Search

Search Scope
All v

Status

Status Published Vol 14, No 1: February 2025
Initiated 2024-11-18
Last modified 2024-11-20
Browse
« By Issue
. . * By Author

Submission Metadata + ByTie
Authors
Name Yusak Tanoto £1 + For Readers

« For Authors
ORCID iD http://orcid.org/0000-0002-8097-2648 « For Librarians
Affiliation Petra Christian University
Country Indonesia

Bio Statement —
Principal contact for editorial correspondence.

Name Christopher Marvel =1

ORCID iD http://orcid.org/0009-0000-1083-8972
Affiliation Petra Christian University

Country Indonesia

Bio Statement —

Name Hanny H Tumbelaka =1

ORCID iD http://orcid.org/0000-0003-0933-5889
Affiliation Petra Christian University

Country Indonesia

Bio Statement —

Title and Abstract


https://beei.org/index.php/EEI/user/profile
https://beei.org/index.php/EEI/login/signOut
https://app.dimensions.ai/discover/publication?or_facet_source_title=jour.1144063
https://scholar.google.com/citations?user=jx0OEdcAAAAJ&hl=en
https://scholar.google.com/citations?hl=en&view_op=list_hcore&venue=rxMMa_CDJVwJ.2019
https://scinapse.io/journals/2765016208
https://www.scopus.com/sourceid/21100826382
https://beei.org/index.php/EEI/about/editorialTeam
https://beei.org/index.php/EEI/about/displayMembership/36
https://beei.org/index.php/EEI/about/editorialPolicies#custom-0
https://beei.org/index.php/EEI/about/editorialPolicies#custom-0
https://iaescore.com/gfa/beei.docx
https://beei.org/index.php/EEI/pages/view/submit
https://beei.org/index.php/EEI/pages/view/submit
https://beei.org/index.php/EEI/about/editorialPolicies#peerReviewProcess
https://beei.org/index.php/EEI/about/submissions#authorFees
https://reviewer.iaes.or.id/beei/
https://beei.org/index.php/EEI/about/editorialPolicies#custom-1
http://statcounter.com/p10241695/?guest=1
http://data.crossref.org/depositorreport?pubid=J234586
https://beei.org/index.php/EEI/about/contact
https://beei.org/index.php/EEI/author/index/active
https://beei.org/index.php/EEI/author/index/completed
https://beei.org/index.php/EEI/author/submit
https://www.youtube.com/watch?v=hQD9-HeNy1k
https://beei.org/index.php/EEI/issue/archive
https://beei.org/index.php/EEI/search/authors
https://beei.org/index.php/EEI/search/titles
https://beei.org/index.php/EEI/information/readers
https://beei.org/index.php/EEI/information/authors
https://beei.org/index.php/EEI/information/librarians
https://beei.org/index.php/EEI/index
https://beei.org/index.php/EEI/about
https://beei.org/index.php/EEI/user
https://beei.org/index.php/EEI/search
https://beei.org/index.php/EEI/issue/current
https://beei.org/index.php/EEI/issue/archive
https://beei.org/index.php/EEI/announcement
https://beei.org/index.php/EEI/index
https://beei.org/index.php/EEI/user
https://beei.org/index.php/EEI/author
https://beei.org/index.php/EEI/author
https://beei.org/index.php/EEI/author/submission/8309
https://beei.org/index.php/EEI/author/submission/8309
https://beei.org/index.php/EEI/author/submission/8309
https://beei.org/index.php/EEI/author/submissionReview/8309
https://beei.org/index.php/EEI/author/submissionEditing/8309
https://beei.org/index.php/EEI/author/downloadFile/8309/19788/1
https://beei.org/index.php/EEI/user/email?to%5B%5D=Dr.%20Yusak%20Tanoto%20%3Ctanyusak%40petra.ac.id%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=Dr.%20Yusak%20Tanoto%20%3Ctanyusak%40petra.ac.id%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=Denis%20B.%20Solovev%20%3Csolovev.db%40dvfu.ru%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=Denis%20B.%20Solovev%20%3Csolovev.db%40dvfu.ru%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=Mochammad%20Facta%20%3Cmochfacta%40yahoo.com%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=Mochammad%20Facta%20%3Cmochfacta%40yahoo.com%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=Xiaojun%20Li%20%3Ctonylee2016%40gmail.com%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=Xiaojun%20Li%20%3Ctonylee2016%40gmail.com%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=B.%20Justus%20Rabi%20%3Cbennisrobi%40rediffmail.com%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=B.%20Justus%20Rabi%20%3Cbennisrobi%40rediffmail.com%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=Lutfu%20Saribulut%20%3Clutfusaribulut%40hotmail.com%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?to%5B%5D=Lutfu%20Saribulut%20%3Clutfusaribulut%40hotmail.com%3E&redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&to%5B%5D=Yusak%20Tanoto%20%3Ctanyusak%40petra.ac.id%3E&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&to%5B%5D=Yusak%20Tanoto%20%3Ctanyusak%40petra.ac.id%3E&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
http://orcid.org/0000-0002-8097-2648
https://beei.org/index.php/EEI/user/email?redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&to%5B%5D=Christopher%20Marvel%20%3Cchristopher.marvel19%40gmail.com%3E&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&to%5B%5D=Christopher%20Marvel%20%3Cchristopher.marvel19%40gmail.com%3E&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
http://orcid.org/0009-0000-1083-8972
https://beei.org/index.php/EEI/user/email?redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&to%5B%5D=Hanny%20H%20Tumbelaka%20%3Ctumbeh%40petra.ac.id%3E&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
https://beei.org/index.php/EEI/user/email?redirectUrl=https%3A%2F%2Fbeei.org%2Findex.php%2FEEI%2Fauthor%2Fsubmission%2F8309&to%5B%5D=Hanny%20H%20Tumbelaka%20%3Ctumbeh%40petra.ac.id%3E&subject=KawanSurya%3A%20an%20Android-based%20mobile%20app%20for%20assessing%20the%20techno-economic%20potential%20of%20rooftop%20photovoltaic&articleId=8309
http://orcid.org/0000-0003-0933-5889

Title

Abstract

Indexing

Academic discipline
and sub-disciplines

Keywords
Language

KawanSurya: an Android-based mobile app for assessing the techno-economic potential of
rooftop photovoltaic

Many developing countries, including Indonesia, are progressing poorly in residential rooftop
photovoltaic (PV) adoption, including on-grid systems. On the customer side, the decision to
implement on-grid rooftop PV or rely only on power from the utility grid has often been made
without appropriate knowledge of techno-economic considerations. This includes the impression
of high system costs. This paper introduces KawanSurya: PV calculator, a solar rooftop PV
techno-economic application for Android mobile phones, designed to help residential customers
assess the potential of installing on-grid rooftop PV systems. The tool allows users to select a
specific geographic location, calculate daily load profiles, and determine available roof areas. It
uses irradiance data from the PVGIS APl and HOMER’s solar PV output equation to determine
hourly PV output power. Simulation results for a typical 2,200 VA household show a payback
period of 9.44 years or beyond, significantly influenced by electrical load profiles and bill reduction
factors. A 65% bill reduction factor and similar load profile prolong the payback period, while a 0%
billing reduction factor or uncompensated electricity sales may exceed the project’s lifetime.

Renewable Energy; Solar PV; Electrical Engineering

Android application; On-grid; Rooftop photovoltaic; Solar photovoltaic; Techno-economic
en

Supporting Agencies

Agencies

Bulletin of EEI Stats

Bulletin of Electrical Engineering and Informatics (BEEI)

ISSN: 2089-3191, e-ISSN: 2302-9285

This journal is published by the Institute of Advanced Engineering and Science (IAES) in collaboration with Intelektual
Pustaka Media Utama (IPMU).


https://www.statcounter.com/
https://www.statcounter.com/
http://statcounter.com/p10241695/?guest=1
https://iaes.or.id/
https://ipmuonline.com/
https://ipmuonline.com/

Bulletin of Electrical Engineering and Informatics

Vol. 99, No. 1, Month 2099, pp. 1~1x

ISSN: 2302-9285, DOI: 10.11591/eei.v99il.paperID a

1

KawanSurya: An Android-based mobile app for assessing the
techno-economic potential of rooftop PV

Yusak Tanoto?, Christopher Marvel!, Hanny H. Tumbelaka!
!Electrical Engineering Department, Petra Christian University, Surabaya, Indonesia

Article Info

ABSTRACT

Article history:

Received month dd, yyyy
Revised month dd, yyyy
Accepted month dd, yyyy

Keywords:

On-grid

Solar PV

Rooftop PV
Techno-economic
Android application

Many developing countries, like Indonesia, are still making slow progress
with residential rooftop PV adoption. Apart from the challenges associated
with regulatory implementation, the potential utilisation of solar PV energy in
comparison to total electricity consumption and the investment feasibility
justification, are important technical and economic factors that can influence
residential customers' decisions on whether to install rooftop PV. This paper
introduces KawanSurya: PV Calculator, a solar rooftop PV techno-economic
tool for Android mobile phones that can be downloaded for free from Google
Play. It focuses on evaluating on-grid rooftop PV potential installations,
allowing users to choose a specific geographic location, calculate their daily
load profiles, and measure the available roof area. The tool leverages
irradiation data from the PVGIS APl and HOMER’s PV output equation to
calculate hourly-based rooftop PV output power. This paper presents the
application’s design methods and functionality, as well as simulation-based

testing and findings. This study makes a methodological contribution to the
literature on renewable energy applications, specifically to people’s
understanding, by offering KawanSurya as an alternate way for evaluating
potential rooftop PV installations. While the tool is intended for Indonesia’s
residential sector, it is equally applicable to other jurisdictions wanting to
boost customer education and information.
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1. INTRODUCTION

Climate change has become a global concern, and the Paris Agreement has brought countries together
to lower global greenhouse gas emissions to keep global temperature rise below 2°C, and to pursue efforts to
keep it below 1.5°C [1]. One of the efforts to reach these aims in the electricity industry is to limit the usage of
fossil fuel-based technology and transition to renewable energy-based ones. This approach appears promising
because, in 2022, renewable energy accounted for more than 83% of capacity additions, with wind and solar
accounting for more than 91%, including rooftop PV [2]. Rooftop solar photovoltaics (PV) will continue to play
an essential role in decreasing greenhouse gas emissions from the energy sector, particularly if appropriate
legislation and supporting measures are enacted [3].

Progress of residential rooftop PV deployment in many developing countries including Indonesia
remains very low. The Indonesian government aims for a 23% renewable energy mix by 2025, including rooftop
PV contributions with a target installed capacity of 3.6 GW [4]. However, meeting this target seems to be difficult
given that the installed capacity of rooftop PV in Indonesia as of May 2023 was just 95 MWp, servicing 7,075
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customers across the country, 72% of those being residential customers [5]. The potential of adopting solar rooftop
PV, especially in the residential sector in many developing countries, including Indonesia, appears promising
given the benefits of the globally declining costs of PV systems [6]. While the market potential is considered
significant, for example, given a large city with approximately 170-186 MWp rooftop capacity only from the
residential sector, or around 110 GWp for a province, its capacity deployment requires a broad range of supportive
policies, comprehensive information dissemination, and appealing government incentives [7], [8].

Many studies have identified and evaluated barriers to residential rooftop PV adoption. These include
economic barriers, which primarily tackle monetary costs and benefits [9], as well as technical barriers, which
may encompass knowledge and information aspects [10], in addition to social and regulatory barriers [11]. In
Indonesia’s context, these include high initial investment costs, lack of access to installation services, lack of
availability of information, disadvantageous PV export tariffs and policy inconsistencies, among others [12].
While the proposed solutions to the economic barriers may include the introduction of a solar PV leasing
package by the utility and a green financing mechanism or similar form of subsidies to reduce the upfront cost
burden, public education through information dissemination, particularly on product knowledge, and policy
campaigns is one of the proposed solutions to improve public knowledge and clear up misperceptions about
costly technology [9].

Some residential customers may already be aware of the benefits of using clean energy technologies
and their potential to lower electricity bills. However, two important technical and economic factors that can
influence residential customers' decisions on whether or not to install rooftop PV are the potential utilisation
of solar PV energy in comparison to overall electricity consumption, and the investment feasibility justification
from exporting PV energy to the grid, respectively. In this context, residential customers require a tool that
provides an adequate overview of the system in terms of the techno-economic potential of using rooftop PV.
While people, in general, are not expected to evaluate the potential of installing rooftop PV using complicated
software or tools designed for academic or research purposes, there are a limited number of handy applications
or tools that allow residential customers to assess the techno-economic potential of installing solar rooftop PV
in their homes that sufficiently appropriate and ‘independent’, which means they are not designed by or part
of the solar PV companies or contractors.

Photovoltaic Geographical Information System (PVGIS) [13] and PVWatts Calculator [14] are
examples of such tools. PVGIS is an interactive web-based tool developed by the European Commission (EU) to
evaluate the performance of grid or off-grid-connected PV in a specific geographic location, while PVWatts is
also a web-based application developed by The National Renewable Energy Laboratory (NREL). A few rooftop
PV techno-economic studies have used PVGIS and/or P\VWatts as tools, such as to compare the performance of
free-standing and rooftop PV for various climatic zones [15] and evaluate the techno-economic aspects of
residential PV systems considering a tiered rate and net-metering [16]. While PVGIS provides users with useful
simulation outputs such as yearly PV energy production, variability, and electricity cost, monthly energy output
of the PV system, and an outline of the horizon, it does not consider the user load profile hence the payback period
of the system. that allows users to assess the performance of PV installations with a focus on average monthly
solar radiation and system energy output. Meanwhile, PVWatts offers an optional analysis that includes the roof
area when evaluating system size, but, like PVGIS, does not take into account for user load profile.

In Indonesia’s context, there is a rooftop PV calculator known as SolarHub [17], that can be used to
estimate rooftop PV capacity, monthly PV energy generation, system costs and savings, required roof area,
avoided CO; emissions, and payback period. While the tool is clearly beneficial in assisting residential
customers with rooftop PV investment decisions, users can not specify a location based on a specific
geographical coordinate, but rather the province in which they live, as the tool provides an associated solar PV
output for that province. Furthermore, the tool does not take into account the household’s electricity use pattern,
which could be useful in assessing PV potential.

While existing applications are generally built on a web-based platform and so require a computer to
function properly, information dissemination regarding rooftop PV necessitates alternate platforms. Given these
circumstances, this paper introduces KawanSurya: PV Calculator (in English means ‘solar friend’, hereafter
KawanSurya), a solar rooftop PV techno-economic tool that runs on mobile phones using the Android platform
and is available for free on Google Play. The proposed tool focuses on the evaluation of on-grid rooftop PV
potential installations while allowing users to select a specific geographic location, and determine their daily
load profiles as well as measure the available roof area. The tool uses irradiation data from the PVGIS API [18]
and PV output equation from HOMER [19] to calculate hourly-based rooftop PV output power. This paper
discusses the application’s design methods and functionality, as well as testing through simulations and the
results. This study methodologically contributes to the literature on renewable energy application particularly to
people’s understanding, by introducing KawanSurya as an alternative approach for evaluating rooftop PV
potential installations. While the tool is aimed towards Indonesia’s residential sector, it is equally applicable to
other jurisdictions looking to increase customer education and information dissemination.
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The rest of this paper is organised as follows: Section 2 presents the tool’s design method; Section 3
presents and elaborates on the results and discussions; Section 4 finally provides some conclusions on the
findings and suggestions for future work.

2. METHOD
2.1. Application Flowchart of KawanSurya

Figure 1 depicts the flowchart for KawanSurya. It particularly displays the sequence of steps for
utilising the tool, which includes entering required parameters, computing inputs, and presenting results.

Start

Y

User Input Electrical Load, Location & Roof Area, /

] Technical Parameters, dan Economic Parameters

——

Database
Lokal

Edit Input
Data?
No
1
| ri\:(;ig:(ile Load Profile
Data Graph

PV Output
Calculation

——

Module Count
Calculation

Maximum PV
Capacity
Calculation

Load Profile &
PV Output

Scenario

Economic analysis

PV Output | | calculation : cashflow,
Graph savings, payback period,
ROI, dan NPV

Edit Input . . cash flow
@ / Display Calculation Output /
S

End

Figure 1. Flowchart of KawanSurya

Description of the tool’s application steps is elaborated in more detail as follows: 1) The user enters
required information such as the household appliances and their operating hours, as well as technical and
economic parameters, the available roof area which defines the maximum number of solar PV modules that
can be placed, and the location; 2) The programme retrieves irradiance data using the PVGIS API. KawanSurya
uses an irradiance dataset from 2005 to 2016, with a time step of one hour; 3) The tool calculates the energy
produced by the rooftop PV system over one year on an hourly basis; 4) The tool generates a daily load curve
with a time step of one hour and rooftop PV energy generation curve to show the user the potential utilisation
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of the energy generated by the PV, i.e., which can be used by the load (appliances), and part of the energy that
is exported to the grid; 5) The programme calculates the PV system's output power, portions of the energy
consumed by the appliances, and energy exported to the grid, as well as economic analyses such as bill
comparison, Net Present Value (NPV), Return on Investment (ROI), payback period, cash flow. Furthermore,
the tool measures the required area for rooftop PV installations and the quantity of PV modules needed; 6) The
tool displays all the results.

The KawanSurya App is available online and can be obtained using the following link:
https://play.google.com/store/apps/details?id=com.christophermarvel.pvcalc or in Google Play for Android
mobile phones. KawanSurya is developed using Kotlin. It is a native high-level programming language in
Android. The coding for data processing, calculation, and user interface is conducted using Android Studio.
The tool can be appropriately accessed in Android version 8 up to 13. Figure 2 depicts the user interface of the
tool on an Android mobile phone in English and in Bahasa Indonesia after it has been downloaded and
launched.

As shown in Figure 2, the tool functionality is grouped into five main features or pages, i.e., Electrical
Load, Location and Area, Technical Parameters, Economic Parameters, and Calculation. Apart from these main
pages, there is an Information page containing useful information about the application and its utilisation guide.
Each of these features is described in more detail in the sub-sections below.

Electrical Load Location & Area Beban Listrik Lokasi & Luas
Technical Economic Parameter Parameter
Parameters Parameters Teknis Ekonomis

© B © B

@ . @ .
g:m Calculation Q;/[Tﬁ[] Kalkulasi

(a) (b)

Figure 2. The user interface of KawanSurya on an Android mobile phone (a) in English, and (b) in Bahasa
Indonesia

The tool is designed to produce both technical and economic types of output to justify the techno-
economic feasibility of the on-grid rooftop PV that is going to be installed. Hence, KawanSurya is developed
without the existence of storage systems, for example, batteries. Technical outputs comprise the amount and
capacity of PV modules, required roof area, curves of daily load profile and PV output power, electricity energy
generated by rooftop PV system, electricity exported back to the grid, energy supplied by the grid, and energy
saving. Meanwhile, the economic type of outputs includes financial savings, electricity bills after installing
PV, cash flow, payback period, ROI, and NPV.
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User problems and needs are the foundation of the user interface/user experience design process. The
tool is designed using low and high-fidelity wireframes to allow functional and aesthetic blending in the design.
This helps to ensure that the final design handles existing problems and effectively satisfies the needs of users.

2.2. The Tool’s Navigation and Database

The tool’s navigation in KawanSurya allows users to interactively browse, enter, and quit various
features within the tool. Moreover, it also ensures a consistent and predictable user experience based on a set
of established principles that are particularly developed for the tool. Meanwhile, KawanSurya uses Room
Database, a library provided by Android Jetpack [20] that can simplify data management and access within an
Android application, to process a local database. Room Database works on top of SQLite [21], a database
engine used as the data storage foundation in Android applications.

In this tool, the database contains four different entities, i.e., Task, Dpd, Eko, and Map. By defining
these entities, we inform the database that we want to create tables to store data of these types. Hence, there
will be separate tables for each entity when the database is created. Figure 3 and Figure 4 present the navigation
diagram for KawanSurya and the database developed in this tool, respectively.

Homepage 41 Homepage Info
Electrical Load Location and Technical Economic Calculation
Roof Area Parameters Parameters
Electrical Load IEEIdIUtzddI Location and Technical Economic Calculation Info
Info i(t:)adca Roof Area Info Parameter Info Parameters Info

Figure 3. KawanSurya navigation diagram
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shapes: List<LatLng> name: String lifetimelnverter: Double azimuth: Double
ukuran: Double created: Long onmCost: Double kapasitasModul: Double
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shapes jumizah: String lifetime: Double efisiensi: Double
i completed: Boolean inflasiListrik: Double noct: Double
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data LatLng createdDateFormatied: String hargalnverter: Double id: Int

jamnyala: Siring
id: Int

discountRate: Double
id: Int
hargaJual: Double

dayapv: Double
tempCoet: Double
powerRed: Double

latitude: Double
longitude: Double

Figure 4. KawanSurya application database

2.3. Electrical Load Page

The Electrical Load page allows users to enter the amount of electrical load or appliances in their
houses. To add an appliance, users can click the 'Add' button and enter information such as the appliance's
name, amount, active power or wattage, operational hours, and off hours. The data provided will assist the tool
in generating the user's daily electrical load data and curve, which helps estimate the amount of self-consumed
PV energy and excess energy sent back to the utility grid.
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2.4. Technical Parameters Page

On the Technical Parameters page, users can provide numerous technical parameters of the rooftop
PV system to be installed, which greatly assists the tool in calculating the rooftop PV output power on an
hourly basis and performing economic analyses of the rooftop PV system. The page consists of installed PLN
(Indonesia’s national electricity utility company) contracted power capacity (VA), maximum rooftop PV
capacity (Wp), PV module size (m?), capacity per module (Wp), PV module efficiency (%), nominal operating
cell temperature (°C), temperature coefficient of power (%/°C), tilt angle (°), azimuth (0° = South, 90° = West,
-90° = East), and power output reduction per year (%). While the tool allows users to modify the technical
parameters entered in their rooftop PV installation plan and while they can specify technical settings, the
application also gives default values to assist users in moving forward with the simulation.

Irradiance data is required to calculate the output power of rooftop PV systems. KawanSurya gets
irradiance data from the PVGIS API that is retrieved from the PVGIS SARAH-2 Dataset [22]. This dataset
comprises sun irradiance data with a one-hour time step from 2005 to 2016. Retrofit will be used to make the
API request, which includes parameters such as latitude, longitude, month, output format, local time, global,
angle, aspect, and temperatures.

2.5. PV Output Power

KawanSurya calculates rooftop PV output power according to the equation provided in HOMER
software. It considers various parameters, including the derating factor and the factors typically involved in
calculating PV array temperature, i.e., solar absorptivity and solar transmittance. The derating factor considers
issues that may impair the performance of the PV system, such as panel dirt, wire loss, shadowing, snow
coverage, and aging, among others. This tool uses an estimated typical value of 0.77 [23] to indicate how much
these parameters influence the performance of the rooftop PV system.

Solar absorptivity is the proportion of solar radiation absorbed by a surface, whereas solar
transmittance is the proportion of solar radiation transmitted through a surface. The tool considers the product
of solar absorptivity and solar transmittance to be 0.9 or 90% [24]. Hence, equations to calculate rooftop PV
output power and PV cell temperature are as follows.

Poy = Yy fpv (i) [1+ ap (T, — Tesrc)] 1)

GT,STC

where:

Ppy PV output (KW)

Yoy  :rated capacity solar PV array in standard test conditions (kW)
fpy  :derating factor (%)

G;  :the solar radiation incident on the PV array in the current time step (kW/m?)
Grsrc - the incident radiation at standard test conditions (1 kW/m?)

ap : the temperature coefficient of power (%/°C)

T, : the PV cell temperature in the current time step (°C)

T¢ src - the PV cell temperature under standard test conditions (25°C)

—apT
Ta+(Tc,NOCT—Ta,NOCT)(GT ifTocr)(l nmp'STC(lmap C'STC)) ( )
T, = . 2
¢ 1+(TC,NDCT_Ta,NOCT)(GT ZZCT)(%HTig'STC)
where:
T, : the PV cell temperature (°C)
T, : the ambient temperature (°C)

T.nocr :the nominal operating cell temperature (°C)

Tanocr - the ambient temperature at which the NOCT is defined (20°C)

Gr : the solar radiation striking the PV array (kW/m?)

Grnocr - the solar radiation at which the NOCT is defined (0.8 kW/m?)

Nmp,stc - the maximum power point efficiency under standard test conditions (%)

ap : temperature coefficient of power (%)
Tesre - the cell temperature under standard test conditions (25°C)
T : the solar transmittance of any cover over the PV array (%)
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a : the solar absorptance of the PV array (%)

To estimate the electricity output power from solar PV over several years considering the yearly power
reduction, the tool uses the following equation.

PVout year n = PVout yearty X (1 — yearly rate of PVyydegradation (%)) x (n — 1) (3)

2.6. Location and Area Page

On the Location and Area page, users can draw a polygon to estimate the available roof area, i.e., by
clicking on the spots on the house’s roof where the solar PV modules would be mounted, as illustrated in Figure
5. The programme will read the geographic latitude and longitude of the site and calculate the area of the formed

polygon.

Lat, Long :

T3 720512726
Area : 18.27 meter?

Figure 5. Screenshot of determining location and roof area in KawanSurya

2.7. Solar PV Capacity and Module Quantity

The tool limits the maximum capacity of solar PV modules to up to 100% contracted electricity of a
household following the regulation [25]. The size of the roof to be fitted with PV modules is then multiplied
by 80% of the total roof area to facilitate installation and maintenance. To determine the number of applicable
modules and corresponding PV capacity, the tool chooses a smaller value by comparing the maximum power
(Watt-peak) that can be generated by all solar modules required to cover the entire roof surface with the
maximum power (Watt-peak) specified by the user or with a 100% permitted capacity that is equal to the
household contracted power.

2.8. Economic Parameters Page

The Economic Parameters page allows users to define the economic parameters of the rooftop PV
system that will be installed, which is critical for conducting economic analysis of the system. The user
provides several financial details on this page, including the inverter price and lifetime, capital cost (excluding
inverter price), electricity price, feed-in tariff (PV export tariff to the grid), annual O&M cost, annual electricity
price increase, inflation rate, discount rate, and project lifetime. KawanSurya uses payback period analysis,
one of the simplest evaluation techniques, to examine the economic feasibility of the system [26], in addition
to Return on Investment (ROI) and Net Present Value (NPV). The economic analysis incorporates both the
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simple and discounted payback periods. The equations for calculating the simple or discounted payback period,
ROI, and NPV are as follows.

ccNb

PP = Nb+ <20 )
where:
PP : payback period
Nb : year before recovery

ccNb  : cummulative cash flow in year before recovery
ncNa  :net cash flow in year after recovery

The present value (PV) is calculated using an assumed interest rate, also known as the discount rate. The present
value can be calculated using the following equation [8].

PV = S X Fpy (5)

where:

PV : present value of S in year n

S :cash flow in year n

Fpyy : present worth factor in year n

The DF (Discount Factor) is based on the assumed discount rate and can be determined using the equation
below.

DF = (1 + %)_n (6)

The inflation adjustment factor can be calculated using the inflation factor equation as follows.

IF = (1 +i)" 7
where:
i : inflation rate
d :discount rate
n  :year

The present worth factor Fpy, and the Net Present Value (NPV) can be obtained using Equation 8 and 9,
respectively.

_a+t
Fow = i ®

NPV Z PVincome - Z PVcost (9)
The cumulative cash inflow computation considers the cash inflow, discount rate, and project year until the
cumulative cash inflow is positive at the present payback period. Finally, Return on Investment (ROI) is
calculated using Equation 10. It measures the profitability of a system and is defined as the ratio of net benefits
(NPV) to the initial investment. A negative ROI indicates that the investment is not profitable.

ROI = —2¥ (10)

Capital Cost

3. RESULTS AND DISCUSSION

This section presents the simulation results conducted in the KawanSurya and discusses the findings
and implications. Several testings have been conducted to check and validate the application functionality.
These include simulating electrical load (appliances) data, processing solar irradiance data through API, and
other application features.
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3.1. Testing of Electrical Load Data Processing

Electrical data simulation is one of the tests used to assess the process of collecting and processing
data for electrical load (appliances). This data is saved in a local database within the application and processed
during the calculation phase. The testing aims to ensure that the data can be correctly retrieved and processed
during the calculation. This is done by setting the debug log level on the Calculation page. The testing makes
use of existing electrical load data from the database. Examples of data entered for processing the electrical
load data is presented in Table 1, while Table 2 gives the testing results of electrical load data processing. The
results obtained from the tests are then used as a reference for further tests.

Table 1. Examples of data entered for processing the electrical load data
Electrical Wattage Operational

Load Quantity (W) Hours Duration
a 4 99 05:00 —07:00 2.25 hours
b 5 100 10:00 — 02:00 16 hours

Table 2. Testing results of electrical load data processing

- Wattage - Wattage
Time (W) Time (W)
00:00 500 13:00 500
01:00 500 14:00 500
03:00 0 15:00 500
04:00 0 16:00 500
05:00 0 17:00 500
06:00 396 18:00 500
07:00 396 19:00 500
08:00 99 20:00 500
09:00 0 21:00 500
10:00 0 22:00 500
11:00 500 23:00 500
12:00 500

3.2. Testing of Solar Irradiance Data Retrieval through API

The test seeks to assess whether the geograpic location being entered into the tool and the retrieval of
solar irradiance data were successful by carrying the debug log level. The testing location is at latitude 3.589
and longitude 114.893, with a tilt angle of 30° and the aspect or azimuth of 0°.

The debug log from the tests for providing input location and retrieving irradiance data demonstrates
that both are successful, as presented in Table 3. It should be noted that the solar irradiance data obtained from
PVGIS are averaged every one-hour time step from 2005 to 2016.

Table 3. Testing results of solar irradiance data retrieval

Time Gi (W/m?) Time Gi (W/m?)
00:00 0 12:00 7561.26
01:00 0 14:00 6626.56
02:00 0 15:00 5193.40
03:00 0 16:00 3582.74
04:00 0 17:00 1968.99
05:00 0 18:00 553.57
06:00 0 19:00 0
07:00 83.92 20:00 0
08:00 1519.71 21:00 0
09:00 2898.66 22:00 0
10:00 5058.98 23:00 0
11:00 6803.24

3.3. Testing of Application Functionality

The simulation begins with entering a list of electrical loads for the house’s planned installation.
KawanSurya has a capability of taking a large number of electrical loads as the tool does not limit the household
maximum power capacity (contracted power). However, for practical purposes, this study considers modelling
of low maximum power capacity to reflect the tool’s usability among houses and potential techno-economic
implications of adopting on-grid rooftop PV systems for those typical houses.
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For the case study (Simulation-1), Table 4 shows a range of electrical loads in a household with a
contracted power of 2,200 VA. However, it should be noted that the appliances stated in Table 4 are assumed
in terms of quantity and power rating. Should the user requires more accurate simulation results, proper
measrurement or observation in the premises are required. This study uses a house with a 2,200 VA power
contract in Tropodo, Sidoarjo Regency, East Java, as a case study. Figure 5 shows the polygon drawn on the
west-facing part of the roof to mount the PV. The findings show that the house’s latitude and longitude are
obtained at -7.360, 112.754, respectively, and the usable roof space is 23.9 m2,

Table 4. Electrical loads in a ousehold with a 2,200VA power contract

Electrical load Quantity Wattage On-time Off-time
Refrigerator 1 80 24 hours -
Rice cooker 1 300 17:00 17:40
Iron 1 300 09:00 10:00
Water pump 1 600 07:00 08:30
Washing machine 1 150 08:00 09:00
Laptop 2 100 20:00 22:00
Water heater 1 500 05:30 06:30
AC %2 hp 2 375 20:00 05:30
AC1hp 1 750 20:00 05:30
TV 1 80 20:00 22:00
Lamp 15 10 17:30 22:00
Lamp 5 10 22:00 05:30

Lat, Long :
I 7360, 112754 @
Area : 23.91 meter?

Figure 5. A user interface shows site and roof area

The technical parameter settings are based on the specifications of a 100 Wp monocrystalline solar PV
module’s specification [27]. The module’s datasheet specifies the value of module size, maximum capacity,
efficiency, NOCT (Nominal Operating Cell Temperature), and output power reduction per year. In this
simulation, the roof tilt angle is fixed to 30°. Aside from that, the azimuth is facing west, as specified by the input
API of PVGIS, whih 90° representing the west direction [18]. Table 5 shows the complete technical parameters
entered into the tool. Meanwhile, the investment cost for installing rooftop PV per 1 kilowatt peak (KWp) is
expected to be IDR 15 million, resulting in a total cost of IDR 33 million. The inverter costs IDR 4,290,000,
which is 13% of the overall cost. While this simulation has a discount rate of 5%, the annual growth in
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electricity price and inflation in this scenario are set to 0%. These settings will be examined further in the
subsequent simulation. The O&M (Operation and Maintenance) cost is set to IDR 0, assuming that the PV
system maintenance is easy and can be performed independently by the owner. The electricity price is based
on the utility tariff for a 2,200 VA power contract, while the sellback rate (electricity export to the grid) is
assumed to be maximum at 100% of the electricity price. Regarding the sellback rate, however, it should be
noted that the tool can also accommodate 0% sellback rate in anticipation of a changing policy, i.e., if the utility
does not allow rooftop PV owners to export the electricity to the network.

Table 5. Technical parameters of Simulation-1

Parameter Unit Value
Contracted power capacity VA 2,200
Maximum rooftop PV capacity Wp 2,200
Size per PV module m? 0.67
Capacity per PV module Wp 100
PV module efficiency (STC) % 14.92
Nominal Operating Cell Temperature °C 45
Temperature coefficient of power %/°C -0.39
Tilt angle deg® 30
Azimuth deg® 90
Output power reduction per year % 0.8

Table 6. Economic parameters of Simulation-1

Parameter Unit Value

Inverter price IDR 4,290,000
Interter lifetime Year 15
System capital cost (exclude inverter price) IDR 28,710,000
Electricity price IDR 1,444.7
Export electricity price IDR 1,444.7
Electricity price increase per year % 0
Inflation % 0
O&M cost per year IDR 0
Discount rate % 5
Project lifetime Year 25

KawanSurya classifies the techno-economic analysis results into four sections: 1) User Baseline; 2)
PV System; 3) Load Profile Scenario with Daily PV Output; and 4) Investment. The user baseline comprises
the daily load curve, the geographic coordinates of the rooftop PV, the available roof size, the contracted power,
and the total electrical load per day, month, and year, which are 19.83 kWh, 603.56 kWh, and 7246.76 kWh,
respectively. The load curve created from this information serves as the basis for calculating the electricity
export, billing, and savings obtained from the PV system.

The PV system section provides simulation results in terms of the number of PV modules, the total
capacity of the rooftop PV system, the required area, the tilt angle and azimuth, the hourly PV output curve,
and the total PV output over the project lifetime in terms of daily, monthly, and yearly. The PV output curve
is calculated using irradiation data from the PVGIS API and technical parameters. The calculation shows that
the PV installed capacity is limited to the contracted power of 2,200 VA. The required area is smaller than the
available area. An asterisk (*) indicates that the total PV output was estimated prior to any reduction in power
output. For this simulation, the total PV output is calculated as 7.95 kWh per day, 241.90 kWh per month, and
2902.83 kWh annually. The graph below the PV output curve depicts the drop in PV output power over the
project's lifetime, based on the technical parameter of 0.8% power output reduction per year.

The load curve scenario with daily PV output provides simulation results on the hourly electricity load
after PV installation, part of the electricity load covered by PV, and the amount of the electricity exported from
PV to grid, denoted by asterisks which means before any power output reduction. In this simulation, the total
electrical load after PV installation is 18.23 kWh per day, 554.99 kWh per month, and 6,659.93 kWh per year.
PV covers a total electrical load of 1.60 kWh per day, 48.58 kWh per month, and 582.97 kWh annually. The
total electricity export is 6.35 kWh per day, 193.32 kWh per month, and 2,319.87 kWh annually.

The investment section summarises results of the economic analysis of the rooftop PV. It shows the
capital cost, net savings from PV, monthly bill comparison, project lifetime, payback period, cash flow graph,
ROI, and NPV. The net savings from PV installation were calculated to be IDR 11,482 per day, IDR 349,477
per month, and IDR 4,193,725 per year. The monthly electricity bill before installing the rooftop PV is IDR
871,967, while after installing the rooftop PV, it is IDR 522,507. The monthly electricity bill comparison is
based on the net savings from PV, as there are no O&M costs. The cash flow graph shows that the computation
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with a 5% discount rate yields a discounted payback of 10.85 years. The ROI is 59.21%, while the NPV is IDR
19,539,262.80. Figure 6 shows user interface of User Baseline (a) and PV System (b) of Simulation-1, while
Figure 7 shows user interface/results for load profile scenario with PV output (a), (b), and investment section
(c), all for Simulation-1.

PV System
2000 - Number of Modules 1 22Pcs
- Total Capacity 1 2200 Wp
1600 - Required Area : 14.74 meter?
1200 - Tilt Angle, Azimuth : 30°,90°
800 1200
1000
400 800
600
400
00:00 0500 10:00 1500 2000 2300
W Electrical Load 200
g X Hour Y- Wott
0000 G200 0400 0600 0800 1000 1200 1400 1600 1800 2000 2200
PVOut*
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- Total PV Output *
- GPS Coordinates per Day : 7.95kWh
Lat, Long 1 -7.35984, 112.75441 perdlontn 22410 kWh
per Year 1 2902.83 kWh
- Available Area : 2391 meter?
- Effective Area : 1913 meter?
2500
- Contract Capacity 1 2200 VA 2000
- Total Electrical Load i
1000
per Day : 19.83 kWh il
per Month : 603.56 kWh 0
3 6 9 12 15 18 2 24
per Year 1 7,242.76 kWh el S e
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Figure 6. User interface of (a) User Baseline and (b) PV System of Simulation-1
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Figure 7. User interface/results of (a), (b) Load Profile Scenario with PV Output, and (c) Investment, all for
Simulation-1
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As described above, the simulation (Simulation-1) resulted in a discounted payback period of 10.74
years at a 5% discount rate and a 100% bill reduction factor. Using Simultion-1 (S-1) as a reference, subsequent
scenarios, however, have impacted the system’s economic feasibility in terms of discounted payback period of
the project. These scenarios include differences in inflation rates and increases in electricity bills. In
Simulation-2 (S-2), introducing a 65% bill reduction factor, which means reducing the benefit of exporting
electricity from PV to the grid by lowering the power export price to only 65% of the electricity rate per kwh,
while leaving all other parameters unchanged from Simulation-1, will result in a (discounted) payback period
of 19.79 years, or double the previous payback period.

Simulation-3 (S-3) involves changing the electrical load profile to a constant load while maintaining
the 65% bill reduction factor and other parameters from S-1. This has increased the amount of energy provided
by the PV system to offset the electrical load, yet the income from PV based on the power export price has
decreased. This scenario results in a payback period of 11.79 years, one year longer than S-1. The findings
show changes in the amount of electrical load covered by the rooftop PV system and the amount of electricity
exported by it. Figure 8 depicts a part of S-3 results, illustrating the constant load profile scenario and total
electrical load following PV installation.
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Figure 11. Constant load profile scenario in Simulation-3

Simulation-4 (S-4) considers a 2% inflation rate while keeping all other parameters the same as in S-
1. In addition to having a negative economic impact, inflation helps rooftop PV users because inflation lowers
the discount rate by increasing the money provided by the rooftop system, i.e., through exporting the electricity
to the grid. The payback period shorthens, allowing investors to repay their initial investment sooner. Assuming
a 2% inflation rate, this simulation calculates a discounted payback period of 9.43 years.

Simulation 5 (S-5) incorporates a 2% annual increase in electricity costs while keeping the other
parameters from S-1. Aside from increasing electricity costs, the price increase helps the rooftop PV users because
increased electricity costs increase the income generated by the rooftop PV system, given a 100% export rate.
This simulation provides a discounted payback period of 9.66 years. It should be noted that the payback period
will be less than 9.66 years if the daily electrical load profile changes with increased electricity utilisation during
7 a.m. to 5 p.m. In terms of increasing electricity rates, it is also better for PV users to raise their daytime usage
in order to lessen the cost impact on billing caused by high loading during the evening and night.

KawanSurya is also capable of demonstrating a case in which the payback period of an investment
exceeds the project lifetime through a scenario in which an investment bacomes no longer financially feasible
(see the result of Simulation-6 in Table 7). This is due to the investment in a rooftop PV system that generates
power while having the monthly electricity bill below the minimum account threshold. This indicates a
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specified bottom limit on electricity bills that makes the payback period equal to the project lifetime, and any
billing below this limit will render the system uneconomical. The simulation determined that under this case,
the discounted payback period cannot be calculated since because it exceeds the project lifespan. Table 7
summarises possible discounted payback periods under different scenarios that involve bill reduction factors,
electricity load scenarios, inflation rates, increases in electricity rate, and minimum bill limit.

Table 7. Discounted payback periods due to different scenarios
Discounted payback

No. Scenario .
period (year)

1. Simulation-1 (S-1) 10.74

2. S-2: with 1 65% bill reduction factor 19.79

3. S-3: with a 65% bill reduction factor and constant electrical load 11.79

4. S-4: with a 2% inflation rate 9.43

5. S-5: with an annual increase of 2% in electricity tariff 9.66

6. S-6: minimum bill limit Exceed project lifetime

Various discounted payback periods as presented in Table 7 indicate the capability of KawanSurya in
computing various scenarios related to changes in techno-economic parameters of the rooftop PV system.
While a variety of payback periods may provide residential consumers with insights into their preferred rooftop
PV settings, decision-making based on the system's economic feasibility should also consider the ROI and
NPV of various scenarios. Residential customers should expect to select rooftop PV since it has a greater NPV
and ROI than other options, as well as a much shorter payback period.

The results in Table 7 further show that the payback period is highly dependent on two factors, i.e.,
the electrical load profiles and bill reduction factor. When the billing reduction factor is set to 65% and the
load profile is the same as in Simulation-1, the discounted payback period increases dramatically. This study
implies that if the billing reduction factor is set to 0%, or no compensation is provided to the customer for
selling back electricity to the grid, the discounted payback period will surpass the project lifetime. As this is
not a favourable scenario for rooftop PV system owners, it is of interest to boost power loading during the
daytime in the context of the residential on-grid rooftop PV system.

While users can evaluate the potential techno-economic of rooftop PV using the available parameters
that may influence the system’s feasibility, including performing the sensitivity analysis of different cases, the
assessment may incorporate combinations of important parameters to obtain key results that serve as candidates
for rooftop PV investment decision-making. Residential customers, for example, can assess the impacts of
various bill reduction factors, i.e., from 0-100%, and electrical load profiles while considering a range of
increases in electricity rates and inflation.

While the tool is capable of demonstrating the techno-economic analysis of the potential rooftop PV
installation in the residential sector, it is designed to be an entry-level tool for evaluating such potential. As a
result, there are several limitations to the tool’s functionality, including a lack of detail in technical modelling,
particularly on weather conditions and the impact of shades. Furthermore, while the tool recognises the
importance of PV output power reduction over time and so incorporates this variable in the model, it does not
investigate temperature, dirt, and other variables that influence system performance over time.

4.  CONCLUSION

This paper introduces KawanSurya: PV Calculator, a techno-economic analysis tool for assessing the
feasibility of on-grid rooftop solar PV installation in the residential sector, and discusses the application’s design
methods and functionality, as well as testing through simulations and the results. The tool is built on an Android
platform and uses the Kotlin programming language. KawanSurya, unlike other commonly used solar PV
assessment applications, runs on Android mobile phones rather than a web-based computer platform. The tool
intends to supplement the existing tools of rooftop solar PV by providing sufficient information for household
sector customers to make sound decisions about the potential techno-economic impacts of installing solar rooftop
PV due to different daily load profiles and other technical preferences and economic parameters. The analysis
results are divided into four sections, i.e., user baseline, PV system, load curve scenario with daily PV output, and
investment. While the tool is aimed towards Indonesia’s residential sector, it is equally applicable to other
jurisdictions looking to increase customer education and information dissemination.

The proposed Android application is intended to be a basic tool for assessing the technological and
economic viability of rooftop solar PV. However, users can still perform other useful evaluations, such as
sensitifity analysis of various cases and investigation of combinations of main parameters to acquire key findings
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for investment decision-making while still allowing for consideration of uncertain future costs, electrical loading,
and policy.

While the proposed tool successfully carries out the techno-economic analysis and provides relevant
simulation results, there are several limitations to note. First, the accuracy of the rooftop PV calculation results is
dependent on the assumptions and estimations utilised. Second, while PV energy generation estimates are
influenced by factors such as geographical location, weather conditions, and shading, the application lacks access
to specific shading data for particular places. Third, the programme estimates solar energy output power using
simplified models that do not account for variables such as temperature, dirt, panel degradation over time, and
system efficiency, all of which affect energy production in real-world settings. It is important to note that the
tool’s given estimates may not fully reflect the actual scenario, therefore gathering appropriate and relevant data
will help to improve the accuracy of the findings produced for the decision-making. Understanding these
limitations leads to recommendations for future work. These include feature additions like scenario comparison
and the inclusion of factors that may influence analysis outcomes.
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Many developing countries, including Indonesia, are still making poor
progress in residential rooftop PV adoption. Aside from the challenges
associated with regulatory implementation, the potential utilisation of solar
PV energy in comparison to total electricity consumption, and the investment
feasibility justification, are important technical and economic factors that can
influence residential customers' decisions to install rooftop PV. This paper
introduces KawanSurya: PV Calculator, a solar rooftop PV techno-economic
application for Android mobile phones that is available for free on Google
Play. It focuses on assessing on-grid rooftop PV potential installations,
allowing users to select a specific geographic location, calculate their daily
load profiles, and determine available roof areas. The tool uses irradiance data
from the PVGIS APl and HOMER’s PV output equation to determine hourly
rooftop PV output power. This paper describes the application’s design
methodologies and functionality, as well as the simulation-based testing and

findings. This study adds methodological contribution to the literature on
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1. INTRODUCTION

Climate change has become a global concern, and the Paris Agreement has brought countries together
to reduce global greenhouse gas emissions to keep global temperature rise below 2°C and to work towards
keeping it below 1.5°C [1]. One of the efforts to reach these aims in the electricity industry is the transition to
renewable energy technology. In 2022, renewable energy accounted for more than 83% of additional capacity,
with wind and solar accounting for more than 91%, including rooftop PV [2], [3]. Rooftop solar photovoltaics
(PV) will continue to play an important role in reducing greenhouse gas emissions from the energy sector,
particularly if proper legislation and support measures are implemented [4].

Many developing nations, like Indonesia, are still making slow progress with residential rooftop PV
adoption. The Indonesian government plans to achieve a 23% renewable energy mix by 2025, including 3.6
GW of rooftop PV. The Indonesian government plans to achieve a 23% renewable energy mix by 2025, including
3.6 GW rooftop PV [5]. However, attaining this aim appears to be difficult given that the installed capacity of
rooftop PV in Indonesia as of May 2023 was just 95 MWp, serving 7,075 customers across the country, 72% of
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which were residential customers [6]. The potential for solar rooftop PV adoption, especially in the residential
sector, appears positive in many developing countries, including Indonesia, given the benefits of worldwide PV
system cost reductions [7]. While the market potential is significant, for example, given a large city with
approximately 170-186 MWp rooftop capacity from the residential sector, or approximately 110 GWp for a
province, capacity deployment necessitates a wide range of supportive policies, comprehensive information
dissemination, and appealing government incentives [8], [9].

Many studies have identified and assessed the challenges to residential rooftop PV adoption. These
include economic barriers, which largely address monetary costs and benefits [10], technical hurdles, which can
involve knowledge and information aspects [11], and social and regulatory barriers [12]. In Indonesia, these
include high initial investment costs, lack of access to installation services, lack of availability of information,
disadvantageous PV export tariffs and policy inconsistencies, among other things [13]. While the proposed
solutions to the economic barriers may include the introduction of a solar PV leasing package by the utility and a
green financing mechanism or similar form of subsidies to reduce the upfront cost burden, one of the proposed
solutions to improve public knowledge and clear up misperceptions about costly technology tariffs and policy
inconsistencies, among others [10].

Some residential customers may already be aware of the advantages of employing sustainable energy
technologies and their ability to reduce electricity bills. However, two important technical and economic factors
that can influence residential customers' decisions on whether or not to install rooftop PV are the potential
utilisation of solar PV energy in comparison to total electricity consumption, and the investment feasibility
justification from exporting PV energy to the grid. In this context, residential customers require a tool that
provides an adequate overview of the system in terms of the techno-economic potential of rooftop PV. While
people are generally not expected to evaluate the potential of installing rooftop PV using complicated software
or tools designed for academic or research purposes, there are a limited number of handy applications or tools
that allow residential customers to assess the techno-economic potential of installing solar rooftop PV in their
homes that are sufficiently appropriate and ‘independent’, which means they are not designed by or part of the
solar PV companies or contractors.

Examples of such tools include the Photovoltaic Geographical Information System (PVGIS) [14] and
the PVWatts Calculator [15]. PVGIS is an interactive web-based tool created by the European Commission (EU)
to assess the performance of grid or off-grid-connected PV in a given geographic region. PVVWatts is another web-
based application developed by The National Renewable Energy Laboratory (NREL). A few rooftop PV techno-
economic studies have used PVGIS and/or PVWatts as tools, such as comparing the performance of free-standing
and rooftop PV in different climatic zones [16] and evaluating the techno-economic features of residential PV
systems with a tiered rate and net-metering [17]. While PVGIS provides users with relevant simulation outputs
such as yearly PV energy output, variability, electricity cost, monthly PV energy output, and an outline of the
horizon, it does not consider the user load profile, resulting in the system’s payback period. Users can measure
the performance of PV installations based on average monthly solar radiation and system energy output.
Meanwhile, PVWatts provides an optional analysis that considers the roof area when determining system size,
but, like PVGIS, does not account for user load profile.

In Indonesia’s context, a rooftop PV calculator called SolarHub [18] can be used to estimate rooftop PV
capacity, monthly PV energy generation, system costs and savings, necessary roof area, avoided CO, emissions,
and payback period. While the tool is useful in assisting residential customers with rooftop PV investment
decisions, users cannot specify a location based on a specific geographical coordinate, but rather the province in
which they live, as the tool calculates the associated solar PV output for that province. Furthermore, the tool does
not include the household’s electricity consumption pattern, which could be valuable in determining PV potential.

While existing applications are typically designed on a web-based platform and so require a computer
to function, information dissemination about rooftop PV necessitates alternative platforms. Given these
circumstances, this paper introduces KawanSurya: PV Calculator (in English means ‘solar friend’, hereafter
KawanSurya), a solar rooftop PV techno-economic tool that operates on Android mobile phones and is free on
Google Play. The proposed tool focuses on the evaluation of on-grid rooftop PV potential installations, allowing
users to select a specific geographic location, calculate their daily load profiles, and measure the available roof
area. The programme calculates hourly PV output power using irradiation data from the PVGIS API [19] and
HOMER’s PV output equation [20]. Meanwhile, the effect of shading [21] is included directly in the PV output
equation through the derating factor. This paper explains the application’s design processes and functionality, as
well as simulation-based testing and findings. This study makes a methodological contribution to the literature on
renewable energy applications particularly to people’s comprehension, by offering KawanSurya as an alternate
way for evaluating rooftop PV potential installations. While the tool is intended for Indonesia’s residential sector,
it is also applicable to other jurisdictions seeking to improve customer education and information dissemination.
The rest of this paper is structured as follows: Section 2 describes the tool’s design method; Section 3 presents
the results and discussions; Section 4 provides some conclusions on the findings and suggestions for future work.
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2. METHOD

2.1. Development and Utilisation Procedure of KawanSurya

Figure 1 depicts the flowchart for KawanSurya. It particularly shows the stages for using the tool, which
includes entering the appropriate parameters, computing inputs, and presenting outcomes. A more detailed
description of the tool’s application stages is provided as follows: 1) The user inputs required information such as
the household appliances and their operation hours, as well as technical and economic parameters, the available
roof area which defines the maximum number of solar PV modules that can be installed, and the location; 2) The
programme uses the PVGIS API to retrieve irradiance data. KawanSurya uses an irradiance dataset from 2005 to
2016, with a time step of one hour; 3) The programme calculates the energy produced by the rooftop PV system
over one year on an hourly basis; 4) The tool generates a daily load curve with a one-hour time step and a rooftop
PV energy generation curve to show the user the possible utilisation of the energy generated by the PV, i.e., which
can be consumed by the load (appliances) and part of the energy that is exported to the grid; 5) The programme
computes the PV system's output power, the shares of the energy consumed by the appliances, and energy
exported to the grid, as well as economic assessments such as bill comparison, Net Present Value (NPV), Return
on Investment (ROI), payback period, cash flow. It also calculates the required area for rooftop PV installations
and the number of PV modules required; 6) The tool displays all of the results.

v

User Input Electrical Load, Location & Roof Area,
Technical Parameters, dan Economic Parameters

Database
Lokal

Yes No

Calculation

Ir?:t;ig:c”e Load Profile
Data Graph

Module Count
Calculation

Maximum PV

Capaci_ty (F:’:;cgl‘ggg; Load Profile &
Calculation PV Output
f Scenario
Economic analysis
PV Output calculation : cashflow,
Graph savings, payback period,
ROI, dan NPV

cash flow
A—/ Display Calculation Output/

Figure 1. Flowchart of KawanSurya
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The KawanSurya App is available online and can be downloaded using the following link:
https://play.google.com/store/apps/details?id=com.christophermarvel.pvcalc or in Google Play for Android
mobile phones. KawanSurya is built with Kotlin. It is the native high-level programming language for Android.
Android Studio is used to code data processing, calculation, and user interface components. The tool is intended
for use with Android version 8 up to 13. Figure 2 depicts the tool's user interface on an Android phone in
English and Bahasa Indonesia after it has been downloaded and run. The tool interface is organised into five
major sections or pages: Electrical Load, Location and Area, Technical Parameters, Economic Parameters,
and Calculation. Aside from these primary pages, there is an Information page with relevant information about
the application and a user guide.

Electrical Load Location & Area Beban Listrik Lokasi & Luas
' '

Technical Economic Parameter Parameter
P P Teknis Ekonomis

© H ©® B

@ : @ .
m Calculation C;/mm Kalkulasi

(@) (b)

Figure 2. The Android-based user interface of KawanSurya (a) in English, and (b) in Bahasa Indonesia

The tool is intended to generate both technical and economic types of output to demonstrate the
techno-economic feasibility of the proposed on-grid rooftop PV installation. As a result, KawanSurya is
developed in the absence of energy storage solutions, such as batteries. Technical outputs include the amount
and capacity of PV modules, the required roof area, daily load profile and PV output power curves, electricity
energy generated by the rooftop PV system, electricity exported back to the grid, grid energy supply, and
energy savings. Meanwhile, economic outputs include financial savings, electricity bills after installing PV,
cash flow, payback period, ROI, and NPV. The user interface/user experience design approach is built on the
understanding of user problems and wants. The tool is created with both low and high-fidelity wireframes to
enable practical and aesthetic merging in the design. This helps to ensure that the final design addresses relevant
issues and effectively meets the basic needs of the consumers.

2.2. Navigation and Database

The tool’s navigation in KawanSurya enables users to interactively browse, enter, and exit numerous
functions. Moreover, it offers a uniform and predictable user experience by adhering to a set of established
principles designed specifically for the tool. Meanwhile, KawanSurya processes a local database using Room
Database, a library supplied by Android Jetpack [22] which simplifies data management and access within an
Android app. Room Database is built on top of SQLite [23], a database engine that serves as the data storage
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basis in Android applications. In this tool, the database has four distinct entities: Task, Dpd, Eko, and Map. By
establishing these entities, users inform the database that they want to build tables to contain data of this type.
As a result, when the database is constructed, it will contain different tables for each entity. Figure 3 and Figure
4 show the navigation diagrams for KawanSurya and the developed database for the tool, respectively. There are
several class diagrams developed for KawanSurya. It depicts the system structure that is comprised of classes that
are defined for building the whole system. Figure 5 shows a class diagram of the Location and Area page.

‘ Homepage H Homepage Info }

[ l l |

Location and Technical Economic
Electrical Load Calculation
Roof Area Parameters Parameters
Electrical Load IEEIZIcUt:SSI Location and Technical Economic Calculation Info
Info Load Roof Area Info Parameter Info Parameters Info

Figure 3. KawanSurya navigation diagram
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Figure 4. KawanSurya database scheme
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Figure 5. A class diagram of the Location and Area page
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2.3. Electrical Load Page

The Electrical Load page allows users to specify the number of electrical loads or appliances. Users can
add an appliance by clicking the 'Add' button and entering its name, amount, active power or wattage, and
operational hours. The tool determines the appliance's operational hours by subtracting the on-time and off-time
that users choose. Users can enter different appliance data to have the program gather a 24-hour electrical load of
the premise. All the submitted data will let the program generate the user’s daily electrical load data and curve,
allowing it to estimate the amount of self-consumed PV energy and excess energy sent back to the grid.

2.4. Technical Parameters Page

On the Technical Parameters page, users can enter a variety of technical parameters for the rooftop PV
system to be installed, which substantially aids the tool in calculating the rooftop PV output power hourly and
performing economic evaluations of the rooftop PV system. The page includes installed PLN (Indonesia’s
national electricity utility company) contracted power capacity (VA), maximum rooftop PV capacity (Watt-peak,
Wp), PV module size (m?), capacity per module (Wp), PV module efficiency (%), nominal operating cell
temperature (°C), and temperature coefficient of power (%/°C). In addition, tilt angle (°), azimuth (0° = South,
90° = West, -90° = East), and annual power output reduction (%) are also incorporated in the Technical Parameters
page. While the tool allows users to change the technical parameters entered into their rooftop PV installation
plan and define technical settings, it also provides default values to help users go forward with the simulation.

Irradiance data is essential for calculating the output power of rooftop PV systems. KawanSurya
obtains irradiance data from the PVGIS API, which is retrieved from the PVGIS SARAH-2 Dataset [24]. This
dataset contains sun irradiance data with a one-hour time step spanning 2005 to 2016. Retrofit will be used to
create an API request with parameters such as latitude, longitude, month, output format, local time, global,
angle, aspect, and temperatures. The following code is applied to request the PVGIS SARAH-2 datasets:
https://re.jrc.ec.europa.eu/api/DRcalc?lat=7.131&lon=106.93&month=0&ouputformat=json&localtime=1&g
lobal=1&angle=12&aspect=45&showtemperatures=1. Meanwhile, Figure 6 shows a part of the code that is
created to retrieve the solar irradiance dataset for a specific place from PVGIS.

Figure 6. A screenshot of coding for retrieving solar irradiance dataset
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2.5. Location and Area Page

On the Location and Area page, users can estimate the available roof area by drawing a polygon and
clicking on the areas on the house's roof where the solar PV modules would be mounted. The programme will
read the site's geographic latitude and longitude and compute the area of the resulting polygon. The area
measurement makes use of the MapDrawingManager library. The computed roof area that is displayed on the
Location and Area page is an effective area that considers 80% of the true size of the measured polygon to help
with installation practicality. Figure 7 depicts a screenshot of the house coordinates and roof area in KawanSurya.
It especially indicates the house’s coordinates of -7.295° (South Latitude) and 112.726° (East Longitude), as well
as the roof area of 18.27 m?. This usable roof space shows 80% of the total area within the polygon for installation
feasibility purposes.

Lat, Long :
I3 7205 12726
Area : 18.27 meter?

s ;
Pesawat’s‘l(re(a JADI

Figure 7. Screenshot of the location and roof area in KawanSurya

2.6. PV Output Power

KawanSurya calculates rooftop PV output power using the HOMER software’s given equation. It
considers a variety of metrics, including the derating factor and the factors commonly used to calculate PV
array temperatures, such as solar absorptivity and solar transmittance. The derating factor considers a variety
of factors that affect the PV system’s performance, including panel dirt, wire loss, shadowing, snow coverage,
and aging. This tool calculates an estimated typical value of 0.77 [25] to determine how much these parameters
influence the performance of the rooftop PV system. Solar absorptivity is the percentage of solar radiation that
a surface absorbs, whereas solar transmittance is the percentage of solar radiation that passes through a surface.
The tool takes the product of solar absorptivity and solar transmittance of 0.9 or 90% [26]. Hence, the equations
used to determine rooftop PV output power and PV cell temperature are as follows.

Poy = Ypv fpv (G_) [1+ a, (T, — Tesre)l (1)

T
GT,sTC

where Py, is PV output (kW); Yy, is rated capacity solar PV array in standard test conditions (KW); fpy is
derating factor (%); G is the solar radiation incident on the PV array in the current time step (KW/m?); Gy sr¢
is the incident radiation at standard test conditions (1 kW/m?); a,, is the temperature coefficient of power
(%/°C); T, is the PV cell temperature in the current time step (°C); and T¢ sr¢ is the PV cell temperature under
standard test conditions (25°C).
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Gr Ump,stc(1-apTcsTc)
Ta+(Tc,NOCT—Ta,NOCT)<GT NOCT)(l pev

T, =

1+ (TC,NOCT_Ta,NOCT)(GTZZ CT) (W) @
where T, is the PV cell temperature (°C); T, is the ambient temperature (°C); T, yocr iS the nominal operating
cell temperature (°C); T, nocr IS the ambient temperature at which the NOCT is defined (20°C); G is the solar
radiation striking the PV array (KW/m?); Gr yocr is the solar radiation at which the NOCT is defined (0.8
KW/m?); 1)y, s7c is the maximum power point efficiency under standard test conditions (%); a,, is temperature
coefficient of power (%); T¢ src¢ is the cell temperature under standard test conditions (25°C); t is the solar
transmittance of any cover over the PV array (%); a is the solar absorptance of the PV array (%).

The tool employs the following equation to predict the electricity output power from solar PV over multiple
years, considering the yearly power loss.

PVout year n = PVout yearty X (1 — yearly rate of PVyydegradation (%)) x (n — 1) 3)

2.7. Solar PV Capacity and Module Quantity

The tool limits the maximum capacity of solar PV modules to up to 100% of a household’s contracted
electricity [27]. The size of the roof to be installed with PV modules is then multiplied by 80% of the total roof
area to make installation and maintenance easier. To determine the number of applicable modules and
corresponding PV capacity, the tool selects a lower value by comparing the maximum power (Watt-peak) that
can be generated by all solar modules required to cover the entire roof surface with the maximum power (Watt-
peak) specified by the user or with a 100% permitted capacity equal to the household contracted power.

2.8. Economic Parameters Page

The Economic Parameters page allows users to define the economic parameters of the rooftop PV
system that will be installed, which is necessary for performing economic analysis on the system. The user
enters several financial details on this page, including the inverter price and lifetime, capital cost (excluding
inverter price), electricity price, feed-in tariff (PV export tariff to the grid), annual O&M cost, annual electricity
price increase, inflation rate, discount rate, and project lifetime. KawanSurya employs payback period analysis,
one of the most used evaluation methodologies to examine the economic feasibility of the monocrystalline
silicon-based PV module system [28], [29], in addition to Return on Investment (ROI) and Net Present Value
(NPV). The economic study includes both simple and discounted payback periods. The equations for
calculating the simple or discounted payback period, ROI, and NPV are as follows.

ccNb
ncNa

PP = Nb+

(4)

where PP is payback period; Nb is year before recovery; ccNb is cummulative cash flow in year before
recovery; and ncNa is net cash flow in year after recovery.

The present value (PV) is calculated using an assumed interest rate, also known as the discount rate. The present
value can be calculated using the following equation [30].

PV = S X Fpy (5)
where PV is present value of S in year n; S is cash flow in year n; Fpy, is present worth factor in year n.

The DF (Discount Factor) is based on the assumed discount rate and can be determined using the equation
below.

DF =(1+ i)_n (6)

100

The inflation adjustment factor can be calculated using the inflation factor equation as follows.

IF=(1+i)n @
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where i is inflation rate; d is discount rate; n is year.

The present worth factor Fpy, and the Net Present Value (NPV) can be obtained using Equation 8 and 9,
respectively.

_ a+i)"

Fow = S22 ®)

NPV = Z PVincome - Z PVcost (9)

The cumulative cash inflow computation considers the cash inflow, discount rate, and project year until the
cumulative cash inflow is positive at the present payback period. Finally, Return on Investment (ROI) is
calculated using Equation 10. It measures the profitability of a system and is defined as the ratio of net benefits
(NPV) to the initial investment. A negative ROI indicates that the investment is not profitable.

ROI = XY __ (10)

Capital Cost

3. RESULTS AND DISCUSSION

This section presents the results of simulations performed in the KawanSurya and discusses the
findings and implications. The analysis consists of two main parts, i.e., testing of features and simulations for
obtaining the techno-economic results. Several tests were initially conducted to verify and validate the
application’s functionality. These include getting and processing electrical load (appliances) data, processing
solar irradiance data using an API, and other application functions. The testing of electrical load data processing
and solar irradiance data retrieval are briefly described as follows.

3.1. Testing of Electrical Load Data Processing

Electrical load data simulation is one of the tests used to evaluate the process of gathering and
processing data for all appliances included in the tool. This information is recorded in a local database within
the application and used throughout the computation stage. The testing is intended to confirm that the data can
be accurately retrieved and processed during the calculation. This is accomplished by adjusting the debug log
level on the Calculation page. The testing makes use of existing electrical load data from the database. Users
list all appliances including their quantities, power (wattage), on-time, and off-time. The tool stores this data
and determines the electrical load’s operating hours based on the on-time and off-time values given by the
users. For example, if the on-time value is 1 and the off-time value is 3, the result is 2 hours of operation. Table
1 provides examples of data submitted for processing electrical load data, including the outcome of each
appliance’s operational period, whereas Table 2 presents an example of the testing results for hourly temporal-
based electrical load data processing. The test results are then used as a reference for the next tests.

Table 1. Examples of data entered for processing the electrical load data
Electrical Wattage Operational

Load Quantity (W) Hours Duration
a 4 99 05:00 — 07:00 2.25 hours
b 5 100 10:00 — 02:00 16 hours
Table 2. Testing results of electrical load data processing
. Wattage . Wattage . Wattage
Time ) Time ) Time (W)
00:00 500 08:00 0 16:00 500
01:00 500 09:00 0 17:00 500
02:00 0 10:00 500 18:00 500
03:00 0 11:00 500 19:00 500
04:00 0 12:00 500 20:00 500
05:00 396 13:00 500 21:00 500
06:00 396 14:00 500 22:00 500
07:00 99 15:00 500 23:00 500

3.2. Testing of Solar Irradiance Data Retrieval through API
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The test seeks to determine whether the geographical location entered into the tool and the retrieval
of solar irradiance data. The tool considers solar irradiation in terms of the average monthly sum of global
irradiation (GI) per square meter received by the modules (W/m?/month). It is conducted by carrying out the
debug log level. The testing site is at latitude 3.589 and longitude 114.893, with a tilt angle of 30° and azimuth
of 0° (South facing). Table 3 shows the debug log results of the location together with the corresponding
irradiance data. The Gl data originates from PVGIS’s default solar characteristics dataset for the region, the
PVGIS-SARAH dataset which spans the years 2005 to 2016 and is available on an hourly temporal basis.

Table 3. Testing results of the average monthly sum of global irradiation data retrieval

Time Gl (W/m?) Time Gl (W/m?) Time Gl (W/m?)
00:00 0 08:00 1,519.71 16:00 3,582.74
01:00 0 09:00 2,898.66 17:00 1,968.99
02:00 0 10:00 5,058.98 18:00 533.57
03:00 0 11:00 6,803.24 19:00 0
04:00 0 12:00 7,669.45 20:00 0
05:00 0 13:00 7,561.26 21:00 0
06:00 0 14:00 6,626.56 22:00 0
07:00 83.92 15:00 5,193.40 23:00 0

3.3. Simulation Settings and Results

The simulation begins with entering a list of electrical loads for the house’s intended installation.
KawanSurya can handle a wide range of electrical loads since it does not limit the household’s maximum
power capacity (contract power). However, for practical purposes, this study examines scenarios of low
maximum power capacity to reflect the tool’s usefulness among households as well as the potential techno-
economic implications of adopting on-grid rooftop PV systems in such typical homes. This paper includes up
to six case studies that depict various policy setting scenarios in terms of bill reduction factor, inflation,
increased electricity tariffs, and load profile.

Simulation-1 (S-1) serves as a default case study. It considers a household with a contracted power of
2,200 VA and assumes standard household appliances such as refrigerator, rice cooker, ironing device, water
pump, washing machine, water heater, air conditioners, television, laptops, and lamps. Table 4 shows a range of
electrical loads in a household used as a case in S-1, along with information around quantity, wattage, on-time,
and off-time. While this study assumes the quantity and power rating of all appliances as for the testing purposes,
users require proper measurement or observation in the premises for more accurate simulation results.

Table 4. Electrical loads in a household with a 2,200V A power contract

Electrical load Quantity Wattage On-time Off-time
Refrigerator 1 80 24 hours -
Rice cooker 1 300 17:00 17:40
Iron 1 300 09:00 10:00
Water pump 1 600 07:00 08:30
Washing machine 1 150 08:00 09:00
Laptop 2 100 20:00 22:00
Water heater 1 500 05:30 06:30
AC % hp 2 375 20:00 05:30
AC1hp 1 750 20:00 05:30
TV 1 80 20:00 22:00
Lamp 15 10 17:30 22:00
Lamp 5 10 22:00 05:30

Table 5 presents the technical parameters entered into the tool for S-1. The parameter settings are based
on the specifications of a 100 Wp monocrystalline solar PV module [30]. The datasheet for the module defines
its size, maximum capacity, efficiency, NOCT (Nominal Operating Cell Temperature), and annual output power
reduction. In this simulation, the roof tilt angle is kept at 30°. Aside from that, the azimuth is facing west, as
provided by the PVGIS input API, and 90° represents the west direction [20].

Meanwhile, Table 6 shows the economic parameters for S-1. It consists of the the prices for inverter,
system capital cost, electricity price, export electricity price, and operation and maintenance (O&M) cost per
year. The inverter costs IDR 4,290,000, or 13% of the total system capital cost. While this simulation has a
discount rate of 5%, the annual growth in electricity price and inflation in this scenario are set to 0%. These
parameters will be investigated further in the following scenarios. The O&M (Operation and Maintenance)
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cost is set to IDR 0, assuming that the PV system maintenance is simple and can be carried out independently
by the owner. The electricity price is based on the utility tariff for a 2,200 VA power contract, with the sellback
rate (electricity export to the grid) set at 100% of the electricity price. Regarding the sellback rate, it should be
noted that the tool can also support a 0% sellback rate in the event of a policy change, i.e., if the utility does
not allow rooftop PV owners to export the electricity to the network. The investment cost for installing rooftop
PV per 1 kilowatt peak (kWp) is estimated to be IDR 15 million, for a total cost of IDR 33 million.

Table 5. Technical parameters of S-1

Parameter Unit Value
Contracted power capacity VA 2,200
Maximum rooftop PV capacity Wp 2,200
Size per PV module m? 0.67
Capacity per PV module Wp 100
PV module efficiency (STC) % 14.92
Nominal Operating Cell Temperature °C 45
Temperature coefficient of power %/°C -0.39
Tilt angle deg® 30
Azimuth deg® 90
Output power reduction per year % 0.8

Table 6. Economic parameters of S-1

Parameter Unit Value

Inverter price IDR 4,290,000
Inverter lifetime Year 15
System capital cost (exclude inverter price) IDR 28,710,000
Electricity price IDR 1,444.7
Export electricity price IDR 1,444.7
Electricity price increase per year % 0
Inflation % 0
O&M cost per year IDR 0
Discount rate % 5
Project lifetime Year 25

Meanwhile, Figure 8 shows a user interface for the site and its roof area. This study employs a house with a 2,200
VA power contract in Tropodo, Sidoarjo Regency, East Java, as a case study. It particularly highlights the polygon
drawn on the West-facing area of the roof to mount the PV. The user interface displays the house’s latitude and
longitude (-7.360 and 112.754, respectively), as well as the usable roof area (23.9 m?).

Lat, Long :
I3 7360 12754 @
Area : 2391 meter?

Figure 8. A user interface shows the site and its roof area
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KawanSurya divides the techno-economic analysis results into four sections: 1) User Baseline; 2) PV
System; 3) Load Profile Scenario with Daily PV Output; and 4) Investment. The user baseline includes the daily
load curve, the geographic coordinates of the rooftop PV, the available roof size, the contracted power, and the
total electrical load per day, month, and year. For the case of S-1 and given Figure 8 as the location, they are
19.83 kWh, 603.56 kWh, and 7246.76 kWh, respectively. The load curve generated from this data is used to
calculate electricity export, billing, and savings from the PV system.

The PV system part includes simulation results for the number of PV modules, the total capacity of
the rooftop PV system, the needed area, the tilt angle and azimuth, the hourly PV output curve, and the total
PV output over the project lifetime in terms of daily, monthly, and yearly. The PV output curve is generated
using irradiation data from the PVGIS APl and technical parameters. The calculation shows that the PV
installed capacity is limited to the contracted power of 2,200 VA. The necessary area is smaller than the
available area. An asterisk (*) indicates that the total PV output was calculated before any reduction in power
output. For this scenario, the total PV output is determined as 7.95 kWh per day, 241.90 kWh per month, and
2902.83 kWh per year. The graph below the PV output curve displays the decrease in PV output power over
the project's lifetime, using a technical parameter of 0.8% power output reduction per year.

The load curve scenario with daily PV output generates simulation results for the hourly electricity
load after PV installation, the part of the electrical load covered by PV, and the amount of electricity exported
from PV to the grid, denoted by asterisks, which signifies before any power output reduction. In this simulation,
the total electrical load following PV installation is 18.23 kWh per day, 554.99 kWh per month, and 6,659.93
kWh per year. PV meets a total electrical load of 1.60 kWh per day, 48.58 kWh per month, and 582.97 kWh
annually. The total electricity export is 6.35 kWh per day, 193.32 kWh per month, and 2,319.87 kWh annually.

The Investment section covers the economic analysis of rooftop PV. It displays the capital cost, net
savings from PV, monthly bill comparison, project lifetime, payback period, cash flow graph, ROI, and NPV.
The net savings from PV installation were estimated to be IDR 11,482 per day, IDR 349,477 per month, and IDR
4,193,725 annually. The monthly electricity bill before installing the rooftop PV is IDR 871,967, but after
installation, it is IDR 522,507. The monthly electricity bill comparison is based on the net savings from PV, as
there are no O&M costs. The cash flow graph shows that applying a 5% discount rate yields a discounted payback
of 10.85 years. The ROI is 59.21%, while the NPV is IDR 19,539,262.80. The S-1 scenario resulted in a
discounted payback period of 10.74 years at a 5% discount rate and a 100% bill reduction factor. Using S-1 as a
baseline, successive scenarios, however, have influenced the system’s economic feasibility in terms of the
project’s discounted payback period. These scenarios incorporate varrying inflation rates and rising electricity
bills. Figure 9 exhibits the results with user interfaces of User Baseline (a) and PV System (b), while Figure 10
depicts the user interface/results for the load profile scenario with PV output (a), (b), and investment section (c).

PV System
- Number of Modules : 22Pcs
- Total Capacity 1 2200 Wp
- Required Area : 14.74 meter?
- Tilt Angle, Azimuth : 30,90
Ve
/ \\
00:00 0500 000 15:00 2000 2300 - / \
W Electrical Load 200 A \—
0 O e
User Baseline
- Total PV Output *
- GPS Coordinates per Day : 795 kWh
Lat, Long 1 -7.35984, 112.75441 per Month : 24190 kWh
per Year : 2902.83 kWh
- Available Area : 2391 meter?
- Effective Area : 1913 meter?
2500
- Contract Capacity 1 2200 VA —
- Total Electrical Load il
per Day 1 19.83 kWh o
s00
per Month : 603.56 kWh )
per Year : 7,242.76 kWh B oo - ® B @ &
(a) (b)

Figure 9. User interface of (a) User Baseline and (b) PV System of S-1
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Figure 10. User interface/results of (a), (b) Load Profile Scenario with PV Output, and (c) Investment, all for S-1

Simulation-2 (S-2) applies the same technical and economic parameters as in S-1. This yields a
(discounted) payback period of 19.79 years, or twice the prior payback period. The unappealing payback period
is principally caused by the implementation of a 65% bill reduction factor, which reduces the power export
price to only 65% of the electricity rate per KkWh. While the bill reduction factor appears to limit the customer’s
economic benefit from exporting electricity to the grid, the modelled load profile as in Figure 8 does not support
the goal of maximising solar PV energy usage during the day, notably between 09:00 to 15.00.

Simulation-3 (S-3) entails adjusting the electrical load profile to a constant load while retaining the 65%
bill reduction factor and other technical and economic parameters from S-1. This scenario appears to enhance the
amount of energy supplied by the PV system to offset the electrical load. However, due to this scenario, customer
income generated by exporting the electricity from PV has plummeted. This scenario produces a payback period
of 11.79 years, one year longer than S-1. The findings reveal that the amount of electrical load covered by the
rooftop PV system has changed, as has the amount of power exported. Figure 11 shows a part of the S-3 results,
specifically the constant load profile scenario and total electrical load after PV installation. The overall electrical
load was calculated to be 13.12 kWh per day, 399.35 kWh per month, and 4,792.25 kWh per year. Because of
increased electricity use during the day, the overall electrical load after PV installation is lower than in S-1.

1200
1000 /\

X: Haur f: Watt
fulizils) 0500 10:00 15:00 2000 2300
W Pvout” M Electrical Load

3 Hour - Watt

0
00:0D 0200 0400 D500 DBOD 1000 120D 1400 1600 1&00 2000 2200
M Load Prafile After PV Installation®*

- Total Electrical Load After PV Installation *

per Day : 1312 kWh
per Month 1 399.35 kWh
per Year : 4,792.25 kWh

Figure 11. Constant load profile scenario in S-3
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Simulation-4 (S-4) assumes a 2% inflation rate while leaving all other parameters same from S-1. In
this context, the inclusion of inflation in the simulation is intended to evaluate the effect of inflation on the
payback period. In addition to having a negative economic impact, inflation benefits rooftop PV users since it
lowers the discount rate by increasing the money provided by the rooftop system, i.e., through power export to
the grid. Using a 2% inflation rate, the simulation yields a discounted payback period of 9.43 years. This
payback period is found shorter than those in S-1 to S-3. A shorter payback periods enable investors to recover
their initial investment sooner.

Simulation 5 (S-5) incorporates a 2% annual increase in electricity tariff while keeping the remaining
parameters from S-1. Aside from boosting electricity tariffs, tariff increases benefit rooftop PV users since they
increase the income received by rooftop PV systems, assuming a 100% export rate. This simulation calculates a
discounted payback period of 9.66 years. It should be noted that if the daily electrical load profile changes to
enhance electricity utilisation between 7 a.m. and 5 p.m., the payback period will be smaller than 9.66 years. In
light of rising electricity costs, it is also preferable for PV users to increase their daytime usage in order to reduce
the cost impact on billing caused by heavy loading during the evening and night.

KawanSurya can also demonstrate a circumstance in which an investment’s payback period surpasses
the project lifetime by creating a scenario in which an investment becomes no longer financially feasible (see
Simulation-6 results in Table 7). This is due to the installation of a rooftop PV system, which provides power
while keeping the monthly electricity cost below the minimum account level. This implies a set bottom limit
on electricity bills that makes the payback period equal to the project lifetime, and any billing below this limit
renders the system uneconomical. The simulation revealed that in this scenario, the discounted payback period
cannot be calculated since because it exceeds the project’s lifespan. Table 7 summarises possible discounted
payback periods under various scenarios considered in this study. These involves bill reduction factors,
electricity load scenarios, inflation rates, increases in electricity tariff, and minimum bill limits.

Table 7. Discounted payback periods due to different scenarios
Discounted payback

No. Scenario -
period (year)

1. Simulation-1 (S-1) 10.74

2. S-2: with 1 65% bill reduction factor 19.79

3. S-3: with a 65% bill reduction factor and constant electrical load 11.79

4. S-4: with a 2% inflation rate 9.43

5. S-5: with an annual increase of 2% in electricity tariff 9.66

6. S-6: minimum bill limit Exceed project lifetime

3.4. Discussions

This research sought to improve people’s techno-economic knowledge by introducing a solar rooftop
PV techno-economic tool that operates on Android mobile phones called KawanSurya. While existing
applications or tools are typically designed on a web-based platform and so require a computer to function — in
addition to several limitations, information dissemination about rooftop PV necessitates alternative platforms. The
tool focuses on the evaluation of on-grid rooftop PV, allowing users to select a specific geographic location,
calculate their daily load profiles, and measure the available roof area. It calculates hourly PV output power using
irradiation data from the PVGIS API and HOMER’s equation. The main purpose is to obtain key results that serve
as candidates for rooftop PV investment decision-making.

We found that KawanSurya can work with numerous scenarios based on changes in rooftop PV system
techno-economic parameters. Residential clients are more likely to select a rooftop PV system that provides a
greater NPV and ROI than other options, as well as a much shorter payback period. While different payback
periods might assist residential users in determining their preferred rooftop PV settings, decisions based on the
system’s economic feasibility must also include the ROI and NPV of various scenarios. Another important
consideration is the existing electrical load pattern before PV installation. Higher daytime energy usage is
preferred to maximise electricity consumption from the PV modules. While users can assess the potential techno-
economic of rooftop PV using the available parameters that may influence the system’s feasibility, such as
performing sensitivity analyses on various cases, the assessment may also include combinations of important
parameters. Residential users, for example, can evaluate the effects of various bill reduction factors, ranging from
0-100%, as well as electrical load profiles while considering a variety of electricity tariff rises and inflation.

Our findings indicate that the discounted payback period is heavily influenced by two factors: electrical
load profiles and bill reduction factors. When the bill reduction factor is set to 65% and the load profile is the
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same as in S-1, the discounted payback period significantly increases. This analysis suggests that if the billing
reduction factor is set to 0%, or if the customer is not compensated for selling back electricity to the grid, the
discounted payback period will exceed the project lifetime. As this is not a desirable scenario for rooftop PV
system owners, it is worthwhile to increase electrical loading during the daytime in the context of a residential
on-grid rooftop PV system. Inflation rates may assist the residential sector in getting shorter payback periods
without severely impacting the project’s financial cash flow, given well-compensated electricity exports
regardless of minimal electricity usage during the day. The proposed tool may benefit residential customers by
providing greater information about the techno-economic impact of several main parameters evaluated in the
analysis before selecting to build an on-grid rooftop PV system.

KawanSurya is intended to be an entry-level tool for assessing such possibilities. As a result, the tool's
utility is limited. While the tool recognises the importance of PV output power reduction over time and
incorporates it in the model, it does not consider temperature, dirt, or other factors that influence system
performance over time, such as weather conditions. Additional and extensive research may be required to
improve the tool’s capability and confirm its correctness, especially when compared to other similar
applications. Our research demonstrated that the rpoposed Android-based application for on-grid rooftop PV
installation decision making tool can provide techno-economic results and key parameters essential for
residential customer preference in making such an investment. Future research may investigate the possibilities
of expanding the tool’s capabilities to examine off-grid and hybrid rooftop PV systems, as well as integrating
the effect of temperature, dirt, and other factors on system performance. Finally, while the tool is intended for
Indonesia’s residential sector, it is equally applicable to other jurisdictions wanting to boost customer education
and information.

4.  CONCLUSION

This paper introduces KawanSurya: PV Calculator, a techno-economic analysis tool for determining the
viability of on-grid rooftop solar PV installation in the residential sector. It also explains the application’s design
methodologies and capabilities, as well as simulation testing and findings. The tool is based on the Android
platform and uses the Kotlin programming language. KawanSurya, unlike other popular solar PV assessment
software, works on Android mobile phones rather than a web-based computer platform. The tool aims to
supplement existing rooftop solar PV tools by providing sufficient information for household sector customers to
make sound decisions about the potential techno-economic impacts of installing solar rooftop PV based on
different daily load profiles as well as other technical preferences and economic parameters. The analysis results
are presented into four sections: user baseline, PV system, load curve scenario with daily PV output, and
investment. While the tool is aimed towards Indonesia’s residential sector, it is also applicable to other
jurisdictions seeking to improve customer education and information dissemination.

The proposed Android application is designed to be a basic tool for determining the technological and
economic viability of rooftop solar PV. Users can, however, perform other useful evaluations, such as sensitivity
analysis of various cases and investigation of combinations of main parameters. This allows users to gain key
findings and essential conclusions for investment decision-making while taking into account unpredictable future
costs, electrical loading, and government policy in the analysis.

The proposed tool successfully performs the techno-economic analysis and generates relevant simulation
results. However, there are a few limitations to note. First, the accuracy of the rooftop PV calculation results is
highly dependent on the assumptions and estimates used. Second, the tool does not provide access to specific
shading data for specific locations even though geographical location, weather conditions, and shading all have
an impact on PV energy generation results. Third, the tool evaluates solar energy output power using simplified
models that do not take into consideration variables such as temperature, dirt, panel degradation over time, and
system efficiency, all of which influence energy production in real-world settings. It is important to note that the
tool’s provided results may not fully reflect the actual scenario; consequently, acquiring adequate and relevant
data will aid in improving the accuracy of the findings presented for decision-making. Understanding these
limitations leads to suggestions for future work. These include feature additions such as scenario comparison and
the incorporation of factors that may influence analysis results.

ACKNOWLEDGEMENTS

This research does not receive any funding. However, we would like to thank the reviewers for their
time and effort in reviewing the manuscript. All feedback and recommendations were helpful to help us
improve the manuscript’s quality.

REFERENCES

Paper’s should be the fewest possible that accurately describe ... (First Author)



16

a ISSN: 2302-9285

[1]

[2]
[3]

[4]
[5]

[6]
)
[9]
[10]
[11]
[12]
[13]
[14]

[15]
[16]

[17]
[18]
[19]

[20]
[21]

[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

[30]

N. Maamoun et al., “Identifying coal-fired power plants for early retirement,” Renewable and Sustainable Energy Reviews, vol.
126, Jul. 2020, Art. no. 109833.

IRENA, Renewable Capacity Statistics 2023. Abu Dhabi, UAE: International Renewable Energy Agency, 2023.

L. M. Adesina et al., “Web-based software application design for solar PV system sizing,” TELKOMNIKA (Telecommunication
Computing Electronics and Control), vol. 19, no. 6, pp. 2009-2019, Dec. 2021.

IEA, An Energy Sector Roadmap to Net Zero Emissions in Indonesia. Paris, France: International Energy Agency, 2022.

MEMR, “Press Release No. 290.Pers/04/SJI1/2021T (in Bahasa Indonesia),” Jakarta: Ministry of Energy and Mineral Resources of
The Republic of Indonesia, 2021.

H. B. Alexander, “Hingga Mei, PLTS atap PLN diserap 7.075 pelanggan dengan total 95 MW (in Bahasa Indonesia),” Kompas.com,
Jakarta, Indonesia. Accessed: Feb. 7, 2024. [Online]. Available: https://lestari.kompas.com/read/2023/06/15/110000186/hingga-
mei-plts-atap-pIn-diserap-7.075-pelanggan-dengan-total-95-mw.

IRENA, Renewable Power Generation Costs in 2022. Abu Dhabi, UAE: International Renewable Energy Agency, 2023.

IESR, “IESR supports Central Java to be (the very first) solar province in Indonesia. IESR, Jakarta, Indonesia, 2019. Accessed: Feb.
2,2024. [Online]. Available: https://solarhub.id/en/iesr-supports-central-java-to-be-the-very-first-solar-province-in-indonesia/.

M. Citraningrum and F. Tumiwa, Market potential of rooftop PV in Surabaya: A report. Jakarta, Indonesia: Institute for Essential
Services Reform, 2019.

D. Setyawati, “Analysis of perceptions towards the rooftop photovoltaic solar system policy in Indonesia,” Energy Policy, vol. 144,
Sep. 2020, Art. no. 111569.

E. Karakaya and P. Sriwannawit, “Barriers to the adoption of photovoltaic systems,” Renewable and Sustainable Energy Reviews,
vol. 49, pp. 60-66, Sep. 2015.

Y. Sukamongkol, “Barriers of the solar PV rooftop promoting in Thailand,” in. Proc. of the 2016 Management and Innovation
Technology International Conference (MITicon), October 2016, pp. 13-17, doi: 10.1109/MITICON.2016.8025258.

N, Nurwidiana, “Barriers to adoption of photovoltaic system: A case study from Indonesia,” Journal of Industrial Engineering and
Education, vol. 1, no. 1, pp. 80-89, Mar. 2023.

EU Science Hub. Photovoltaic Geographical Information System (PVGIS). (2023). Accessed: Jan. 14, 2024. [Online]. Available:
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html.

NREL. PVWatts Calculator. (2023). Accessed: Jan. 14, 2024. [Online]. Available: https://pvwatts.nrel.gov/.

D. Singh et al., “Potential and performance estimation of free-standing and building integrated photovoltaic technologies for
different climatic zones of India,” Energy and Built Environment, vol. 3, no. 1, pp. 40-55, Jan. 2022.

E. G. Lara et al., “Techno-economic evaluation of residential PV systems under a tiered rate and net metering program in the
Dominican Republic,” Energy for Sustainable Development, vol. 72, pp. 42-57, Feb. 2023.

IESR, SolarHub Kalkulator (in Bahasa Indonesia). (2023). Accessed: Jan. 15, 2024. [Online]. Available:
https://kalkulator.solarhub.id/.

EU Science Hub, PVGIS API. (2023). Accessed: Oct. 15, 2023. [Online]. Available: https://joint-research-
centre.ec.europa.eu/photovoltaic-geographical-information-system-pvgis/getting-started-pvgis/api-non-interactive-service_en.
HOMER Software. (2023). [Online]. Available: https://www.homerenergy.com/.

K. L. Shenoy et al., “Effect of partial shading in grid connected solar PV system with FL controller,” International Journal of Power
Electronics and Drive Systems (IJPEDS), vol. 12, no. 1, pp. 431-440, Mar. 2021.

Room Jetpack. (2023). [Online]. Available: https://developer.android.com/jetpack/androidx/releases/room.

SQLite, What is SQLite? (2023). Accessed: Nov. 12, 2023. [Online]. Available: https://www.sglite.org/index.html.

EU Science Hub, SARAH-2 solar radiation data. (2023). Accessed: Sept. 25, 2023. [Online]. Available: https:/joint-research-
centre.ec.europa.eu/photovoltaic-geographical-information-system-pvgis/pvgis-data-download/sarah-2-solar-radiation-data_en.

B. Marion, J. Adelstein, K. Boyle, H. Hayden, B. Hammond, T. Fletcher, B. Canada, D. Narang, A. Kimber, L. Mitchell, G. Rich,
and T. Townsend, “Performance parameters for grid-connected PV systems,” in Proc. of the Conference Record of the Thirty-first
IEEE Photovoltaic Specialists Conference, January 2005, pp. 1601-1606, doi: 10.1109/PVVSC.2005.1488451.

J. A. Duffie and W. A. Beckman, Solar Engineering of Thermal Processes. New York, USA: John Wiley & Sons. Inc, 1991.
MEMR, “Panduan Perencanaan dan Pemanfaatan PLTS Atap di Indonesia (In Bahasa Indonesia),” Jakarta: Ministry of Energy and
Mineral Resources of The Republic of Indonesia, 2021.

Solana, Monocrystalline Solar Panel Mono-12V-100. (2023). Accessed: Sept. 11, 2023. [Online]. Available: https://solana.co.id/pro-
mono/.

A. A. Alabi et al., “Development and sizing of a grid-connected solar PV power plant for Canaanland community,” International
Journal of Applied Power Engineering (IJAPE), vol. 8, no. 1, pp. 69-77, Apr. 2019.

C. Beggs, Energy: Management, Supply and Conservation 2" Ed. Oxford, UK: Elsevier Ltd, 2009.

Bulletin of Electr Eng & Inf, Vol. 99, No. 1, Month 2099: 1-1x


https://lestari.kompas.com/read/2023/06/15/110000186/hingga-mei-plts-atap-pln-diserap-7.075-pelanggan-dengan-total-95-mw
https://lestari.kompas.com/read/2023/06/15/110000186/hingga-mei-plts-atap-pln-diserap-7.075-pelanggan-dengan-total-95-mw
https://solarhub.id/en/iesr-supports-central-java-to-be-the-very-first-solar-province-in-indonesia/
https://re.jrc.ec.europa.eu/pvg_tools/en/tools.html
https://pvwatts.nrel.gov/
https://kalkulator.solarhub.id/
https://joint-research-centre.ec.europa.eu/photovoltaic-geographical-information-system-pvgis/getting-started-pvgis/api-non-interactive-service_en
https://joint-research-centre.ec.europa.eu/photovoltaic-geographical-information-system-pvgis/getting-started-pvgis/api-non-interactive-service_en
https://developer.android.com/jetpack/androidx/releases/room
https://www.sqlite.org/index.html
https://joint-research-centre.ec.europa.eu/photovoltaic-geographical-information-system-pvgis/pvgis-data-download/sarah-2-solar-radiation-data_en
https://joint-research-centre.ec.europa.eu/photovoltaic-geographical-information-system-pvgis/pvgis-data-download/sarah-2-solar-radiation-data_en
https://solana.co.id/pro-mono/
https://solana.co.id/pro-mono/

Bulletin of Electr Eng & Inf

ISSN: 2302-9285 a

17

BIOGRAPHIES OF AUTHORS

Yusak Tanoto g received a Bachelor of Engineering in Electrical
Engineering from Petra Christian University (PCU), Indonesia, in 2003. He
received a Master of Engineering in Energy-Electric Power System Management
from the Asian Institute of Technology (AIT), Thailand, in 2010. He has
completed his Ph.D. in Electrical Engineering (Energy Systems) from the School
of Electrical Engineering and Telecommunications, University of New South
Wales (UNSW), Sydney, Australia, in 2022. He has been a full-time lecturer at
the Electrical Engineering Department, PCU, Indonesia since 2005, and currently
is an Associate Professor at the same institution. His research interests are
sustainable electricity energy generation planning, energy efficiency and
management systems, high variable renewable penetration and resources data
analytics in the context of emerging economies. He can be contacted at email:
tanyusak@petra.ac.id.

Christopher Marvel received a Bachelor of Engineering in Electrical
Engineering (Power System) from Petra Christian University, Indonesia, in 2023.
His research interest is around the deployment of solar PV and other renewable
energy technologies. He is currently working at SEDAYUSolar, one of the leading
solar PV companies in Indonesia with the role of Business Development. He can
be contacted at email: christopher.marvel19@gmail.com.

Hanny H. Tumbelaka B4 B8 received a Bachelor of Engineering in Electrical
Engineering from Petra Christian University, Indonesia in 1988, a Master of
Science in Electric Power Engineering from Rensselaer Polytechnic Institute,
New York, USA in 1993, and a Ph.D. in Electrical Engineering from Curtin
University of Technology in 2006. Since 1989, he has been a certified lecturer in
The Electrical Engineering Department, at Petra Christian University, Indonesia.
Currently, he is the Professor in this department. He was a research fellow at
Sophia University, Japan (2008) and NREL, Colorado, USA (2016). His research
interests are power electronics, power quality, and renewable energy. He is a
certified engineer (Insinyur — IPM) and a member of PIl and IEEE. He can be
contacted at email: tumbeh@petra.ac.id.

Paper’s should be the fewest possible that accurately describe ... (First Author)


mailto:tumbeh@petra.ac.id
https://orcid.org/0000-0002-8097-2648
https://scholar.google.com/citations?hl=en&user=-_5GS2cAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57202082032
https://scholar.google.com/citations?hl=en&user=DI2qCPgAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=12141979200

4. Emailreceived from BEEI Editor: Revision required
- Email from BEEI containing reviewer’s comments (16 May 2024)



I UNIVERSITAS

1\, KRISTEN Yusak Tanoto <tanyusak@petra.ac.id>
PETRA

[EEI] Editor Decision - Revisions required
1 message

Prof. Dr. Ir. Tole Sutikno, ASEAN Eng. <beei@iaescore.com> Thu, May 16, 2024 at 11:59 PM
To: "Dr. Yusak Tanoto" <tanyusak@petra.ac.id>
Cc: Christopher Marvel <christopher.marvel19@gmail.com>, Hanny H Tumbelaka <tumbeh@petra.ac.id>

-- Paper ID# 8309

-- Strictly adhere to the guidelines for authors
https://iaescore.com/gfa/beei.docx

-- Also please read: https://bit.ly/35R6JTs and https://bit.ly/2DxU9MI

Dear Prof/Dr/Mr/Mrs: Dr. Yusak Tanoto,

We have reached a decision regarding your submission entitled "KawanSurya:
An Android-based mobile app for assessing the techno-economic potential of
rooftop PV" to Bulletin of Electrical Engineering and Informatics, a
Scopus(Elsevier)/ScimagoJR indexed journal, CiteScore: 3.0, SNIP: 0.639, and
SJR: 0.299.

Our decision is: revisions required

Please revise your paper (in MS Word or LATEX file format) in consideration
of reviewers' comments and in strict accordance with the authors' guide
(available at https://iaescore.com/gfa/beei.docx or
https://iaescore.com/gfa/beei.rar for LATEX file format), and and follow

the checklist for preparing your FINAL paper for publication:
https://beei.org/index.php/EEl/about/editorialPolicies#custom-3, also make
sure it is free of spelling and grammar errors. Failing to do proper

revision may lead to the rejection of your paper.

I hope to receive your highlighted updated manuscript as soon as possible
(within 8 weeks).

Thank you

Best Regards,

Prof. Dr. Ir. Tole Sutikno, ASEAN Eng.
Universitas Ahmad Dahlan
beei@iaescore.com
http://beei.org/index.php/EEI

;- M.Eng. (S2) in Electrical Engineering (Intelligent Systems Engineering)

Want to study Master's Program of Electrical Engineering at Universitas
Ahmad Dahlan, Yogyakarta? In our Master of Electrical Engineering in
Intelligent Systems Engineering (ISE) program, you will gain technical
expertise in computational engineering and artificial intelligence—the
future of engineering and problem solving. Please take a look at the
attached flyer #1 (https://s.id/1G00O8) or flyer #2 (https://s.id/1G0OOn).

Such a document clarifies everything and will aid the reviewers in

evaluating the work fast.

When providing your amended primary document files, you must also upload
your corrections statement. Before your manuscript, the declaration of
revisions should appear.


https://iaescore.com/gfa/beei.docx
https://iaescore.com/gfa/beei.docx
https://bit.ly/35R6JTs
https://bit.ly/2DxU9MI
https://iaescore.com/gfa/beei.docx
https://iaescore.com/gfa/beei.docx
https://iaescore.com/gfa/beei.rar
https://iaescore.com/gfa/beei.rar
https://beei.org/index.php/EEI/about/editorialPolicies#custom-3
https://beei.org/index.php/EEI/about/editorialPolicies#custom-3
https://beei.org/index.php/EEI/about/editorialPolicies#custom-3
mailto:beei@iaescore.com
http://beei.org/index.php/EEI
https://s.id/1G0O8
https://s.id/1G0On

Reviewer A:

Does the title of the paper accurately reflect the major focus contribution
of this paper? Is the abstract an appropriate and adequate digest of the
work? Is the paper clear, concise, and well organized?

Please suggest change of the title as appropriate, and how should authors
organize their paper

How does this paper show the rate of contribution strength and scientific
quality to the field? Do authors place the paper in proper context by citing
relevant papers? Is the paper free from obvious errors, miscomceptions, or
ambiguity? Is the paper written in correct English? Please note grammatical
errors and suggest corrections:

Please mark approite scale for the overall grade for this paper?:
Average

Reviewer's comments and suggestions how to improve the paper

- The abstract should be a concise summary of the paper. The abstract should
include what you researched such as a brief introduction of your research,
Methods, Solution of the proposed problem and briefly explain the results
obtained from the research. The abstract should be simple, specific, clear,
impartial, honest, concise, precise, self-contained, complete, scientific,
(preferably) structured, and not misleading. Stay within the word count

limit. Common abstract word limits range from 150 to 200 words.

- | suggest including the DOI of the reference (if any), and you can see an
example of the IEEE template at the following link:
https://ieeeauthorcenter.ieee.org/wp-content/uploads/IEEE-Reference-Guide.pdf
- The sub Figures of your paper is not mentioned again in the body text. |
suggest that you briefly explain each figure and sub figure in the body text

of your paper before the figure appears to make your paper better.

- In Figure (9), please add the main caption before the sub caption.

Example: Figure 1. ....; (@) ...., and (b) ....

- We found that the Figure 3-6 on the paper you attached, is in a low

quality format. | suggest, it is better to convert the Figure to HD quality

that can be read clearly.

- Rearrange your conclusion. The conclusion is designed to help the reader
understand why your research is important to them after they have finished
reading the paper. A conclusion is more than just a summary of your points

or a restatement of your research problem; it is a synthesis of key points.
Most papers require only one well-developed paragraph for a conclusion, but
in some cases, two or three paragraphs may be required.

- In your acknowledgments section, | recommend including the contract number
of your research (if any).

Bulletin of Electrical Engineering and Informatics
http://beei.org


https://ieeeauthorcenter.ieee.org/wp-content/uploads/IEEE-Reference-Guide.pdf
https://ieeeauthorcenter.ieee.org/wp-content/uploads/IEEE-Reference-Guide.pdf
https://ieeeauthorcenter.ieee.org/wp-content/uploads/IEEE-Reference-Guide.pdf
http://beei.org/

5. Submitted the revised manuscript and detailed correction statement via the online
submission system

- Detailed correction statement (4 June 2024)

- Revised manuscript according to the editor and reviewer’s comments with yellow
highlights — Round 2 (4 June 2024)



Bulletin of Electrical Engineering and Informatics
Vol. 99, No. 1, Month 2099, pp. 1~1x
ISSN: 2302-9285, DOI: 10.11591/eei.v99il.paperID a

1

KawanSurya: An Android-based mobile app for assessing the
techno-economic potential of rooftop PV

Yusak Tanoto?, Christopher Marvel!, Hanny H. Tumbelaka!
1Electrical Engineering Department, Faculty of Industrial Technology, Petra Christian University, Surabaya, Indonesia

Article Info ABSTRACT

. . Many developing countries, including Indonesia, are progressing poorly in
Avrticle history: residential rooftop PV adoption, including on-grid systems. On the customer
; side, the decision to implement on-grid rooftop PV or rely only on power from
EZS/?SIZSdmrEgmhdgd;/azy the utility grid has often been made without appropriate knowledge of techno-
’ economic considerations. This includes the impression of high system costs.
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1. INTRODUCTION

The Paris Agreement aims to reduce global greenhouse gas emissions to keep global temperature rise
below 2°C and 1.5°C [1]. The electricity industry is transitioning to renewable energy technology, with
renewable energy accounting for over 83% of additional capacity in 2022. Wind and solar, including rooftop
PV, account for 91% of additional capacity [2], [3]. Proper legislation and support measures are crucial for
rooftop solar photovoltaics to continue playing a significant role in reducing greenhouse gas emissions [4]. Many
developing nations, like Indonesia, are making slow progress in residential rooftop PV adoption. The
Indonesian government plans to achieve a 23% renewable energy mix by 2025, including 3.6 GW of rooftop
PV [5]. However, achieving this target appears to be difficult given the slow progress of the installed capacity of
rooftop PV in Indonesia [6]. The potential for solar rooftop PV adoption, particularly in the residential sector, is
positive due to cost reductions worldwide [7]. Capacity deployment, however, necessitates a wide range of
supportive policies, comprehensive information dissemination, and appealing government incentives [8], [9].

Numerous studies have identified challenges to residential rooftop PV adoption, including economic,
technical, and social barriers, primarily focusing on monetary costs and benefits [10], knowledge and information
aspects [11], and social and regulatory aspects [12]. In Indonesia, these include high initial investment costs, lack
of access to installation services, information availability, disadvantageous PV export tariffs, and policy
inconsistencies [13]. Improving public knowledge and clearing up misperceptions about costly technology tariffs

Journal homepage: http://beei.org


https://creativecommons.org/licenses/by-sa/4.0/

2 a ISSN: 2302-9285

and policy inconsistencies are among the important efforts to increase rooftop PV deployment [10]. Residential
customers are increasingly considering solar PV energy to reduce electricity bills. However, technical and
economic factors like usage compared to total electricity consumption and investment feasibility are crucial.
To assess the techno-economic potential of installing rooftop PV, customers need a tool that provides an
adequate overview of the system. Limited, independent applications and tools are available to help customers
assess the potential of solar rooftop PV in their homes.

PVGIS [14] and PVWatts Calculator [15] are web-based tools developed by the European Commission
and The National Renewable Energy Laboratory to assess the performance of solar power (PV) systems in specific
geographic regions. They are used in rooftop PV techno-economic studies to compare the performance of free-
standing and rooftop PV systems in different climatic zones and evaluate residential PV systems with tiered rates
and net metering [17]. PVGIS provides simulation outputs like yearly PV energy output, variability, electricity
cost, monthly PV energy output, and horizon outline, but does not consider user load profile, resulting in the
system's payback period. PVVWatts offers an optional analysis considering roof area but does not account for user
load profile. SolarHub [18], an Indonesian rooftop PV calculator, estimates solar PV capacity, energy generation,
system costs, roof area, CO, emissions, and payback period.

This paper introduces KawanSurya: PV Calculator (in English means ‘solar friend’), a free Android tool
for evaluating on-grid rooftop PV potential installations. The tool allows users to select a specific location,
calculate daily load profiles, measure roof area, and calculate hourly PV output power using irradiation data from
the PVGIS API [19] and HOMER's PV output equation [20], while also including the effect of shading [21]
through the derating factor. The tool is designed to be a useful alternative to web-based applications for
information dissemination about rooftop PV. The paper aims to offer a methodological contribution to renewable
energy literature, focusing on customer education and information dissemination on rooftop solar PV. While it is
intended for Indonesia’s residential sector, the tool can be used to simulate the installation potential in other
jurisdictions seeking to improve residential rooftop PV capacity. The rest of this paper is structured as follows:
Section 2 describes the tool’s design method; Section 3 presents the results and discussions; Section 4 provides
some conclusions on the findings and suggestions for future work.

2. METHOD

2.1. Development, Navigation and Database of KawanSurya

KawanSurya is an Android tool designed for data processing, calculation, and user interface
components. Itis built using Kotlin, the native high-level programming language for Android, and Android Studio
for data processing. The tool is intended for Android versions 8 to 13. The interface is organised into five main
sections: Electrical Load, Location and Area, Technical Parameters, Economic Parameters, and Calculation. An
Information page and user guide are also available. Figure 1 depicts the Android-based user interface of
KawanSurya; (a) in English, and (b) in Bahasa Indonesia after it has been downloaded and run.

Electricol Load Location & Area Beban Listrik Lokasi & Luas
Parameter Porameter

Technical Economic ara

© B © B

@m Calculation % Kalkulasi

@ (b)

Figure 1. The Android-based user interface of KawanSurya; (a) in English, and (b) in Bahasa Indonesia

Bulletin of Electr Eng & Inf, Vol. 99, No. 1, Month 2099: 1-1x



Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 3

The KawanSurya App is available online and can be downloaded from the following link:
https://play.google.com/store/apps/details?id=com.christophermarvel.pvcalc. It is a comprehensive tool for
estimating the energy output of a rooftop solar PV system that involves several stages including user input,
retrieving irradiance data, calculating energy production, generating a daily load curve, computing the PV
system's output power, and presenting outcomes. The user inputs information about household appliances, their
operation hours, technical and economic parameters, roof area, and location. The PVGIS API is used to retrieve
irradiance data from 2005 to 2016, with a one-hour time step. Subsequently, the tool calculates the energy
produced by the system over a year, generates a daily load curve, and calculates the required area for rooftop PV
installations. The tool also calculates the Net Present Value (NPV), Return on Investment (ROI), payback period,
and cash flow. Finally, the tool displays all the results, providing a comprehensive overview of the solar PV
system'’s potential. Figure 2 depicts the flowchart for KawanSurya. It particularly shows the stages for using the
tool, which include entering the appropriate parameters, computing inputs, and presenting outcomes.

Start

{r

User Input Electrical Load, Location & Roof Area,
Technical Parameters, dan Economic Parameters

—

Database
Lokal

No
Calculation

I:?:t;ig:clL Load Profile
Data Graph

Module Count
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Maximum PV

Capacity ge\\/lcil‘ggg; Load Profile &
Calculation PV Output
f Scenario
Economic analysis
PV Output calculation : cashflow,
Graph savings, payback period,
ROI, dan NPV

/ cash flow
Display Calculation Output

Figure 2. Flowchart of KawanSurya

KawanSurya is designed to demonstrate the techno-economic feasibility of an on-grid rooftop PV
installation. It generates technical and economic outputs, including PV module capacity, roof area, daily load
profile, and electricity generation. Economic outputs include financial savings, electricity bills, cash flow,
payback period, ROI, and net present value (NPV). To ensure the final design addresses relevant issues and
meets consumer needs effectively, the tool's user interface is designed with both low and high-fidelity
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wireframes to merge practical and aesthetic aspects. KawanSurya uses Room Database, a library provided by
Android Jetpack [22], to process a local database. Room Database is built on top of SQLite [23], a database
engine used in Android applications. The tool has four distinct entities: Task, Dpd, Eko, and Map. Users can
specify the tables to contain data for each entity. Navigation and class diagrams depict the system structure,
with a class diagram of the Location and Area page. Figure 3 and Figure 4 show the navigation diagrams for
KawanSurya and the developed database for the tool, respectively. Meanwhile, Figure 5 shows a class diagram

of the Location and Area page.
‘ Homepage H Homepage Info

[ | | |

Electrical Load Location and Technical Economic Calculation
Roof Area P
Edivadd Location and Technical Economic

Electrical

Roof Area Info Parameter Info Parameters Info

Electrical Load
Info

Calculation Info ]

Load

Figure 3. KawanSurya navigation diagram

LocalDatabase

+ mapDao(): MapDao
+ taskDao(): TaskDao
+ dpdDao(): DpdDao
+ ekoDao(): EkoDao
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latitude: Double
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Figure 4. KawanSurya database scheme

LocationAdapter

Lokasilnfo

+ onBindViewHolder{ViewHolder, Int): Unit
+ onCreateViewHolder(ViewGroup, Int): ViewHolder
+ updateDala(List<Location=): Unit

+ onViewCreated(View, Bundle?): Unit
+ onCreateView(Layoutinflater, ViewGroup?, Bundle?): View

itemCount: Int

<<data>>
data Map

shapes: List<Latl ng>
ukuran: Double
id: Int

FragMapViewModel

)

FragMap

+ onAllShapeRemove(): Unit
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+ onClick(View?): Unit
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+ onOptionsitemSelected(Menultem): Boolean
I + onMapReady(GoogleMap): Unit
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- updateShapeSizeTotal(ShapeType). Unit

+ onShapeRemoveModeEnabled(Boolean): Unit

+ onShapeRemoveBefore(ShapeType, Int, Int): Unit

+ onCreateOptionsMenu(Menu, Menulnflater): Unit
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binding: FragMapBinding
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Figure 5. A class diagram of the Location and Area page
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2.2. Electrical Load Page

The Electrical Load page allows users to add electrical loads or appliances by clicking the <Add’ button
to enter their name, amount, active power, and operational hours. The tool calculates operational hours by
subtracting on-time and off-time. Users can input various appliance data to gather a 24-hour electrical load on
their premises. This data generates daily electrical load data and curves, estimating self-consumed PV energy and
excess energy sent back to the grid.

2.3. Technical Parameters Page

The Technical Parameters page on the rooftop PV system installation tool allows users to input various
technical parameters, including installed PLN contracted power capacity (VA), maximum rooftop PV capacity,
(Watt-peak, Wp), module size (m?), PV module efficiency (%), nominal operating cell temperature (°C), and
temperature coefficient of power (%/°C). Other parameters include tilt angle (°), azimuth (0° = South, 90° = West,
-90° = East), and annual power output reduction (%). The tool allows users to change the parameters and define
settings for their installation plan but also provides default values for simulation. This helps in calculating the
system's output power hourly and performing economic evaluations. Irradiance data is crucial for calculating
rooftop PV system output power. KawanSurya uses the PVGIS API to obtain data from the PVGIS SARAH-
2 dataset [24], which contains sun irradiance data from 2005 to 2016. Retrofit is used to create an APl request
with parameters like latitude, longitude, month, output format, local time, global, angle, aspect, and
temperatures. Figure 6 shows a part of the code created to retrieve the solar irradiance dataset for a specific
place from PVGIS.

interface Apilnterface {
@GET("api/v5.2/DRcalc")

fun getDatas(@Query("lat") lat: Double,
@Query("lon") lon: Double,
@Query("month") month: Int,
@Query("ouputformat") ouputFormat: String,
@Query("localtime") localtime: Int,
@Query("global") global: Int,
@Query("angle") angle: Double,
@Query("aspect") aspect: Double,
@Query("showtemperatures") temp: Int
) : Call<ResponseData>
}
object RetrofitHelper {

val baseUrl = "https://re.jrc.ec.europa.eu/"

fun getInstance(): Retrofit {
return Retrofit.Builder().baseUrl(baseUrl)
.addConverterFactory(GsonConverterFactory.create())
.build()
¥
¥
private fun getDatas() {
val api = RetrofitHelper.getInstance().create(ApiInterface::class.java)
val viewModel2 = ViewModelProvider(this)[FragMapViewModel: :class.javal
lifecycleScope.launch {
var lat: Double
var lon: Double
viewModel2.getAllShapes().collect {
if (it.isNotEmpty()) {

lat = it[it.size - 1].shapes[0].latitude
lon = it[it.size - 1].shapes[@].longitude

binding.tvLatlon.text = "%.5f, %.5f".format(lat, lon)

var angle: Double
var aspect: Double
var dayaKontrak: String
val viewModell =
ViewModelProvider(this@KalkulasiFragment) [DpdViewModel: :class.javal
viewModell.getDpd()?.observe(viewLifecycleOwner) { dpd ->
if (dpd != null) {
angle = dpd.angle
aspect = dpd.azimuth
dayaKontrak = dpd.dayaKontrak

Figure 6. A screenshot of coding for retrieving the solar irradiance dataset

2.4. Location and Area Page

The Location and Area page allows users to estimate the available roof area for solar PV modules by
drawing a polygon and clicking on the areas on the house's roof. The program uses the MapDrawingManager
library to compute the area, which is an effective area considering 80% of the true size of the measured polygon.
Figure 7 depicts a screenshot of the house coordinates and roof area in KawanSurya. It especially indicates the
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house’s coordinates of -7.295° (South Latitude) and 112.726° (East Longitude), as well as the calculated usable
roof area of 18.27 m?. This usable roof space shows 80% of the total area within the polygon for installation
feasibility purposes. The program uses the site's coordinates and the roof area to provide accurate information.

Lat, Long
-7.295, 12.726
Area : 18.27 meter?

Figure 7. Screenshot of the location and roof area in KawanSurya

2.5. PV Output Power

KawanSurya calculates rooftop PV output power using the HOMER software's equation, considering
factors like derating factor and solar absorptivity and transmittance. The derating factor considers factors like
panel dirt, wire loss, shadowing, snow coverage, and aging. The tool calculates an estimated value of 0.77 [25]
to determine the impact of these parameters on the performance of the rooftop PV system. Solar absorptivity
and transmittance are calculated using the product of 0.9 or 90% [26]. The equations used to determine rooftop
PV output power and PV cell temperature are as follows.

Ppy = Ypy fpy (ﬁ) [1+ a,(T, — T¢src)l (1)
where Ppy, is PV output (KW); Ypy, is rated capacity solar PV array in standard test conditions (KW); fpy is a
derating factor (%); G is the solar radiation incident on the PV array in the current time step (KW/m?); G sr¢
is the incident radiation at standard test conditions (1 kW/m?); ay, is the temperature coefficient of power
(%/°C); T, is the PV cell temperature in the current time step (°C); and T sr¢ is the PV cell temperature under
standard test conditions (25°C).

Gr Ump,sTc(1-apTcsTc)
Ta+(Tc,NOCT—Ta,NDCT)(GT NDCT)(l p

GT )(aprlmp,STC) (2)

GT,NOCT Ta

T, =

1+(Tc,NOCT—Ta,NOCT)(

where T, is the PV cell temperature (°C); T, is the ambient temperature (°C); T, yocr is the nominal operating
cell temperature (°C); T, yocr is the ambient temperature at which the NOCT is defined (20°C); G is the solar
radiation striking the PV array (KW/m?); G yocr is the solar radiation at which the NOCT is defined (0.8
KW/m?); 1),,,, s7c is the maximum power point efficiency under standard test conditions (%); a,, is temperature
coefficient of power (%); T¢ src is the cell temperature under standard test conditions (25°C); t is the solar
transmittance of any cover over the PV array (%); a is the solar absorptance of the PV array (%).

The tool predicts solar PV's electricity output power over multiple years, considering yearly power loss using
the following equation.
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PVout year n = PVout yearty X (1 — yearly rate of PV, degradation (%)) X (n — 1) (3)

2.6. Solar PV Capacity and Module Quantity

The tool limits solar PV module capacity to 100% of a household's contracted electricity [27]. The
size of the roof is multiplied by 80% to simplify installation and maintenance. The tool determines the number
of modules and PV capacity by comparing the maximum power generated by all solar modules with the user's
maximum power (Watt-peak) or with a 100% permitted capacity equal to the household contracted power.

2.7. Economic Parameters Page

The Economic Parameters page allows users to define the economic parameters of a rooftop PV
system, including inverter price, lifetime, capital cost, electricity price, feed-in tariff, annual O&M cost, annual
electricity price increase, inflation rate, discount rate, and project lifetime, for economic analysis purposes.

KawanSurya uses payback period analysis to evaluate the economic feasibility of monocrystalline
silicon-based PV module systems [28], [29], in addition to Return on Investment (ROI) and Net Present Value
(NPV). The study includes simple and discounted payback periods, with the present value (PV) calculated
using an assumed interest rate [30]. The discount factor (DF) is based on the assumed discount rate. ROI
measures the profitability of the system, defined as the ratio of net benefits (NPV) to the initial investment. A
negative ROI indicates the investment is not profitable. The equations for calculating the simple or discounted
payback period, ROI, and NPV are as follows.

_ ccNb | _ . _ a\ _ \n

PP = Nb+20: PV = S X Fpy; DF—(1+100) JF = (1 +0) @)
_oa+im, _ _ . _ NPV

FPW - 1+’ NPV _ZPVincome ZPVcostv ROI = Capital Cost (5)

where PP is payback period; Nb is the year before recovery; ccNb is cumulative cash flow in the year before
recovery; and ncNa is net cash flow in the year after recovery; PV is the present value of S in year n; S is cash
flow in the year n; Fpy, is a present worth factor in the year n; i is inflation rate; d is the discount rate; n is year.

3. RESULTS AND DISCUSSION

This section presents the simulation results conducted on KawanSurya, focusing on testing features
and obtaining techno-economic results. Initial tests were performed to verify and validate the application's
functionality, including processing electrical load data and retrieving solar irradiance data using an API. The
findings and implications of these tests are discussed in detail.

3.1. Preliminary Tests on Electrical Loading and Solar Irradiance Data Retrieval

The electrical loading test evaluates the data gathering and processing for all appliances in a tool. The
information is recorded in a local database and used during computation. The testing ensures accurate retrieval
and processing of the data by adjusting the debug log level on the Calculation page. The testing uses database-
based electrical load data, listing appliances, power, on-time, and off-time. The tool calculates operating hours
based on these values, resulting in 2 hours of operation for a given on-time value of 1 and off-time value of 3.

Solar irradiance data retrieval through API is tested to determine whether the geographical location
entered the tool and the retrieval of solar irradiance data. The tool considers solar irradiation in terms of the
average monthly sum of global irradiation (GI) per square meter received by the modules (W/m2/month). It is
conducted by carrying out the debug log level. The testing site is at latitude 3.589 and longitude 114.893, with
a tilt angle of 30° and azimuth of 0° (South facing). Table 1 provides examples of data submitted for processing
electrical load data, including the outcome of each appliance’s operational period, whereas Table 2 presents an
example of the testing results for hourly temporal-based electrical load data processing. The test results are
then used as a reference for the next tests.

Table 1. Examples of data entered for processing the electrical load data

Electrical - Wattage Operational .
Load Quantity ) Hours Duration
a 4 99 05:00 — 07:00 2.25 hours
b 5 100 10:00 — 02:00 16 hours
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Table 2. Testing results of electrical load data processing

- Wattage - Wattage - Wattage
Time (W) Time (W) Time (W)
00:00 500 08:00 0 16:00 500
01:00 500 09:00 0 17:00 500
02:00 0 10:00 500 18:00 500
03:00 0 11:00 500 19:00 500
04:00 0 12:00 500 20:00 500
05:00 396 13:00 500 21:00 500
06:00 396 14:00 500 22:00 500
07:00 99 15:00 500 23:00 500

Table 3 shows the debug log results of the location together with the corresponding irradiance data.
The GI data originates from PVGIS’s default solar characteristics dataset for the region, the PVGIS-SARAH
dataset which spans the years 2005 to 2016 and is available on an hourly temporal basis.

Table 3. Testing results of the average monthly sum of global irradiation data retrieval

Time Gl (W/m?) Time Gl (W/m?) Time Gl (W/m?)
00:00 0 08:00 1,519.71 16:00 3,582.74
01:00 0 09:00 2,898.66 17:00 1,968.99
02:00 0 10:00 5,058.98 18:00 533.57
03:00 0 11:00 6,803.24 19:00 0
04:00 0 12:00 7,669.45 20:00 0
05:00 0 13:00 7,561.26 21:00 0
06:00 0 14:00 6,626.56 22:00 0
07:00 83.92 15:00 5,193.40 23:00 0

3.2. Simulation Settings and Results

This study begins with entering a list of electrical loads for the house’s intended installation.
KawanSurya can handle a wide range of electrical loads since it does not limit the household’s maximum
power capacity (contract power). It explores low maximum power capacity scenarios in households and the
potential techno-economic implications of on-grid rooftop PV systems. It includes six policy-setting scenarios,
incorporating bill reduction factors, inflation, increased electricity tariffs, and load profile.

Simulation-1 (S-1) is a case study for a household with a contracted power of 2,200 VA, assuming
standard appliances like a refrigerator, rice cooker, ironing device, water pump, washing machine, water heater,
air conditioners, television, laptops, and lamps. This study employs a house with a 2,200 VA power contract in
Tropodo, Sidoarjo Regency, East Java, as a case study. It particularly highlights the polygon drawn on the West-
facing area of the roof to mount the PV. The user interface displays the house’s latitude and longitude (-7.360 and
112.754, respectively), as well as the usable roof area (23.9 m?). Table 4 shows electrical loads in the household,
including quantity, wattage, on-time, and off-time. Proper measurements or observations are required for more
accurate simulation results.

Table 4. Electrical loads in a household with a 2,200V A power contract

Electrical load Quantity Wattage On-time Off-time
Refrigerator 1 80 24 hours -
Rice cooker 1 300 17:00 17:40
Iron 1 300 09:00 10:00
Water pump 1 600 07:00 08:30
Washing machine 1 150 08:00 09:00
Laptop 2 100 20:00 22:00
Water heater 1 500 05:30 06:30
AC %2 hp 2 375 20:00 05:30
AC1lhp 1 750 20:00 05:30
TV 1 80 20:00 22:00
Lamp 15 10 17:30 22:00
Lamp 5 10 22:00 05:30

The technical and economic parameter settings are based on the specifications of a 100 Wp
monocrystalline solar PV module [30]. The module's datasheet outlines its size, capacity, efficiency, NOCT, and
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annual output power reduction. The simulation uses a 30° roof tilt angle and 90° azimuth, with the azimuth facing
west, as provided by the PVGIS input API [20]. Economic parameters include inverter prices, a system capital
cost, electricity prices, export electricity prices, and annual operation and maintenance costs.

The economic parameters include inverter prices, system capital costs, electricity prices, export
electricity prices, and O&M costs per year. The inverter costs IDR 4,290,000, 13% of the total system capital
cost. The discount rate is 5%, annual growth on electricity price is 0%, and inflation is 0%. These parameters will
be investigated further in the following scenarios. The O&M cost for a PV system is IDR 0, assuming it's simple
and owner-managed. The electricity price is based on a 2,200 VA power contract, with a 100% sellback rate for
electricity export to the grid. The tool can support a 0% sellback rate if a policy change prevents rooftop PV
owners from exporting electricity to the network. The investment cost for installing 1 kWp of rooftop PV is IDR
15 million, totalling IDR 33 million. Table 5 presents the technical and economic parameters for S-1.

Table 5. Technical and economic parameters of S-1

Parameter Unit Value
Contracted power capacity VA 2,200
Maximum rooftop PV capacity Wp 2,200
Size per PV module m?2 0.67
Capacity per PV module Wp 100
PV module efficiency (STC) % 14.92
Nominal Operating Cell Temperature °C 45
Temperature coefficient of power %/°C -0.39
Tilt angle deg® 30
Azimuth deg® 90
Output power reduction per year % 0.8
Inverter price IDR 4,290,000
Inverter lifetime Year 15
System capital cost (exclude inverter price) IDR 28,710,000
Electricity price IDR 1,444.7
Export electricity price IDR 1,444.7
Electricity price increase per year % 0
Inflation % 0
O&M cost per year IDR 0
Discount rate % 5
Project lifetime Year 25

KawanSurya's techno-economic analysis is divided into four sections: User Baseline, PV System,
Load Profile Scenario with Daily PV Output, and Investment. The user baseline includes the daily load curve,
geographic coordinates, roof size, contracted power, and total electrical load per day, month, and year. For the
case of S-1 and given the selected location, they are 19.83 kWh, 603.56 kWh, and 7246.76 kWh, respectively.
The load curve generated from this data is used to calculate electricity export, billing, and savings from the PV
system.

The PV system part includes simulation results for module number, total capacity, needed area, tilt
angle, azimuth, hourly output curve, and total output over project lifetime. The output curve is generated using
irradiation data from the PVGIS API and technical parameters. The calculation shows that the installed capacity
is limited to a contracted power of 2,200 VA. The necessary area is smaller than the available area. An asterisk
(*) indicates that the total PV output was calculated before any reduction in power output. The total PV output,
calculated before any reduction in power output, is 7.95 kWh/day, 241.90 kwWh/month, and 2902.83 kWh/year
in this scenario. The graph below shows the decrease in PV output power over the project's lifetime, using a
technical parameter of 0.8% power output reduction per year.

The load curve scenario with daily PV output generates simulation results for the hourly electricity load
after PV installation, the portion covered by PV, and the amount of electricity exported from PV to the grid. The
total electrical load after PV installation is 18.23 kWh/day, 554.99 kWh per month, and 6,659.93 kWh/year, while
PV meets a total electrical load of 1.60 kWh/day, 48.58 kWh/month, and 582.97 kWh annually. The total
electricity export is 6.35 kWh/day, 193.32 kWh/month, and 2,319.87 kWh annually.

The investment section analyses the economic feasibility of rooftop PV, revealing net savings of IDR
11,482/day, IDR 349,477/month, and IDR 4,193,725 annually. The monthly electricity bill before and after
installation is based on net savings from PV. The cash flow graph shows a discounted payback of 10.85 years at
a 5% discount rate, an ROI 0f 59.21%, and an NPV of IDR 19,539,262.80. The S-1 scenario results in a discounted
payback period of 10.74 years at a 5% discount rate and 100% bill reduction factor. However, successive
scenarios, including varying inflation rates and rising electricity bills, have influenced the system's discounted
payback period. Figure 8 exhibits the S-1 results displaying user interfaces of KawanSurya; (a) User Baseling,
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and (b) PV System, while Figure 9 depicts the user interface/results for the load profile scenario; (a), (b) showing
PV output and load profiles, and (c) investment section.

PV System
- Number of Modules : 2Pcs
2000
Total Capacity 1 2200 Wp
1600 Required Area i 14.74 meter®
00 - Tilt Angle, Azimuth 30, 90"
800
400 00
£
X:Hour Y: Wast e \
5.
0 ool - e
User Baseline
- Total PV Output *
- GPS Coordinates per Day : 795 kWh
Lat, Long 1 -7.35984, 112.75441 P Mo FMLI0 MiVh
per Year 1 290283 kWh
- Available Area : 2391 meter?
- Effective Area : 1913 meter? )
- Contract Capacity : 2200 VA 2000
- Total Electrical Load i
1000
per Day : 19.83 kWh i
per Month : 603.56 kWh i
) s = ®m W 2
per Year 1 7.242.76 kWh 19,179/0 Ouet Litim e
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Figure 8. The user interface of KawanSurya; (a) User Baseline, and (b) PV System of S-1
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Figure 9. The user interface/results of S-1 for the Load Profile Scenario; (a), (b) showing PV output and load
profiles, and (c) Investment

Simulation-2 (S-2) uses the same technical and economic parameters as S-1, resulting in a payback
period of 19.79 years, twice the prior period. This is due to a 65% bill reduction factor, which reduces the
power export price to 65% of the electricity rate per kWh. The modelled load profile shown in Figure 8 does
not support maximising solar PV energy usage during the day, particularly between 09:00 — 15.00.

Simulation-3 (S-3) adjusts the electrical load profile to a constant load while maintaining the 65% bill
reduction factor and other parameters from S-1. This scenario increases the energy supplied by the PV system to
offset the electrical load but reduces customer income from exporting electricity. The payback period is 11.79
years, or one year longer than S-1. The findings reveal that the amount of electrical load covered by the rooftop
PV system has changed, as has the amount of power exported. The overall electrical load is 13.12 kWh/day,
399.35 kWh/month, and 4,792.25 kWh/year. After PV installation, the electrical load is lower than in S-1.
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Simulation-4 (S-4) assumes a 2% inflation rate while leaving all other parameters the same as S-1.
The inclusion of inflation is intended to evaluate the effect of inflation on the payback period. Inflation can
negatively impact the economy but also benefit users by lowering the discount rate through power export to
the grid. The simulation results in a discounted payback period of 9.43 years, shorter than S-1 to S-3, allowing
investors to recover their initial investment sooner.

Simulation-5 (S-5) introduces a 2% annual increase in electricity tariffs while leaving all other
parameters the same as S-1. This scenario benefits rooftop PV users by increasing income received, and
calculating a discounted payback period of 9.66 years, assuming a 100% export rate. It should be noted that the
payback period for PV users can be reduced by adjusting their daily electrical load profile between 7 a.m. and 5
p.m. and increasing daytime usage to lower the cost impact on billing caused by evening and nighttime loading.

KawanSurya demonstrates that an investment's payback period can exceed the project's lifetime when
a rooftop PV system is installed. This is due to a set bottom limit on electricity bills, making the payback period
equal to the project lifetime. Any billing below this limit renders the system uneconomical. The simulation
shows that the discounted payback period cannot be calculated in this scenario, as it exceeds the project's
lifespan. Table 6 presents possible discounted payback periods under various scenarios, including bill reduction
factors, electricity load scenarios, inflation rates, increases in electricity tariffs, and minimum bill limits.

Table 6. Discounted payback periods due to different scenarios
Discounted payback

No. Scenario period (year)

1. Simulation-1 (S-1) 10.74

2. S-2: with 1 65% bill reduction factor 19.79

3. S-3: with a 65% bill reduction factor and constant electrical load 11.79

4. S-4: with a 2% inflation rate 9.43

5. S-5: with an annual increase of 2% in electricity tariff 9.66

6. S-6: minimum bill limit Exceed project lifetime

3.3. Discussions

KawanSurya evaluates on-grid rooftop PV systems, allowing users to select locations, calculate daily
load profiles, and measure roof area. It adapts to various scenarios based on technological and economic
parameters. Residential customers prefer systems with higher NPV and ROI, but decisions should also consider
the ROI and NPV of different scenarios and electrical load patterns. Higher daytime energy usage is preferred for
maximum electricity consumption. It should be noted that the discounted payback period of the simulated on-grid
rooftop PV system is significantly influenced by electrical load profiles and bill reduction factors. A 65% bill
reduction factor and the same load profile increase the discounted payback period. However, a 0% billing
reduction factor or no compensation for selling back electricity to the grid can exceed the discounted payback
period, making it advisable for rooftop PV system owners to increase electrical loading during the daytime.
Inflation rates can help residential projects achieve shorter payback periods without significantly impacting
financial cash flow, and well-compensated electricity exports are achieved regardless of daytime usage.

KawanSurya is an entry-level tool for assessing rooftop solar PV installation opportunities. Its utility is
limited as it does not consider temperature, dirt, shade, and weather conditions. More study is needed to increase
its capabilities and accuracy, as well as to broaden its capabilities to include off-grid and hybrid rooftop PV
systems and to incorporate other factors influencing system performance.

4.  CONCLUSION

The energy end-users understanding of the techno-economic potential of rooftop solar PV systems is one
of the important key aspects to increasing renewable energy penetrations, including rooftop solar PV systems.
Independent evaluation tools, such as KawanSurya, are essential to help customers assess the potential of rooftop
solar PV in their homes, especially in improving public knowledge and clearing up misperceptions about costly
technology tariffs. Residential customers can use KawanSurya to assess the techno-economic potential of
installing on-grid rooftop PV systems under several scenarios, including daily load profiles, changing maximum
allowable installed capacity, inflation, increased electricity tariffs, and billing reduction factors.

The tool has successfully performed the techno-economic analysis and generates relevant simulation
results. Simulation results for a typical 2,200 VA household show a payback period of 9.44 years or beyond,
significantly influenced by electrical load profiles and bill reduction factors. Allowing inflation rates in the
simulations will recover initial investment sooner. The 2% inflation rate resulted in a discounted payback period
of 9.43 years, shorter than the default scenario and a 65% billing reduction factor. Meanwhile, the annual increase
in electricity tariffs may benefit users by increasing income received, assuming a 100% export rate. The payback
period can be reduced by adjusting the daily electrical load profile between 7 a.m. and 5 p.m. and increasing
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daytime usage. Future work to improve the tool’s capability may include factors addition that may influence
analysis results scenario comparisons.
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Many developing countries, including Indonesia, are progressing poorly in
residential rooftop PV adoption, including on-grid systems. On the customer
side, the decision to implement on-grid rooftop PV or rely only on power from
the utility grid has often been made without appropriate knowledge of techno-
economic considerations. This includes the impression of high system costs.
This paper introduces KawanSurya: PV Calculator, a solar rooftop PV techno-
economic application for Android mobile phones, designed to help residential
customers assess the potential of installing on-grid rooftop PV systems. The
tool allows users to select a specific geographic location, calculate daily load
profiles, and determine available roof areas. It uses irradiance data from the
PVGIS API and HOMER's solar PV output equation to determine hourly PV
output power. Simulation results for a typical 2,200 VA household show a
payback period of 9.44 years or beyond, significantly influenced by electrical

load profiles and bill reduction factors. A 65% bill reduction factor and similar
load profile prolong the payback period, while a 0% billing reduction factor
or uncompensated electricity sales may exceed the project's lifetime.

Android application
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1. INTRODUCTION

The Paris Agreement aims to reduce global greenhouse gas emissions to keep global temperature rise
below 2°C and 1.5°C [1]. The electricity industry is transitioning to renewable energy technology, with
renewable energy accounting for over 83% of additional capacity in 2022. Wind and solar, including rooftop
PV, account for 91% of additional capacity [2], [3]. Proper legislation and support are crucial for rooftop solar
photovoltaics to reduce greenhouse gas emissions [4]. Indonesia, like many developing nations, is making slow
progress in residential rooftop PV adoption. The Indonesian government aims to achieve a 23% renewable
energy mix by 2025, including 3.6 GW of rooftop PV [5]. However, achieving this target is challenging due to
slow installed capacity [6]. The potential for solar rooftop PV adoption is positive due to cost reductions
worldwide [7]. Capacity deployment requires supportive policies, comprehensive information dissemination,
and government incentives [8], [9].

Numerous studies have identified challenges to residential rooftop PV adoption, including economic,
technical, and social barriers, primarily focusing on monetary costs and benefits [10], knowledge and information
aspects [11], and social and regulatory aspects [12]. In Indonesia, these include high initial investment costs, lack
of access to installation services, information availability, disadvantageous PV export tariffs, and policy
inconsistencies [13]. Improving public knowledge and clearing up misperceptions about costly technology tariffs
and policy inconsistencies are among the important efforts to increase rooftop PV deployment [10]. Residential
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customers are increasingly considering solar PV energy to reduce electricity bills. However, technical and
economic factors like usage compared to total electricity consumption and investment feasibility are crucial.
Customers need a tool that provides an adequate system overview to assess the techno-economic potential of
installing rooftop PV. Limited, independent applications and tools are available to help customers assess the
potential of solar rooftop PV in their homes.

PVGIS [14] and PVWatts Calculator [15] are web-based tools developed by the European Commission
and The National Renewable Energy Laboratory to assess the performance of solar power (PV) systems in specific
geographic regions. They are used in rooftop PV techno-economic studies to compare the performance of free-
standing and rooftop PV systems in different climatic zones [16] and evaluate residential PV systems with tiered
rates and net metering [17]. PVGIS provides simulation outputs like yearly PV energy output, variability,
electricity cost, monthly PV energy output, and horizon outline, but does not consider user load profile, resulting
in the system's payback period. PVWatts offers an optional analysis considering roof area but does not account
for user load profile. SolarHub [18], an Indonesian rooftop PV calculator, estimates solar PV capacity, energy
generation, system costs, roof area, CO, emissions, and payback period.

This paper introduces KawanSurya: PV Calculator (which in English means ‘solar friend’), a free
Android tool for evaluating potential PV installations on-grid rooftops. The tool allows users to select a specific
location, calculate daily load profiles, measure roof area, and calculate hourly PV output power using irradiation
data from the PVGIS API [19] and HOMER's PV output equation [20], while also including the effect of shading
[21] through the derating factor. The tool is designed to be a useful alternative to web-based applications for
information dissemination about rooftop PV. The paper presents a methodological contribution to renewable
energy literature, focusing on customer education and information dissemination on rooftop solar PV. It is
intended for Indonesia's residential sector but can be used to simulate installation potential in other jurisdictions.
The paper is structured into sections, including design method, results, discussions, and conclusions.

2. METHOD

2.1. Development, Navigation and Database of KawanSurya

KawanSurya is an Android tool designed for data processing, calculation, and user interface
components. It is built using Kotlin, the native high-level programming language for Android, and Android Studio
for data processing. The tool is intended for Android versions 8 to 13. The interface is organised into five main
sections: Electrical Load, Location and Area, Technical Parameters, Economic Parameters, and Calculation. An
Information page and user guide are also available. Figure 1 depicts the Android-based user interface of
KawanSurya; (a) in English, and (b) in Bahasa Indonesia after it has been downloaded and run.

Electricol Load Location & Area Beban Listrik Lokosi & Luos

Technical Poramete:

® B © B
(im Calculation % Kalkulasi

(a) (b)
Figure 1. The Android-based user interface of KawanSurya; (a) in English, and (b) in Bahasa Indonesia
The KawanSurya App is available online and can be downloaded from the following link:

https://play.google.com/store/apps/details?id=com.christophermarvel.pvcalc. KawanSurya is a comprehensive
tool for estimating the techno-economic potential of an on-grid rooftop solar PV system, involving user input,
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irradiance data retrieval, energy production calculation, daily load curve generation, PV system output power
computation, and outcomes presentation, based on household appliances, operation hours, technical parameters,
roof area, and location. The PVGIS API retrieves irradiance data from 2005 to 2016, with a one-hour time step.
The tool calculates energy production, generates a daily load curve, and determines the required area for rooftop
PV installations. It calculates Net Present Value (NPV), Return on Investment (ROI), payback period, and cash
flow. Finally, the tool displays all the results, providing a comprehensive overview of the solar PV system's
potential. Figure 2 depicts the flowchart for KawanSurya. It particularly shows stages for using the tool, which
include entering the appropriate parameters, computing inputs, and presenting outcomes.

User Input Electrical Load, Location & Roof Area
Technical Parameters, dan Economic Parameters

Local
Database

PV Qutput Graph

v

Load Profile & PV
Output Scenario

v

Cash Flow Graph

Load Profile
Graph
PV Qutput
Calculation

API Call
Irradiance Data

Ye!

Edit Input
Data?

Y

I

Economic Analysis Calculation :
cashflow, savings, payback peried
ROI, and NPV

h
Module Count
Calculation

¥ i

Maximum PV
Capacity Calculation

No
Calculation / Display Calculation Output /

Edit Input
i Data?

Figure 2. Flowchart of KawanSurya

KawanSurya is designed to demonstrate the techno-economic feasibility of an on-grid rooftop PV
installation. Its user interface is designed with either low- or high-fidelity wireframes to merge practical and
aesthetic aspects. KawanSurya uses Room Database, a library provided by Android Jetpack [22], to process a
local database. Room Database is built on top of SQLite [23], a database engine used in Android applications.
The tool has four distinct entities: Task, Dpd, Eko, and Map. Users can specify the tables to contain data for
each entity. Navigation and class diagrams depict the system structure, with a class diagram of the Location
and Area page. Figure 3 and Figure 4 show the navigation diagrams for KawanSurya and the developed database
for the tool, respectively. Meanwhile, Figure 5 shows a class diagram of the Location and Area page.

{ Homepage H Homepage Info

[ \ | |

Location and Technical Economic
Roof Area Parameters Parameters

Technical
Parameter Info

Electrical Load ] Calculation ]

|

Calculation Info ]

Edit/add

. ti
Electrical Location and

Roof Area Info

Economic
Parameters Info

Electrical Load
Info

Load

Figure 3. KawanSurya navigation diagram
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LocalDatabase

+mapDao(): MapDao
+ taskDao(): TaskDao
+dpdDao(): DpdDao
+ ekoDao(): EkoDao

¥

<<data>> <<data>>
<<data>> <<data>> data Eko data Dpd
data Map data Task
n Listetatl hargalistrik: Double dayaKontrak: String
shapes. Lisl<LalLng> name: String lifetimelnverter: Double azimuth: Double
ukuran: Double created: Long enmCost: Double kapasitasModul: Double
id: Int jammati: String capitalCost: Double sizeModul- Double
shapes jumiah: String lifetime: Double efisiensi: Double
4 completed: Boolean inflasiListrik: Double noct: Double
prsrere. wattage: String ) inflasi: Double angle: Double
data LatLng createdDateFormatted: String hargalnverter: Double id- Int
: jamnyala: String discountRate: Double dayapv: Double
latitude: Double id: Int id: Int tempCoef: Double
Double hargaJual: Double powerRed: Double
Figure 4. KawanSurya database scheme
LocationAdapter Lokasilnfo
+ onBindViewHolder{ViewHolder, Int): Unit + onViewCreated(View, Bundle?): Unit
+ onCreateViewHolder(ViewGroup, Int): ViewHolder + onCreateView(Layoutinflater, ViewGroup?, Bundle?): View
+ updateDala(List<Location=): Unit
itemCount: Int
FragMap
+ onShapeCompleled(ShapeType, String, ArrayList<LalLngMap=, Double): Unit
FragMapViewModel + onAllShapeRemove(): Unit
i + onOptionsitemSelected(Menultem): Boolean
+ clearShape(): Unit + onMapReady(GoogleMap): Unit
+ insertMapShape(Map): Unit + onViewCreated(View, Bundle?): Unit
allShapes: Flow<List<Map>> - updateShapeSizeTotal(ShapeType). Unit
+ onShapeRemoveModeEnabled(Boolean): Unit
<<data=>

data Map + onClick(View?): Unit

+ onShapeRemoveBefore(ShapeType, Int, Int): Unit
+ onCreateOptionsMenu(Menu, Menulnflater): Unit
+ onShapeRemoveAfter(Boolean): Unit

shapes: List<Latl ng>
ukuran: Double

id: Int <<data>>
data LatLng

+ onCreateView(Layoutinflater, ViewGroup?, Bundle?): View
+ onShapeUpdated(ShapeType, String): Unit

latitude: Double

binding: FragMapBinding
longitude: Double

viewModel: FragMapViewModel

Figure 5. A class diagram of the Location and Area page

2.2. Electrical Load Page

The Electrical Load page allows users to add electrical loads or appliances by clicking the ‘Add’ button
to enter their name, amount, active power, and operational hours. The tool calculates operational hours by
subtracting On-time and Off-time. Users can input various appliance data to gather a 24-hour electrical load on
their premises. This data generates daily electrical load data and curves, estimating self-consumed PV energy and
excess energy sent back to the grid.

2.3. Technical Parameters Page

The Technical Parameters page on the rooftop PV system installation tool allows users to input various
technical parameters, including installed PLN contracted power capacity (VA), maximum rooftop PV capacity,
(Watt-peak, Wp), module size (m?), PV module efficiency (%), nominal operating cell temperature (°C), and
temperature coefficient of power (%/°C). Other parameters include tilt angle (°), azimuth (0° = South, 90° = West,
-90° = East), and annual power output reduction (%). The tool allows users to change the parameters and define
settings for their installation plan but also provides default values for simulation. This helps in calculating the
system's hourly power output and evaluating economic performance. Irradiance data is crucial for calculating
rooftop PV system output power. KawanSurya uses the PVGIS API to obtain data from the PVGIS SARAH-
2 dataset [24], which contains sun irradiance data from 2005 to 2016. Retrofit is used to create an API request
with parameters like latitude, longitude, month, output format, local time, global, angle, aspect, and
temperatures. Figure 6 shows a part of the code created to retrieve the solar irradiance dataset for a specific
place from PVGIS.
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interface Apilnterface {
@GET("api/v5_2/DRcalc")

fun getDatas(@Query("lat") lat: Double,
@Query("lon") lon: Double,
@Query("month") month: Int,
@Query("ouputformat") ouputFormat: String,
@Query("localtime") localtime: Int,
@Query("global") global: Int,
@Query("angle") angle: Double,
@Query("aspect") aspect: Double,
@Query("showtemperatures") temp: Int
) : Call<ResponseData>
}
object RetrofitHelper {

val baseUrl = "https://re.jrc.ec.europa.eu/"

fun getInstance(): Retrofit {
return Retrofit.Buildex().baseUrl(baseUrl)
.addConverterFactory(GsonConverterFactory.create())
.build()
}
}
private fun getDatas() {
val api = RetrofitHelper.getInstance().create(ApiInterface::class.java)
val viewModel2 = ViewModelProvider(this)[FragMapViewModel: :class.javal
lifecycleScope.launch {
var lat: Double
var lon: Double
viewModel2.getAllShapes().collect {
if (it.isNotEmpty()) {

lat = it[it.size - 1].shapes[0].latitude
lon = it[it.size - 1].shapes[0].longitude

binding.tvLatlon.text = "%.5f, %.5f".format(lat, lon)

Figure 6. A screenshot of coding for retrieving the solar irradiance dataset

2.4. PV Output Power, Solar PV Capacity and Module Quantity

KawanSurya calculates rooftop PV output power using the HOMER software's equation, considering
factors like derating factor and solar absorptivity and transmittance. The derating factor considers panel dirt,
wire loss, shadowing, snow coverage, and aging. The tool calculates an estimated value of 0.77 [25] to
determine the impact of these parameters on the performance of the rooftop PV system. Solar absorptivity and
transmittance are calculated using the product of 0.9 or 90% [26]. The equations used to determine rooftop PV
output power and PV cell temperature are as follows.

Ppy = Yoy fpy ( ) [1+ ap(T, — T¢,s7c)] (D

T
Gr.sTC
where Ppy is PV output (kW); Ypy is rated capacity solar PV array in standard test conditions (kW); fpy is a
derating factor (%); Gy is the solar radiation incident on the PV array in the current time step (kW/m?); Grsrc
is the incident radiation at standard test conditions (1 kW/m?); a,, is the temperature coefficient of power
(%/°C); T, is the PV cell temperature in the current time step (°C); and T¢ s7¢ is the PV cell temperature under
standard test conditions (25°C).

GT Nnp,sTc(1-apTe,sTc)
Ta+(Tc,N0(:T—Ta,NOCT)(GT NOCT)(l =

Gr )(apqmp,src) (2)

GT.NOCT Ta

T, =

1+ (Tc,NOCT—Ta,NOCT)(

where T, is the PV cell temperature (°C); T, is the ambient temperature (°C); T, yocr is the nominal operating
cell temperature (°C); Ty yocr is the ambient temperature at which the NOCT is defined (20°C); G is the solar
radiation striking the PV array (kW/m?); Gy yocr is the solar radiation at which the NOCT is defined (0.8
kW/m?); Ny s7c is the maximum power point efficiency under standard test conditions (%); a,, is temperature
coefficient of power (%); T¢ src¢ is the cell temperature under standard test conditions (25°C); T is the solar
transmittance of any cover over the PV array (%); « is the solar absorptance of the PV array (%). The tool
predicts solar PV's electricity output power over multiple years, considering yearly power loss using the
following equation.

PVout yearn = PVout yearty X (1 — yearly rate of PV, degradation (%)) X (n — 1) 3)
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The tool limits solar PV module capacity to 100% of a household's contracted electricity [27]. The tool
determines the number of modules and PV capacity by comparing the maximum power generated by all solar
modules with the user's maximum power (Watt-peak) or a 100% permitted capacity equal to the household
contracted power.

2.5. Location and Area Page

The Location and Area page allows users to estimate the available roof area for solar PV modules by
drawing a polygon and clicking on the areas on the house's roof. The program uses the MapDrawingManager
library to compute the area, which is an effective area considering 80% of the true size of the measured polygon.
This usable roof space shows 80% of the total area within the polygon for installation and maintenance purposes.
The program uses the site's coordinates and the roof area to provide accurate information. Figure 8 (a) in Section
3.2 shows a screenshot of the house's location and roof area displayed in KawanSurya.

2.6. Economic Parameters Page

The Economic Parameters page allows users to define the economic parameters of a rooftop PV
system, including inverter price, lifetime, capital cost, electricity price, feed-in tariff, annual O&M cost, annual
electricity price increase, inflation rate, discount rate, and project lifetime, for economic analysis purposes.
KawanSurya uses payback period analysis to evaluate the economic feasibility of monocrystalline silicon-
based PV module systems [28], [29], in addition to Return on Investment (ROI) and Net Present Value (NPV).

The study includes simple and discounted payback periods, with the present value (PV) calculated
using an assumed interest rate [30]. The discount factor (DF) is based on the assumed discount rate. ROI
measures the profitability of the system, defined as the ratio of net benefits (NPV) to the initial investment. A
negative ROI indicates the investment is not profitable. The equations for calculating the simple or discounted
payback period, ROI, and NPV are as follows.

_ ccNb | _ . _ d —n' _ P\
PP = Nb+202: PV = S X Foy: DF—(1+—100) JIF = (1 + 1) 4)
@+t _ _ . _ NPV
FPW - (1+d)n’ NPV = ZPVincome ZPVCOStn ROI = Capital Cost (5)

where PP is payback period; Nb is the year before recovery; ccNb is cumulative cash flow in the year before
recovery; and ncNa is net cash flow in the year after recovery; PV is the present value of S in year n; S is cash
flow in the year n; Fpy, is a present worth factor in the year n; i is inflation rate; d is the discount rate; n is year.

3. RESULTS AND DISCUSSION

This section presents the simulation results conducted on KawanSurya, focusing on testing features
and obtaining techno-economic results. Initial tests were performed to verify and validate the application's
functionality, including processing electrical load data and retrieving solar irradiance data using an API. The
findings and implications of these tests are discussed in detail.

3.1. Preliminary Tests on Electrical Loading and Solar Irradiance Data Retrieval

The electrical loading test evaluates the data gathering and processing for all appliances in a tool. The
information is recorded in a local database and used during computation. The testing ensures accurate retrieval
and processing of the data by adjusting the debug log level on the Calculation page. The testing uses database-
based electrical load data, listing appliances, power, On-time, and Off-time. The tool calculates operating hours
based on these values, resulting in 2 hours of operation for an On-time value of 1 and an Off-time value of 3.

Solar irradiance data retrieval through API is tested to determine whether the geographical location
entered the tool and the retrieval of solar irradiance data. The tool considers solar irradiation in terms of the
average monthly sum of global irradiation (GI) per square meter received by the modules (W/m?/month). It is
conducted by carrying out the debug log level. The testing site is at latitude 3.589 and longitude 114.893, with
a tilt angle of 30° and azimuth of 0° (South facing).

Table 1 and Table 2 provide examples of data submitted for processing electrical load data, including
the outcome of each appliance’s operational period, and an example of the testing results for hourly temporal-
based electrical load data processing, respectively. Meanwhile, Table 3 shows the locations debug log results,
along with the corresponding irradiance data. The GI data originates from PVGIS’s default solar dataset for
the region, the PVGIS-SARAH dataset, which spans 2005 to 2016 and is available on an hourly temporal basis.

Bulletin of Electr Eng & Inf, Vol. 99, No. 1, Month 2099: 1-1x
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Table 1. Examples of data entered for processing the electrical load data

Electrical . Wattage Operational .
Load Quantity (W) Hours Duration
a 4 99 05:00 - 07:00 2.25 hours
b 5 100 10:00 — 02:00 16 hours

Table 2. Testing results of electrical load data processing

. Wattage . Wattage . Wattage
Time W) Time (W) Time W)
00:00 500 08:00 0 16:00 500
01:00 500 09:00 0 17:00 500
02:00 0 10:00 500 18:00 500
03:00 0 11:00 500 19:00 500
04:00 0 12:00 500 20:00 500
05:00 396 13:00 500 21:00 500
06:00 396 14:00 500 22:00 500
07:00 99 15:00 500 23:00 500

Table 3. Testing results of the average monthly sum of global irradiation data retrieval

Time GI (W/m?) Time GI (W/m?) Time GI (W/m?)
00:00 0 08:00 1,519.71 16:00 3,582.74
01:00 0 09:00 2,898.66 17:00 1,968.99
02:00 0 10:00 5,058.98 18:00 533.57
03:00 0 11:00 6,803.24 19:00 0
04:00 0 12:00 7,669.45 20:00 0
05:00 0 13:00 7,561.26 21:00 0
06:00 0 14:00 6,626.56 22:00 0
07:00 83.92 15:00 5,193.40 23:00 0

3.2. Simulation Settings and Results

The study explores the techno-economic implications of on-grid rooftop PV systems in households,
considering low maximum power capacity scenarios and six policy-setting scenarios. It considers bill reduction,
inflation, increased electricity tariffs, and load profile. Table 4 shows electrical loads in the household, including
quantity, wattage, and On-time — Off-time.

Table 4. Electrical loads in a household with a 2,200VA power contract

Electrical load Quantity Wattage On-time Off-time
Refrigerator 1 80 24 hours -
Rice cooker 1 300 17:00 17:40
Iron 1 300 09:00 10:00
Water pump 1 600 07:00 08:30
Washing machine 1 150 08:00 09:00
Laptop 2 100 20:00 22:00
Water heater 1 500 05:30 06:30
AC 2 hp 2 375 20:00 05:30
AC 1hp 1 750 20:00 05:30
vV 1 80 20:00 22:00
Lamp 15 10 17:30 22:00
Lamp 5 10 22:00 05:30

Simulation-1 (S-1) is a case study of a household with a 2,200 VA power contract in Tropodo, Sidoarjo
Regency, East Java, with standard household appliances. The study examines the use of a solar power (PV) system
on the roof, focusing on the polygon drawn on the West-facing area. The user interface shows the house's latitude
and longitude (-7.360 and 112.754, respectively), and its usable roof area (26.49 m?). The simulation is based on
a 100 Wp monocrystalline solar PV module [30], with specifications including size, capacity, efficiency, NOCT,
and annual output power reduction. The economic parameters include inverter prices, system capital cost,
electricity prices, export electricity prices, and annual operation and maintenance costs, with a 30° roof tilt angle
and 90° azimuth, with the azimuth facing west, as provided by the PVGIS input API [20].

The economic parameters of a solar power system include inverter prices, system capital costs, electricity
prices, export electricity prices, and O&M costs per year. The inverter costs IDR 4,290,000, 13% of the total
system capital cost. The discount rate is 5%, annual growth on electricity price is 0%, and inflation is 0%. The
O&M cost for a PV system is IDR 0, and the electricity price is based on a 2,200 VA power contract with a 100%
sellback rate for exporting to the grid. The tool can support a 0% sellback rate if a policy change prevents rooftop
PV owners from exporting electricity to the network. The investment cost for installing 1 kWp of rooftop PV is
IDR 15 million, totalling IDR 33 million.
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The technical and economic parameters for S-1 are as follows: contracted power capacity is 2,200 VA,
maximum rooftop PV capacity is 2,200 Wp, size per module 0.67 m?, capacity per module is 100 Wp, module
efficiency (STC) is 14.92%, nominal operating cell temperature is 45°C, temperature coefficient of power is -
0.39%/°C, tilt angle 30°, azimuth 90°, output power reduction per year 0.8%, inverter price is IDR 4,290,000,
inverter lifetime 15 year, system capital cost (exclude inverter price) is IDR 28,710,000, electricity price is
IDR 1,444.7, export electricity price is IDR 1,444.7, electricity price increase per year IDR 0, discount rate
5%, project lifetime 25 year.

KawanSurya's techno-economic analysis is divided into four sections: User Baseline, PV System, Load
Profile Scenario with Daily PV Output, and Investment. The user baseline includes the daily load curve,
geographic coordinates, roof size, contracted power, and total electrical load per day, month, and year. For the
case of S-1 and given the selected location, they are 19.83 kWh, 603.56 kWh, and 7246.76 kWh, respectively.
The generated load curve is then used to calculate electricity export, billing, and savings from the PV system.

The PV system part includes simulation results for module number, total capacity, needed area, tilt
angle, azimuth, hourly output curve, and total output over project lifetime. The output curve is generated using
irradiation data from the PVGIS API and technical parameters. The calculation shows that the installed capacity
is limited to a contracted power of 2,200 VA. The necessary area is smaller than the available area. An asterisk
(*) indicates that the total PV output was calculated before any reduction in power output. The total PV output,
calculated before any reduction in power output, is 7.95 kWh/day, 241.90 kWh/month, and 2,902.83 kWh/year
in this scenario. The graph below shows the decrease in PV output power over the project's lifetime, using a
technical parameter of 0.8% power output reduction per year.

Figure 8 exhibits the S-1 results displaying user interfaces of KawanSurya; (a) The screenshot of the
location and roof area, (b) the user baseline, and (c) the PV System. As previously stated in Section 2.5, Figure 8
(a) depicts a screenshot of the house coordinates and roof area in KawanSurya. It shows the house’s coordinates
of -7.360° (South Latitude), 112.754° (East Longitude), and the calculated usable roof area of 26.49 m?. The load
curve scenario with daily PV output generates simulation results for the hourly electricity load after PV
installation, the portion covered by PV, and the amount of electricity exported from PV to the grid.

Figure 9 depicts the user interface/results for the load profile scenario; (a), (b) showing PV output and
load profiles, and (c) investment section. As shown in Figure 9, the total electrical load after PV installation is
18.23 kWh/day, 554.99 kWh per month, and 6,659.93 kWh/year, while PV meets a total electrical load of 1.60
kWh/day, 48.58 kWh/month, and 582.97 kWh annually. The total electricity export is 6.35 kWh/day, 193.32
kWh/month, and 2,319.87 kWh annually. the investment section analyses the economic feasibility of rooftop PV,
revealing net savings of IDR 11,482/day, IDR 349,477/month, and IDR 4,193,725 annually. The monthly
electricity bill before and after installation is based on net savings from PV. The cash flow graph shows a
discounted payback of 10.85 years at a 5% discount rate, an ROI of 59.21%, and an NPV of IDR 19,539,262.80.
The S-1 scenario results in a discounted payback period of 10.74 years at a 5% discount rate and 100% bill
reduction factor. However, successive scenarios, including varying inflation rates and rising electricity bills, have
influenced the system's discounted payback period.

PV System
= Number of Modules 22Pcs
Total Capocity 2200 Wp
Required Area : 1474 meter®
- Tilt Angle, Azimuth 30°, 90"
7\
/ \\
W Electrical Lood " » \_
0 Sttt e
User Baseline
Total PV Output *
- GPS Coordinates per Day : 795 kWh
Lat, Long : -7.35984, 112.75441 per Morkh L0 KWh
per Yeor 290283 kWh
- Available Area 1 2391 meter?
- Effective Area : 1913 meter?
- Contract Capacity : 2200 VA 2000
- Total Electrical Load :
1 Let, Long: -7.360, 112.754 per Day 719.83 kWh
Ukuran: 26.49 meter* per Month : 603.56 kWh i
per Year : 724276 kWh " Wosomumme O "M T OH
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Figure 8. The user interface of KawanSurya; (a) The screenshot of the location and roof area, (b) the user
baseline, and (c¢) the PV System of S-1
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Figure 9. The user interface/results of S-1 for the Load Profile Scenario; (a), (b) showing PV output and load
profiles, and (¢) Investment

Simulation-2 (S-2) uses the same technical and economic parameters as S-1, resulting in a payback
period of 19.79 years, twice the prior period. This is due to a 65% bill reduction factor, which reduces the
power export price to 65% of the electricity rate per kWh. The modelled load profile shown in Figure 8 does
not support maximising solar PV energy usage during the day, particularly between 09:00 — 15.00. Simulation-
3 (S-3) adjusts the electrical load profile to a constant load while maintaining the 65% bill reduction factor from
S-1. This scenario increases the energy supplied by the PV system to offset the load but reduces customer income
from exporting electricity. The payback period is 11.79 years, one year longer than S-1. The overall electrical
load changes, with 13.12 kWh/day, 399.35 kWh/month, and 4,792.25 kWh/year after PV installation.

Simulation-4 (S-4) assumes a 2% inflation rate while leaving all other parameters the same as S-1.
The inclusion of inflation is intended to assess the impact of inflation on the payback period. Inflation can harm
the economy but could benefit users by lowering the discount rate for power exported to the grid. The
simulation yields a discounted payback period of 9.43 years or shorter than S-1 to S-3, allowing investors to
recoup their initial investment faster. Simulation-5 (S-5) introduces a 2% annual increase in electricity tariffs
while leaving all other parameters the same as S-1. This scenario benefits rooftop PV users by increasing
income received, and calculating a discounted payback period of 9.66 years, assuming a 100% export rate. It
should be noted that the payback period for PV users can be reduced by adjusting their daily electrical load profile
between 7 a.m. and 5 p.m. and increasing daytime usage to lower the cost impact on billing caused by evening
and nighttime loading. Table 5 presents possible discounted payback periods under various scenarios, including
bill reduction factors, electricity load, inflation rates, increases in electricity tariffs, and minimum bill limits.

Table 5. Discounted payback periods due to different scenarios

No. Scenario Discoupted payback
period (year)
1. Simulation-1 (S-1) 10.74
2. S-2: with 1 65% bill reduction factor 19.79
3. S-3: with a 65% bill reduction factor and constant electrical load 11.79
4. S-4: with a 2% inflation rate 9.43
5. S-5: with an annual increase of 2% in electricity tariff 9.66
6. S-6: minimum bill limit Exceed project lifetime

3.3. Discussions

Residential customers prefer systems with higher NPV and ROI, but decisions should also consider the
ROI and NPV of different scenarios and electrical load patterns. Higher daytime energy usage is preferred for
maximum electricity consumption. It should be noted that the discounted payback period of the simulated on-grid
rooftop PV system is significantly influenced by electrical load profiles and bill reduction factors. A 65% bill
reduction factor and the same load profile increase the discounted payback period. However, a 0% billing
reduction factor or no compensation for selling back electricity to the grid can exceed the discounted payback
period, making it advisable for rooftop PV system owners to increase electrical loading during the daytime.
Inflation rates can help residential projects achieve shorter payback periods without significantly impacting
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financial cash flow, and well-compensated electricity exports are achieved regardless of daytime usage.
KawanSurya reveals that a rooftop PV system's payback period can exceed the project's lifetime due to a set
electricity bill limit, making the system uneconomical. Meanwhile, the accuracy and capability of the tool can
be improved because it does not account for variables such as temperature, dirt, shade, and weather conditions.

4. CONCLUSION

Understanding the techno-economic potential of rooftop solar PV systems is crucial for increasing
renewable energy penetration. Independent evaluation tools like KawanSurya help customers assess the potential
of these systems, improving public knowledge and addressing misconceptions about costly technology tariffs.
KawanSurya can be used to evaluate the techno-economic potential of installing on-grid rooftop PV under various
scenarios, including daily load profiles, inflation, increased electricity tariffs, and billing reduction factors.

This study generated simulation results for a typical 2,200 VA household, resulting in a payback period
of 9.44 years or longer. While the results are influenced by electrical load profiles and bill reduction factors,
incorporating inflation rates in the simulations can help recover initial investment sooner. The 2% inflation rate
resulted in a discounted payback period of 9.43 years, shorter than the default scenario and a 65% billing reduction
factor. Adjusting the daily load profile and increasing daytime usage between 7 a.m. and 5 p.m. can reduce the
payback period, while increased electricity tariffs may benefit users assuming a 100% export rate. Future work
may include studies to enhance KawanSurya’s capabilities and accuracy, as well as to broaden its capabilities to
include off-grid and hybrid rooftop PV systems and to incorporate other factors influencing system performance.
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L. INTROEJCTION

The Paris Agreement aims to reduce global greenhouse gas emissions to keep global temperature rise
below 2°C and 1.5°C [1]. The electricity industry is transitioning to renewable energy technology, with
renewable energy accounting for over 83% of additional capacity in 2022. Wind and solar, including rooftop
PV, account for 91% of additional capacity [2], [3]. Proper legislation and support are crucial for rooftop solar
photovoltaics to reduce greenhouse gas emissions [4]. Ind()nesim(e many developing nations, is making slow
progress in residential rooftop PV adoption. The Indonesian government aims to achieve a 23% renewable
energy mix by 2025, including 3.6 GW of rooftop PV [5]. However, achieving this target is challenging due to
slow installed capacity [6]. The potential for solar rooftop PV adoption is positive due to cost reductions
worldwide [7]. Capacity deployment requires supportive policies, comprehensive information dissemination,
and government incentives [8], [9].

Numerous studies have identified challenges to residential rooftop PV adoption, including economic,
technical, and social barriers, primarily focusing on monetary costs and benefits [10], knowledge and information
aspects [11], and social and regulatory aspects [12]. In Indonesia, these include high initial investment costs, lack
of access to installation services, information availability, disadvantageous PV export tariffs, and policy
inconsistencies [13]. Improving public knowledge and clearing up misperceptions about costly technology tariffs
and policy inconsistencies are among the important efforts to increase rooftop PV deployment [10]. Residential
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customers are increasingly considering solar PV energy to reduce electricity bills. However, technical and
economic factors like usage compared to total electricity consumption and investment feasibility are crucial.
Customers need a tool that provides an adequate system ()verm/ to assess the techno-economic potential of
installing rooftop PV. Limited, independent applications and tools are available to help customers assess the
potential of solar rooftop PV in their homes.

N GIS [14] and PVWatts Calculator [15] are web-based tools developed by the European Commission
and The National Renewable Energy Laboratory to assess the performance of solar power (PV) systems in specific
geographic regions. are used in rooftop PV techno-economic studies to pare the performance of free-
standing and rooftop PV systems in different climatic zones [16] and evaluate residential PV systems with tiered
rates and net metering [17]. PVGIS provides simulation outputs like yearly PV energy output, variability,
electricity cost, monthly PV energy output, and horizon outline, but does not consider user load profile, resulting
in the system's payback period. PVWatts offers an optional analysis considering roof area but does not account
for user load profile. SolarHub [18], an Indonesian rooftop PV calculator, estimates solar PV capacity, energy
generation, system costs, roof area, CO; emissions, and payback period.

This paper introduces KawanSurya: PV Calculator (which in English means ‘solar friend’), a free
Android tool for evaluating potential PV installations on-grid rooftops. The tool allows users to select a specific
location, calculate daily load profiles, measure roof area, and calculate hourly PV output power using irradiation
data from the PVGIS API [19] and HOMER's PV output equation [20], while also including the effect of shading
[21] through the derating factor. The tool is designed to be a useful alternative to web-based applications for
information dissemination about rooftop PV. The paper presents a methodological contribution to renewable
energy literature, focusing on customer education and information dissemination on rooftop solar PV, It is
intended for Indonesia's residential sector but can be used to simulate installation potential in other jurisdictions.
The paper is structured into sections, including design method, results, discussions, and conclusions.

2. METHOD

2.1. Development, Navigation and Database of KawanSurya

KawanSurya is an Android tool designed for data processing, calculation, and user interface
components. [t is built using Kotlin, the native high-level programming language for Android, and Android Studio
for data processing. The tool is intended for Android versions 8 to 13. The interface is organised into five main
sections: Electrical Load, Location and Area, Technical Parameters, Economic Parameters, and Calculation. An
Information page and user guide are also available. Figure 1 depicts the Android-based user interface of
KawanSurya; (a) in English, and (b) in Bahasa Indonesia after it has been downloaded and run.

[ Lowation & Ares Babon Lintsit Lokend & Lues
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(a) (b)
Figure 1. The Android-based user interface of KawanSurya; (a) in English, and (b) in Bahasa Indonesia

The KawanSurya App is available online and can be downloaded from the following link:
http ay .google com/store/apps/details 7id=com christophermarvel. pveale. KawanSurya is a comprehensive
tool for estimating the techno-economic potential of an on-grid oftop solar PV system, involving user input,
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rrradiance data retrieval, energy production calculation, daily load curve generation, PV system output power
computation, and outcomes presentation, based on household appliances, operation hours, technical parameters,
roof area, and location. The PVGIS API retrieves irradiance data from 2005 to 2016, with a one-hour time step.
The tool calculates energy pr tion, generates a daily load curve, and determines the required area for rooftop
PV installations. It calculates Net Present Value (NPV), Retum on Investment (ROI), payback period, and cash
flow. Finally, the tool displays all the results, providing a comprehensive overview of the solar PV system's
potential. Figure 2 depicts the flowchart for KawanSurya. It particularly shows stages for using the tool, which
include entering the appropriate parameters, computing inputs, and presenting outcomes.

User Inpui Elecirical Load, Location & Roof Area,
Technical Parameters, dan Economic Parameters.

PV Qulput Gragh
Load Profile & PV
Output Scenario

Economic Analysis Calculation ©
cashilaw, savings, payback periced
RO, and NPV

PV Output

Calculation

AP Call
Iradignce Dats

Moduls Count
Calcukation

No ¥
Maimum PV
Calculation Capacity Calculation

Display Calculation Culput

Edit Input
Data?

No

KawanSurya is designed to demonstrate the techno-economic feasibility of an on-grid rooftop PV
installation. Its user interface is designed with either low- or high-fidelity wireframes to merge practical and
aesthetic aspects. KawanSurya uses Room Database, a library provided by Android Jetpack [22], to process a
local database. Room Database is built on top of SQLite [23], a database engine used in Android applications.
The tool has four distinct entities: Task, Dpd, Eko, and Map. Users can specify the tables to contain data for
each entity. Navigation and class diagrams depict the system structure, with a class diagram of the Location
and Area page. Figure 3 and Figure 4 show the navigation diagrams for KawanSurya and the developed database
for the tool, respectively. Meanwhile, Figure 5 shows a class diagram of the Location and Area page.

Figure 2. Flowchart of KawanSurya

Homepage ] Homepage Info ‘
" Location and Technical Economic .
4{ Elecirical Load ‘ oot A P ars ‘ Paramaters Calculation
Editfadd " N| "
Electrical Load . Location and Technical Ezonomic
Infe ‘ BE:::BI J Roaf Area Info Parameter Info Parameters Info | | Caiculaton info ‘

Figure 3. KawanSurya navigation diagram
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LocalDatabase
+ mapDao(}; Maplao
+laskDao(): TaskDao
+ dpdDao(): DpdDac
+ ekoDao(): EkoDao
<edata>> <<data>>

<<gala>> <<gata=> data Eko data Dpd

data Map Taek ——

- hargalListrik: Double dayakontrak: String
shapes: List<LatLng> name: String lifetimelnverter. Double azimuth: Double
Wan- Double created: Long onmCost: Double: i Double
e it jammati: String capitalCost: Double sizentodul: Double

] . jumiah: String lifetime: Double efisiensi Double
4 comp Boolean inflasiListrik: Double noct: Double
pyrere— 'wattage: Siring ) inflasi Double angle: Double
data LatLng createdDateFormatted: String hargalnverter: Double i Int
I : String discountRate: Double dayapv: Double
latitude: Double: id: Int id: Int tempCoel. Doubile
longitude: Double | hargaJual Double powerRed: Double

Figure 4. KawanSurya database scheme

LocationAdapter Lokasilnfo
+ onBindViewHolder(ViewHolder, Int): Unit + onViewCreatad{\View, Bundle?): Unit
* an {older P, nt): +onCi ViewGroup?, Bundle?): View
+ updateDala(List<Location>): Unit
itemCount: Int
FragMap
+ onShapeCompleted{ShapeType. String, ArayList<LalLngMap>, Double]: Unit
rragvap + k Unit
+ onOpticnsitemSelacted(Meanultam): Boolean
—»+ clearShape(): Unit ‘J— + onMapReady{GoogleMap): Unit

+ InsenMapShape(Map): Unit + onViewCraatad(View, Bundie?): Unit

P— . : ShapeSizeTotalSh "':Lmur
+ P nit

+ onClick{View?): Unit

+ onShapeRemoveBefore(ShapeType, Int, Int): Unit

<<data>>
data Map

shapes: List<l allng> + onCreateOpti M ) Unit

ukuran: Double + : Unit

id: Int <<datass + onC up?, Bundle?): View
data LatLng + onShapelpdated{ShapeType, String): Unil

lalitude: Double

binding: FragMapBindi
longlbude: Double ing: Fragha ing

wiewModal: FragMapViewModel

Figure 5. A class diagram of the Location and Area page

22. Electrical Load Page

The Electrical Load page allows users to add electrical loads or appliances by clicking the *Add’ button
to enter their name, amount, active power, and operational hours. The tool calculates operational hours by
subtracting On-time and Off-time. Users can input various appliance data to gather a 24-hour electrical load on
their premises. This data generates daily electrical load data and curves, estimating self-consumed PV energy and
excess energy sent back to the grid.

2.3. Technical Parameters Page

The Technical Parameters page on the rooftop PV system installation tool allows users to input various
technical parameters, including installed PLN C()l'mlﬁd power capacity (VA), maximum rooftop PV capacity,
(Watt-peak, Wp), module size (m?), PV module efficiency (%), nominal operating cell temperature (°C), and
temperature coefficient of power (%/°C). Other parameters include tilt angle (°), azimuth (0° = South, 90° = West,
-90° = East), and annual power output reduction (%). The tool allows users to change the parameters and define
settings for their installation plan but also provides default values for simulation. This helps in calculating the
system's hourly power output and evaluating economic performance. Irradiance data is crucial for calculating
rooftop PV system output power. KawanSurya uses the PVGIS API to obtain data from the PVGIS SARAH-
2 dataset [24], which contains sun irradiance data from 2005 to 2016. Retrofit is used to create an API request
with parameters like latitude, longitude, month, output format, local time, global, angle, aspect, and
temperatures. Figure 6 shows a part of the code created to retrieve the solar irradiance dataset for a specific
place from PVGIS.
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interface Apilnterface {
BGET( "api/v5_2/DRcalc”)

fun getDatas{@Query(“lat”} lat: Double,
} lon: Double,
th"} month: Int,

mat*}) ouputFormat: String
time") localtime: Int,

val®) global: Int,

3le") angle: Double,

t"} aspect: Double,

BQueryl”s
#Query( “a
BQuery
1 : Call<ResponseDatax

swtemperatures”) temp: Int

¥

object RetrofitHelper {

val baselrl = “hites://re. jrc.ec.eurcpa.eu/”

fun getInstance(): Retrofit {
return Retrofit.Builder(). baseUrl{baselrl)
.addConverterFactory{GsonConverterFactory. create())
-build()
¥
}
private fun getDatas{) {
val apl = RetrofitMelper.getInstance().create(Apilnterface::class.java)
wval viewModel2 = ViewModelProvider(this)([FragMapViewNodel: :class. java)
lifecycleScope. launch {
var lat: Double
var lon: Double
viewModel2. getAllShapes().collect {
it (it.1shotEmpty(}) {

lat = it[it.size - 1].shapes(0].latitude
lon = it[it.size - 1].ehapes(B].longitude

binding.tviatlon.text = "X.57, %.57" format(lat, lon)

Figure 6. A screenshot of coding for retrieving the solar irradiance dataset

24. PV Output Power, Solar PV Capacity and Module Quantity

KawanSurya calculates rooftop PV output power using the HOMER software's equation, considering
factors like derating factor and solar absorptivity and transmittance. The derating factor considers panel difily/
wire loss, shadowing, snow coverage, and aging. The tool calculates an estimated value of 0.77 [25] to
determine the impact of these parameters on the performance of the rooftop PV system. Solar absorptivity and
transmittance are calculated using the product of 0.9 or 90% [26]. The equations used to determine rooftop PV
output power and PV cell temperature are as follows.

Ppy = Ypy fov (GG_T) 1+ ap(Tc — Testell (1)
T.STC
£

where Ppy, is PV output (kW): Yy, is rated capacity solar PV array in standard test conditions (kW); fpy is a
derating factor (%); G is the solar radiation incident on the PV array in the current time step (kW/m?); G SrC
is the incident radiation at standard test conditions (1 kW/m?); @y is the temperature coefficient of power
(%/°C); T, is the PV cell temperature in the current time step (°C); and T¢ s is the PV cell temperature under
standard test conditions (25°C).

G tmp,sTell-epT e sTe)
Ta+(TQNDCT_TG,NDCT)(GT)NDET) (1 T«

G Sty 5T C (2)
1+(Tc,NDEF—T¢NDEr)(m)(T)

2

where T, is the PV cell temperature (°C); T, !thc ambient temperature (°C); T, yger 18 the nominal operating
cell temperature (°C); T, yocr 18 the ambient tcmpca)m at which the NOCT is defined (20°C); G is the solar
radiation striking the PV array (kW/m?); Gryocr 1s the solar radiation at which the NOCT is defined (0.8
kW/m?); Nmp,src 18 the maximum power point efficiency under standard test conditions (%); a, is temperature
coefficient of power (%); T¢ gr¢ is the cell temperature under standard test conditions (25°C); 7 is the solar
transmittance of any cover over the PV array (%), a 1s the solar absorptance of the PV array (%). The tool
predicts solar PV's electricity output power over multiple years, considering yearly power loss using the
following equation.

T, =

PVout year n = PVout yearty X (1 — yearly rate of PVydegradation (%)) x (n— 1) 3
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The tool limits solar PV module capacity to 1009% of a household's contracted electricity [27]. The tool
determines the number of modules and PV capacity by comparing the maximum power generated by all solar
modules with the user's maximum power (Watt-peak) or a 100% permitted capacity equal to the household
contracted power.

2.5. Location and Area Page

The Location and Area page allows users to estimate the available roof area for solar PV modules by
drawing a polygon and clicking on the areas on the house's roof. The program uses the MapDrawingManager
library to compute the area, which is an effective area considering 80% of the true size of the measured polygon.
This usable roof space shows 80% of the total area within the polygon for installation and maintenance purposes.
The program uses the site's coordinates and the roof area to provide accurate information. Figure 8 (a) in Section
3.2 shows a screenshot of the house's location and roof area displayed in KawanSurya.

2.6. Economic Parameters Page

The Economic Parameters page allows users to define the economic parameters of a rooftop PV
system, including inverter price, lifetime, capital cost, electricity price, feed-in tariff, annual O&M cost, annual
electricity price increase, inflation rate, discount rate, zmr()jecl lifetime, for economic analysis purposes.
KawanSurya uses payback period analysis to eva@e the economic feasibility of monocrystalline silicon-
based PV module systems [28],[29], in addition to Return on Investment (ROI) and Net Present Value (NPV).

The study includes simple and discounted payback periods, with the present value (PV) calculated
using an assumed intercse [30]. The discount factor (DF) i1s based on the assumed discount rate. ROI
measures the profitability of the system, defined as the ratio of net benefits (NPV) to the initial investment. A
negative ROI indicates the investment is not profitable. The equations for calculating the simple or discounted
payback period, ROI, and NPV are as follows.

_ ccNb | _ i _ T, _ T
PP = Nb+ 20 PV = S X Fpys DF = (1455) SIF = (1 + i) )
(a+iy" NPV
Fpy = (1+d)“: NPV =¥ PVincome — 2 PVeoses ROI = m (5

where PP is payback period; Nb is the year before recovery; ecNb is cumulative cash flow in the year before
recovery; and ncNa is net cash flow in the }'Cil[[ recovery; PV is the present value of S in year n; S is cash
flow in the year n; Fpyy is a present worth factor in the year n; i is inflation rate; d is the discount rate; n is year.

g RESULTS AND DISCUSSION

This section presents the simulation results conducted on KawanSurya, focusing on testing features
and obtaining techno-economic results. Initial tests were performed to verify and validate the application's
functionality, including processing electrical load data and retrieving solar irradiance data using an API. The
findings and implications of these tests are discussed in detail.

3.1. Preliminary Tests on Electrical Loading and Solar Irradiance Data Retrieval

The electrical loading test evaluates the data gathering and processing for all appliances in a tool. The
information is recorded in a local database and used during computation. The testing ensures accurate retrieval
and processing of the data by adjusting the debug log level on the Calculation page. The testing uses database-
based electrical load data, listing appliances, power, On-time, and Off-time. The tool calculates operating hours
based on these values, resulting in 2 hours of operation for an On-time value of 1 and an Off-time value of 3.

Solar irradiance data retrieval through API is tested to determine whether the geographical location
entered the tool and the retrieval of solar irradiance data. The tool considers solar irradiation in terms of the
average monthly sum of global irradiation (GI) per square meter received by the modules (me}fm()nth)wi
conducted by carrying out the debug log level. The testing site 1s at latitude 3.589 and longitude 114.893, with
a tilt angle of 30° and azimuth of 0° (South facing).

Table 1 and Table 2 provide examples of data submitted for processing electrical load data, including
the outcome of each appliance’s operational period, and an example of the testing results for hourly temporal-
based electrical load data processing, respectively. Meanwhile, Table 3 shows the locations debug log results,
along with the corresponding irradiance data. The GI data originates from PVGIS’s default solar dataset for
the region, the PVGIS-SARAH dataset, which spans 2005 to 2016 and is available on an hourly temporal basis.
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Table 1. Examples of data entered for processing the electrical load data
Electrical Wattage Operational

Load Quantity (W) Hours Duration
a 4 99 05:00 - 07:00 2.25 hours
b 5 100 10:00 — 02:00 16 hours
Table 2. Testing results of electrical load data processing
Time Wzl\:.\‘t'a;ge Time Wzl‘l’:%ge Time nge
00:00 500 08:00 1] 16:00 500
01:00 500 09:00 1] 17:00 500
02:00 0 10:00 500 18:00 500
03:00 0 11:00 500 19:00 500
04:00 0 12:00 500 20:00 500
05:00 396 13:00 500 21:00 500
06:00 396 14:00 500 22:00 500
07:00 99 15:00 500 23:00 500

Table 3. Testing results of the average monthly sum of global irradiation data retrieval

Time GI (W/m’) Time GI (W/m’) Time Gl (W/m’)
00:00 0 08:00 1.519.71 16:00 358274
01:00 0 09:00 2.808.66 17:00 1.968.99
02:00 0 10:00 5.058.98 18:00 53357
03:00 0 11:00 6,803.24 19:00 0
04:00 0 12:00 7.669.45 20:00 0
05:00 0 13:00 7.561.26 21:00 ]
06:00 0 14:00 6.,626.56 22:00 0
07:00 83.02 15:00 5.193.40 23:00 0

3.2. Simulation Settings araResults

The study explores the techno-economic implications of on-grid rooftop PV systems in households,
considering low maximum power capacity scenarios and six policy-setting scenarios. It considers bill reduction,
inflation, increased electricity tariffs, and load profile. Table 4 shows electrical loads in the household, including
quantity, wattage, and On-time — Off-time.

Table 4. Electrical loads in a household with a 2,200VA power contract

Electrical load Quantity Wattage On-time Off-time
Refrigerator 1 80 24 hours -
Rice cooker 1 300 17:00 17:40
Iron 1 300 09:00 10:00
Water pump 1 600 07:00 08:30
‘Washing machine 1 150 08:00 09:00
Laptop 2 100 20:00 22:00
‘Water heater 1 500 05:30 06:30
AC ¥ hp 2 375 20:00 05:30
AC 1 hp 1 750 20:00 05:30
vV 1 80 20:00 22:00
Lamp 15 10 17:30 22:00
Lamp 5 10 22:00 05:30

Simulation-1 (S-1) is a case study of a household witha 2200 VA aver contract in Tropodo, Sidoarjo
Regency, East Java, with standard household appliances. The study examines the use of a solar power (PV) system
on the roof, focusing on the polygon drawn on the West-facing area. The user interface shows the house's latitude
and longitude (-7.360 and 112.754, respectively), and its usable roof area (26.49 m?). The simulation is based on
a 100 Wp monocrystalline solar PV module [30], with specifications including size, capacity, efficiency, NOCT,
and annual output power reduction. The economic parameters include inverter prices, system capital cost,
electricity prices, export electricity prices, and annual operation and maintenance costs, with a 30° roof tilt angle
and 90° azimuth, with the azimuth facing west, as provided by the PVGIS input API [20].

The economic parameters of a solar power system include inverter prices, system capital costs, electricity
prices, export electricity prices, and O&M costs per year. The inverter costs IDR 4,290,000, 13% of the total
system capital cost. The discount rate 1s 5%, annual growth on electricity price is 0%, and inflation 1s 0%. The
O&M cost for a PV system 1s IDR 0, and the electricity price is based on a 2,200 VA power contract with a 100%
sellback rate for exporting to the grid. The tool can support a0% sellback rate if a policy change prevents rooftop
PV owners from exporting electricity to the network. The investment cost for installing 1 kWp of rooftop PV is
IDR 15 million, totalling IDR 33 million.
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The technical and economic parameters for S-1 are as follows: contracted power capacity is 2,200 VA,
maximum rooftop PV cupzlcmi 2,200 Wp, size per module 0.67 m?, capacity per module is 100 Wp, module
efficiency (STC) is 14.92%, nominal operating cell temperature is 45°C, temperature coefficient of power is -
0.39%/°C, tilt angle 30°, azimuth 90°, output power reduction per year 0.8%, inverter price is IDR 4,290,000,
mnverter lifetime 15 year, system capital cost (exclude inverter price) is IDR 28,710 000, electricity price is
IDR 1444.7, export electricity price is IDR 1,444.7, electricity price increase per year IDR 0, discount rate
5%, project lifetime 25 year.

KawanSurya's techno-economic analysis is divided into four sections: User Baseline, PV System, Load
Profile Scenario with Daily PV Output, and Investment. The user baseline includes the daily load curve,
geographic coordinates, roof size, contracted power, and total electrical load per day, month, and year. For the
case of S-1 and given the selected location, they are 19.83 kWh, 603.56 kWh, and 7246.76 kWh, respectively.
The generated load curve is then used to calculate electricity export, billing, and savings from the PV system.

The PV system part includes simulation results for module number, total capacity, needed area, tilt
angle, azimuth, hourly output curve, and total output over project lifetime. The output curve is generated using
irradiation data from the PVGIS API and technical parameters. The calculation shows that the installed capacity
1s limited to a contracted power of 2,200 VA. The necessary area is smaller than the available area. An asterisk
(*) indicates that the total PV output was calculated before any reduction in power output. The total PV output,
calculated before any reduction in power output,is 7.95 kWh/day, 24 1.90 kWh/month, and 2,902 .83 kWh/year
in this scenario. The graph below shows the decrease in PV output power over the project's lifetime, using a
technical parameter of 0.8% power output reduction per year.

Figure 8 exhibits the S-1 results displaying user interfaces of KawanSurya; (a) The screenshot of the
location and roof area, (b) the user baseline, and (¢) the PV System. As previously stated in Section 2.5, Figure 8
(a) depicts a screenshot of the house coordinates and roof area in KawanSurya. It shows the house’s coordinates
of -7.360° (South Latitude), 112.754° (East Longitude), and the calculated usable roof area of 26 49 m*. The load
curve scenario with daily PV output generates simulation results for the hourly electricity load after PV
mstallation, the portion covered by PV, and the amount of electricity exported from PV to the grid.

Figure 9 depicts the user interface/results for the load profile scenario; (a), (b) showing PV output and
load profiles, and (c) investment section. As shown in Figure 9, the total electrical load after PV installation is
18.23 kWh/day, 554.99 kWh per month, and 6,659.93 kWh/year, while PV meets a total electrical load of 1.60
kWh/day, 48.58 kWh/month, and 582.97 kWh annually. The total electricity export is 6.35 kWh/day, 19332
kWh/month, and 2,319.87 kWh annually. the investment section analyses the economic feasibility of rooftop PV,
revealing net savings of IDR 11 482/day, IDR 349.477/month, and IDR 4.193.725 annually. The monthly
electricity bill before and after installation is based on net savings from PV. The cash flow graph shows a
discounted payback of 10.85 years at a 5% discount rate, an ROI of 59.21%. and an NPV of IDR 19,539 262 80.
The S-1 scenario results in a discounted payback period of 10.74 years at a 5% discount rate and 100% bill
reduction factor. However, successive scenarios, including varying inflation rates and rising electricity bills, have
influenced the system's discounted payback period.

User Baseline
ol PV Cutp
= GPS Coordinates per Dy 795 kwn
Lat, Lang -7.35984, N12.75441 por Manth R0
Do Yoer 290283 kW
- Available Area 23.91 meter?
i - Effective Area : 1913 meter®
= Controct Capacity : 2200 VA 1000
’ = Totol Electrical Lood -
[ et long 73607 per Day o]
Ukurar: 2649 mieber per Manth : 603.56 kWh i
per Yeor 7.242.76 kWh e C T O¥
(a) (b) (©

Figure 8. The user interface of KawanSurya; (a) The screenshot of the location and roof area, (b) the user
baseline, and (c) the PV System of S-1

Bulletin of Electr Eng & Inf, Vol. 99, No. 1, Month 2099: 1-1x




Bulletin of Electr Eng & Inf ISSN: 2302-9285 m) 9

Investrent

Copital Cost R 33000.000

Nt Savings from PV

per Day Rp 1148200
o = per Month Rp J49.477.05
a0 / =TT per Yeor Rp 419072459

g e T Tt Lo G b e Rt e Monthiy Billing Comparison
@ o W Eancaion ) Tetal Flactricol Load Cenaned by PV * S S g
After PV Irstallation Ro S2250718
per Day : LeOkWR
per Mornith 4058 KWh Progect Liletime 25 Tahun
2000 per Yoar + SHZST W

Discounted Payback Period © 1074 Years

Progect Cash Flows

.-lllll"““l

[ b

8 Loga Protis kfer

- Totol Electrical Load After PV instoliation *

per Day 1823 kWh Tetal Electricity Exparted from Py * 8 gt o P
per Month : 55499 kWh per Day 635 kWh
urm of Investment | ware
per Year - 665993 kWh per Manth 19232 kih RENSRRVLSE IS i X maTy
24 e Yiar 239,86 KWk Mat Present Ve (NPV]  © Rp 19.539.26297
(a) (b) (©

Figure 9. The user interface/results of S-1 for the Load Profile Scenario; (a), (b) showing PV output and load
profiles, and (c) Investment

Simulation-2 (S-2) uses the same technical and economic parameters as S-1, resulting in a payback
period of 19.79 years, twice the prior period. This is due to a 65% bill reduction factor, which reduces the
power export price to 65% of the electricity rate per kWh. The modelled load profile shown in Figure 8 does
not support maximising solar PV energy usage during the day, particularly between 09:00 — 15.00. Simulation-
3 (S-3) adjusts the electrical load profilsfio a constant load while maintaining the 65% bill reduction factor from
S-1.This scenario incrcase@ energy supplied by the PV system to offset the load but reduces customer income
from exporting electricity. The payback period is 11.79 years, one year longer than S-1. The overall electrical
load changes, with 13.12 kWh/day, 399.35 kWh/month, and 4,792 .25 kWh/year after PV installation.

Simulation-4 (S-4) assumes a 2% inflation rate while leaving all other parameters the same as S-1.
The inclusion of inflation is intended to assess the impact of inflation on the payback period. Inflation can harm
the economy but could benefit users by lowering the discount rate for power exported to the grid. The
simulation yields a discounted payback period of 9.43 years or shorter than S-1 to 5-3, allowing investors to
recoup their initial investment faster. Simulation-5 (5-5) introduces a 2% annual increase in electricity tariffs
while leaving all other parameters the same as S-1. This scenario benefits rooftop PV users by incre;lsil
income received, and calculating a discounted payback period of 9.66 years, assuming a 100% export rate. It
should be noted that the payback period for PV users can be reduced by adjusting their daily electrical load profile
between 7 a.m. and 5 p.m. and increasing daytime usage to lower the cost impact on billing caused by evening
and nighttime loading. Table 5 presents possible discounted payback periods under various scenarios, including
bill reduction factors, electricity load, inflation rates, increases in electricity tariffs, and minimum bill limits.

Table 5. Discounted payback periods due to different scenarios

No. Scenario Dismulmed payback
perdod (year)

1. Simulation-1 (8-1) 10.74

2 S-2: with 1 65% bill reduction factor 19.79

3. S-3: with a 65% bill reduction factor and constant electrical load 11.79

4. S-4: with a 2% inflation rate 9.43

5. S-5: with an annual increase of 2% in electricity tariff 9.66

f. S-6: minimum bill limit Exceed project lifetime

3.3. Discussions

Residential customers prefer systems with higher NPV and ROL but decisions should also consider the
ROI and NPV of different scenariggdland electrical load pattemns. Higher daytime energy usage is preferred for
maximum electricity consumption. It should be noted that the discounted payback period of the simulated on-grid
rooftop PV system is significantly influenced by electrical load profiles and bill reduction factors. A 65% bill
reduction factor and the same load profile increase the discounted payback period. However, a 0% billing
reduction factor or no compensation for selling back electricity to the grid can exceed the discounted payback
period, making it advisable for rooftop PV system owners to increase electrical loading during the daytime.
Inflation rates can help residential projects achieve shorter payback periods without significantly impacting
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financial cash flow, and well-compensated electricity exports are achieved regardless of daytime usage.
KawanSurya reveals that a rooftop PV system's payback period can exceed the project's lifetime due to a set
electricity bill limit, making the system uneconomical. Meanwhile, the accuracy and capability of the tool can
be improved because it does not account for variables such as temperature, dirt, shade, and weather conditions.

4. CONCLUSION

Understanding the techno-economic potential of rooftop solar PV systems is crucial for increasing
renewable energy penetration. Independent evaluation tools like KawanSurya help customers assess the potential
of these systems, improving public knowledge and addressing misconceptions about costly technology tariffs.
KawanSurya can be used to evaluate the techno-economic potential of installing on-grid rooftop PV under various
scenarios, including daily load profiles, inflation, increased electricity tariffs, and billing reduction factors.

This study generated simulation results for a typical 2,200 VA household, resulting in a payback period
of 9.44 years or longer. While the results are influenced by electrical load profiles and bill reduction factors,
incorporating inflation rates in the simulations can help recover initial investment sooner. The 2% inflation rate
resulted in a discounted payback period of 9 43 years, shorter than the calult scenario and a 65% billing reduction
factor. Adjusting the daily load profile and increasing daytime usage between 7 am. and 5 p.m. can reduce the
payback period, while increased electricity tariffs may benefit users assuming a 100% export rate. Future work
may include studies to enhance KawanSurya’s capabilities and accuracy, as well as to broaden its capabilities to
include off-grid and hybrid rooftop PV systems and to incorporate other factors influencing system performance.
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Many developing countries, including Indonesia, are progressing poorly in
residential rooftop PV adoption, including on-grid systems. On the customer
side, the decision to implement on-grid rooftop PV or rely only on power
from the utility grid has often been made without appropriate knowledge of
techno-economic considerations. This includes the impression of high
system costs. This paper introduces KawanSurya: PV calculator, a solar
rooftop PV techno-economic application for Android mobile phones,
designed to help residential customers assess the potential of installing on-
grid rooftop PV systems. The tool allows users to select a specific
geographic location, calculate daily load profiles, and determine available
roof areas. It uses irradiance data from the PVGIS APl and HOMER’s solar
PV output equation to determine hourly PV output power. Simulation results
for a typical 2,200 VA household show a payback period of 9.44 years or

Techno-economic beyond, significantly influenced by electrical load profiles and bill reduction
factors. A 65% bill reduction factor and similar load profile prolong the
payback period, while a 0% billing reduction factor or uncompensated

electricity sales may exceed the project’s lifetime.
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1. INTRODUCTION

The Paris Agreement aims to reduce global greenhouse gas emissions to keep global temperature
rise below 2°C and 1.5°C [1]. The electricity industry is transitioning to renewable energy technology, with
renewable energy accounting for over 83% of additional capacity in 2022. Wind and solar, including rooftop
PV, account for 91% of additional capacity [2], [3]. Proper legislation and support are crucial for rooftop
solar photovoltaics to reduce greenhouse gas emissions [4]. Indonesia, like many developing nations, is
making slow progress in residential rooftop PV adoption. The Indonesian government aims to achieve a 23%
renewable energy mix by 2025, including 3.6 GW of rooftop PV [5]. However, achieving this target is
challenging due to slow installed capacity [6]. The potential for solar rooftop PV adoption is positive due to
cost reductions worldwide [7]. Capacity deployment requires supportive policies, comprehensive information
dissemination, and government incentives [8], [9].

Numerous studies have identified challenges to residential rooftop PV adoption, including
economic, technical, and social barriers, primarily focusing on monetary costs and benefits [10], knowledge
and information aspects [11], and social and regulatory aspects [12]. In Indonesia, these include high initial
investment costs, lack of access to installation services, information availability, disadvantageous PV export
tariffs, and policy inconsistencies [13]. Improving public knowledge and clearing up misperceptions about
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costly technology tariffs and policy inconsistencies are among the important efforts to increase rooftop PV
deployment [10]. Residential customers are increasingly considering solar PV energy to reduce electricity
bills. However, technical and economic factors like usage compared to total electricity consumption and
investment feasibility are crucial. Customers need a tool that provides an adequate system overview to assess
the techno-economic potential of installing rooftop PV. Limited, independent applications and tools are
available to help customers assess the potential of solar rooftop PV in their homes.

Photovoltaic geographical information system (PVGIS) [14] and PVWatts calculator [15] are web-
based tools developed by the European Commission and The National Renewable Energy Laboratory to
assess the performance of solar power (PV) systems in specific geographic regions. They are used in rooftop
PV techno-economic studies to compare the performance of free-standing and rooftop PV systems in
different climatic zones [16] and evaluate residential PV systems with tiered rates and net metering [17].
PVGIS provides simulation outputs like yearly PV energy output, variability, electricity cost, monthly PV
energy output, and horizon outline, but does not consider user load profile, resulting in the system’s payback
period. PVWatts offers an optional analysis considering roof area but does not account for user load profile.
SolarHub [18], an Indonesian rooftop PV calculator, estimates solar PV capacity, energy generation, system
costs, roof area, CO2 emissions, and payback period.

This paper introduces KawanSurya: PV calculator (which in English means ‘solar friend’), a free
Android tool for evaluating potential PV installations on-grid rooftops. The tool allows users to select a
specific location, calculate daily load profiles, measure roof area, and calculate hourly PV output power using
irradiation data from the PVGIS API [19] and HOMER’s PV output equation [20], while also including the
effect of shading [21] through the derating factor. The tool is designed to be a useful alternative to web-based
applications for information dissemination about rooftop PV. The paper presents a methodological
contribution to renewable energy literature, focusing on customer education and information dissemination
on rooftop solar PV. It is intended for Indonesia's residential sector but can be used to simulate installation
potential in other jurisdictions. The paper is structured into sections, including design method, results,
discussions, and conclusions.

2. METHOD
2.1. Development, navigation, and database of KawanSurya

KawanSurya is an Android tool designed for data processing, calculation, and user interface
components. It is built using Kotlin, the native high-level programming language for Android, and Android
Studio for data processing. The tool is intended for Android versions 8 to 13. The interface is organised into
five main sections: electrical load, location and area, technical parameters, economic parameters, and
calculation. An Information page and user guide are also available. Figure 1 depicts the Android-based user
interface of KawanSurya; Figure 1(a) in English, and Figure 1(b) in Indonesia after it has been downloaded
and run.

Bectcst Load Locotion & Aree Baban Ltra Lokt & Lums

® B ©® B
®) covtonon B v

@ (b)

Figure 1. The Android-based user interface of KawanSurya; (a) in English and (b) in Indonesia
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The KawanSurya App is available online and can be downloaded from the following link:
https://play.google.com/store/apps/details?id=com.christophermarvel.pvcalc. KawanSurya is a comprehensive
tool for estimating the techno-economic potential of an on-grid rooftop solar PV system, involving user input,
irradiance data retrieval, energy production calculation, daily load curve generation, PV system output power
computation, and outcomes presentation, based on household appliances, operation hours, technical parameters,
roof area, and location. The PVGIS API retrieves irradiance data from 2005 to 2016, with a one-hour time step.
The tool calculates energy production, generates a daily load curve, and determines the required area for rooftop
PV installations. It calculates net present value (NPV), return on investment (ROI), payback period, and cash
flow. Finally, the tool displays all the results, providing a comprehensive overview of the solar PV system'’s
potential. Figure 2 depicts the flowchart for KawanSurya. It particularly shows stages for using the tool, which
include entering the appropriate parameters, computing inputs, and presenting outcomes.

User Input Electrical Load, Location & Roof Area,
Technical Parameters. dan Economic Parameters

Local
Database

PV Qutput Graph

Load Profile
Graph
PV Output
Calculation
API Call
Irradiance Data
Module Count
Calculation

No
Maximum PV
Calculation [Caua:ny Cal:ulal\on]> / Display Calculation Qutput /

Edit Input
Data?

Load Profile & PV
Output Scenario

Cash Flow Graph

Economic Analysis Calculation :
cashflow, savings, payback period
ROI, and NPV

Ye:

No

Figure 2. Flowchart of KawanSurya

KawanSurya is designed to demonstrate the techno-economic feasibility of an on-grid rooftop PV
installation. It is user interface is designed with either low- or high-fidelity wireframes to merge practical and
aesthetic aspects. KawanSurya uses room database, a library provided by Android Jetpack [22], to process a
local database. Room Database is built on top of SQLite [23], a database engine used in Android
applications. The tool has four distinct entities: Task, Dpd, Eko, and Map. Users can specify the tables to
contain data for each entity. Navigation and class diagrams depict the system structure, with a class diagram
of the location and area page. Figures 3 and 4 show the navigation diagrams for KawanSurya and the
developed database for the tool, respectively. Meanwhile, Figure 5 shows a class diagram of the location and
area page.
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Figure 3. KawanSurya navigation diagram

LocalDatabase

+ mapDao(): MapDao
+ taskDao(): TaskDao
+ dpdDao(): DpdDao
+ ekoDao(): EkoDao

<<data>> <<data>>
<<data>> <<data>> data Eko data Dpd
data Map data Task
- hargal.istrik: Double dayaKontrak: String
shapes: List<LatLng> name: String lifetimelnverter: Double azimuth: Double
ukuran: Double created: Long onmCost: Double kapasitasModul: Double
id: Int jammati: String capitalCost: Double sizeModul: Double
.| shapes jumiah: String lifetime: Double efisiensi: Double
4 completed: Boolean inflasiListrik: Double noct: Double
Py wattage: String Inflasi: Double angle: Double
data LatLng createdDateFormatted: String hargalnverter: Double id: Int
String discountRate: Double d A
- layapv: Double
latitude: Double id: Int id: Int tempCoef: Double
longitude: Double hargaJual: Double

powerRed: Double

Figure 4. KawanSurya database scheme

LocationAdapter Lokasilnfo
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+ onViewCreated(View, Bundle?): Unit
+ onCreateView(Layoutinflater, ViewGroup?, Bundle?): View

+ onBindViewHolder(ViewHolder, Int): Unit
+ onCreateViewHolder(ViewGroup, Int): ViewHolder
+ updateData(List<Location>): Unit

itemCount: Int
FragMap
+ onShapeCompleted(ShapeType, String, ArrayList<LalLngMap>, Double): Unit
FragMapViewModel + onAllShapeRemove(): Unit
- + onOptionsitemSelected(Menultem): Boolean
* f:learShape(): Unit ) + onMapReady(GoogleMap): Unit
+ insertMapShape(Map): Unit + onViewCreated(View, Bundle?): Unit
Flow<List<Map> - updateShapesizeTotal(ShapeType): Unit
+ Unit
<<data>> . ) B
data Map + onClick(View?): Unit
+ onShapeRemoveBefore(ShapeType, Int, Int): Unit
shapes: List<Latlng> + onCreateOptionsMenu(Menu, Menulnflater): Unit
ukuran: Double + onShapeRemoveAfter(Boolean): Unit
id: Int <<data>> +onC ?, Bundle?): View
data LatLng + onShapeUpdated(ShapeType, String): Unit
falitude: Double binding: FragMapBinding
Iongitude: Double viewModel: FragMapViewModel

Figure 5. A class diagram of the location and area page
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2.2. Electrical load page

The electrical load page allows users to add electrical loads or appliances by clicking the ‘Add’
button to enter their name, amount, active power, and operational hours. The tool calculates operational hours
by subtracting on-time and off-time. Users can input various appliance data to gather a 24-hour electrical
load on their premises. This data generates daily electrical load data and curves, estimating self-consumed
PV energy and excess energy sent back to the grid.

2.3. Technical parameters page

The technical parameters page on the rooftop PV system installation tool allows users to input
various technical parameters, including installed PLN contracted power capacity (VA), maximum rooftop PV
capacity, (Watt-peak, Wp), module size (m?), PV module efficiency (%), nominal operating cell temperature
(°C), and temperature coefficient of power (%/°C). Other parameters include tilt angle (°), azimuth
(0°=South, 90°=West, -90°=East), and annual power output reduction (%). The tool allows users to change
the parameters and define settings for their installation plan but also provides default values for simulation.
This helps in calculating the system’s hourly power output and evaluating economic performance. Irradiance
data is crucial for calculating rooftop PV system output power. KawanSurya uses the PVGIS API to obtain
data from the PVGIS SARAH-2 dataset [24], which contains sun irradiance data from 2005 to 2016. Retrofit
is used to create an API request with parameters like latitude, longitude, month, output format, local time,
global, angle, aspect, and temperatures. Figure 6 shows a part of the code created to retrieve the solar
irradiance dataset for a specific place from PVGIS.

interface Apilm

@GET("ap;

fun getDatas(Query(*lat*) lat: Double,
eQu on*) lon: Double,

@Query
h*) month: Int,

tformat®) ouputFormat: String
me") localtime: Int,

) global: Int,

angle: Double,

spect”) aspect: Double,
©Query("showtemperatures”) temp: Int

) : Call<ResponseData>

b

object RetrofitHelper {
val baseUrl = "https://re.jrc.ec.europa.eu/”

fun getInstance(): Retrofit {
return Retrofit.Builder().baseUrl(baseUrl)
addConverterFactory(GsonConverterFactory.create())
build()
}
}
private fun getDatas() {
val api = RetrofitHelper.getInstan
val viewModel2 = ViewModelProvider
lifecycleScope.launch {
lat: Double
lon: Doub:
vieuMode12.ge: hapes() .collect {
if (it.isNotEmpty()) {

create(Apilnterface::class.java
) [FragMapViewModel: : class. javal

lat = it[it.size - 1].shapes[0].latitude
lon = it[it.size - 1].shapes[0].longitude

binding.tvLatlon.text = "%.5f, %.5f".format(lat, lon)

Figure 6. A screenshot of coding for retrieving the solar irradiance dataset

2.4. PV output power, solar PV capacity and module quantity

KawanSurya calculates rooftop PV output power using the HOMER software’s equation,
considering factors like derating factor and solar absorptivity and transmittance. The derating factor considers
panel dirt, wire loss, shadowing, snow coverage, and aging. The tool calculates an estimated value of 0.77
[25] to determine the impact of these parameters on the performance of the rooftop PV system. Solar
absorptivity and transmittance are calculated using the product of 0.9 or 90% [26]. The equations used to
determine rooftop PV output power and PV cell temperature are as (1):
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Poy = Yoy fpv (i) [1+4 ap(Tc — Tesrc)] 1

GTsTC

where Ppy, is PV output (kW); Ypy is rated capacity solar PV array in standard test conditions (kW); fpy is a
derating factor (%); Gy is the solar radiation incident on the PV array in the current time step (KW/m?);
Grsrc is the incident radiation at standard test conditions (1 kW/m?); a,, is the temperature coefficient of
power (%/°C); T, is the PV cell temperature in the current time step (°C); and T¢ s is the PV cell
temperature under standard test conditions (25°C).

G Nmp,sTc(1-9pTc,sTC)
Ta“‘(Tc,NOCT_Tu,NOCT)(GT'NT:)CT)(l 2 —
<7 51 (T Te) @)
GT,NOCT @

1+(Tc,NOCT—Ta,Nocr)(

where T, is the PV cell temperature (°C); T, is the ambient temperature (°C); T, nocr is the nominal
operating cell temperature (°C); T, yocr IS the ambient temperature at which the NOCT is defined (20°C); G
is the solar radiation striking the PV array (KW/m?); Gr yocr is the solar radiation at which the NOCT is
defined (0.8 KW/m?); 1), sr¢ is the maximum power point efficiency under standard test conditions (%); a,
is temperature coefficient of power (%); T, src is the cell temperature under standard test conditions (25°C);
T is the solar transmittance of any cover over the PV array (%); and «a is the solar absorptance of the PV array
(%). The tool predicts solar PV’s electricity output power over multiple years, considering yearly power loss
using (3):

PVout year n = PVout yearty X (1 — yearly rate of PV, degradation (%)) x (n— 1) 3)

The tool limits solar PV module capacity to 100% of a household’s contracted electricity [27]. The
tool determines the number of modules and PV capacity by comparing the maximum power generated by all
solar modules with the user’s maximum power (Watt-peak) or a 100% permitted capacity equal to the
household contracted power.

2.5. Location and area page

The location and area page allows users to estimate the available roof area for solar PV modules by
drawing a polygon and clicking on the areas on the house’s roof. The program uses the MapDrawingManager
library to compute the area, which is an effective area considering 80% of the true size of the measured polygon.
This usable roof space shows 80% of the total area within the polygon for installation and maintenance
purposes. The program uses the site’s coordinates and the roof area to provide accurate information.

2.6. Economic parameters page

The economic parameters page allows users to define the economic parameters of a rooftop PV
system, including inverter price, lifetime, capital cost, electricity price, feed-in tariff, annual O&M cost,
annual electricity price increase, inflation rate, discount rate, and project lifetime, for economic analysis
purposes. KawanSurya uses payback period analysis to evaluate the economic feasibility of monocrystalline
silicon-based PV module systems [28], [29], in addition to return on investment (ROI) and NPV.

The study includes simple and discounted payback periods, with the present value (PV) calculated
using an assumed interest rate [30]. The discount factor (DF) is based on the assumed discount rate. ROI
measures the profitability of the system, defined as the ratio of net benefits (NPV) to the initial investment. A
negative ROI indicates the investment is not profitable. The equations for calculating the simple or
discounted payback period, ROI, and NPV are as (4) and (5):

_ ccNb _ . _ d —n' _ .\
PP = Nb+—-i PV = S X Fpy; DF = (1 +—100) JIF = (1 + i) (4)
a+in, . NPV
FPW = a+d)n’ NPV = Z PVincome - ZPVcostr ROI = Capital Cost (5)

where PP is payback period; Nb is the year before recovery; ccNb is cumulative cash flow in the year before
recovery; and ncNa is net cash flow in the year after recovery; PV is the present value of S in year n; S is cash
flow in the year n; Fpy, is a present worth factor in the year n; i is inflation rate; d is the discount rate; and n is
year.
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3. RESULTS AND DISCUSSION

This section presents the simulation results conducted on KawanSurya, focusing on testing features
and obtaining techno-economic results. Initial tests were performed to verify and validate the application's
functionality, including processing electrical load data and retrieving solar irradiance data using an API. The
findings and implications of these tests are discussed in detail.

3.1. Preliminary tests on electrical loading and solar irradiance data retrieval

The electrical loading test evaluates the data gathering and processing for all appliances in a tool.
The information is recorded in a local database and used during computation. The testing ensures accurate
retrieval and processing of the data by adjusting the debug log level on the calculation page. The testing uses
database-based electrical load data, listing appliances, power, on-time, and off-time. The tool calculates
operating hours based on these values, resulting in 2 hours of operation for an on-time value of 1 and an
off-time value of 3.

Solar irradiance data retrieval through API is tested to determine whether the geographical location
entered the tool and the retrieval of solar irradiance data. The tool considers solar irradiation in terms of the
average monthly sum of global irradiation (GI) per square meter received by the modules (W/m?/month). It is
conducted by carrying out the debug log level. The testing site is at latitude 3.589 and longitude 114.893,
with a tilt angle of 30° and azimuth of 0° (South facing).

Tables 1 and 2 provide examples of data submitted for processing electrical load data, including the
outcome of each appliance’s operational period, and an example of the testing results for hourly temporal-
based electrical load data processing, respectively. Meanwhile, Table 3 shows the locations debug log results,
along with the corresponding irradiance data. The GI data originates from PVGIS’s default solar dataset for
the region, the PVGIS-SARAH dataset, which spans 2005 to 2016 and is available on an hourly temporal
basis.

Table 1. Examples of data entered for processing the electrical load data
Electrical load  Quantity Wattage (W)  Operational hours  Duration
a 4 99 05:00-07:00 2.25 hours
b 5 100 10:00-02:00 16 hours

Table 2. Testing results of electrical load data processing
Time  Wattage (W)  Time  Wattage (W) Time  Wattage (W)

00:00 500 08:00 0 16:00 500
01:00 500 09:00 0 17:.00 500
02:00 0 10:00 500 18:00 500
03:00 0 11:00 500 19:00 500
04:00 0 12:00 500 20:00 500
05:00 396 13:00 500 21:00 500
06:00 396 14:00 500 22:00 500
07:00 99 15:00 500 23:.00 500

Table 3. Testing results of the average monthly sum of global irradiation data retrieval
Time  GI(W/m? Time GI(W/m% Time Gl (W/m?

00:00 0 08:00 151971 16:00 3,582.74
01:00 0 09:00 2,89866  17:00  1,968.99
02:00 0 10:00 5,058.98  18:00 533.57
03:00 0 11:.00  6,803.24  19:00 0
04:00 0 12:.00 7,669.45  20:00 0
05:00 0 13:00 756126  21:00 0
06:00 0 14:00 6,626.56  22:00 0
07:00 83.92 15:00 519340  23:00 0

3.2. Simulation settings and results

The study explores the techno-economic implications of on-grid rooftop PV systems in households,
considering low maximum power capacity scenarios and six policy-setting scenarios. It considers bill
reduction, inflation, increased electricity tariffs, and load profile. Table 4 shows electrical loads in the
household, including quantity, wattage, and on-time-off-time.
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Table 4. Electrical loads in a household with a 2,200VA power contract
Electrical load Quantity  Wattage On-time Off-time

Refrigerator 1 80 24 hours -

Rice cooker 1 300 17:00 17:40
Iron 1 300 09:00 10:00
Water pump 1 600 07:00 08:30
Washing machine 1 150 08:00 09:00
Laptop 2 100 20:00 22:00
Water heater 1 500 05:30 06:30
ACY2hp 2 375 20:00 05:30
AC 1 hp 1 750 20:00 05:30
TV 1 80 20:00 22:00
Lamp 15 10 17:30 22:00
Lamp 5 10 22:00 05:30

Simulation-1 (S-1) is a case study of a household with a 2,200 VA power contract in Tropodo,
Sidoarjo Regency, East Java, with standard household appliances. The study examines the use of a solar
power (PV) system on the roof, focusing on the polygon drawn on the West-facing area. The user interface
shows the house’s latitude and longitude (-7.360 and 112.754, respectively), and it is usable roof area
(26.49 m?). The simulation is based on a 100 Wp monocrystalline solar PV module [30], with specifications
including size, capacity, efficiency, NOCT, and annual output power reduction. The economic parameters
include inverter prices, system capital cost, electricity prices, export electricity prices, and annual operation
and maintenance costs, with a 30° roof tilt angle and 90° azimuth, with the azimuth facing west, as provided
by the PVGIS input API [20].

The economic parameters of a solar power system include inverter prices, system capital costs,
electricity prices, export electricity prices, and O&M costs per year. The inverter costs IDR 4,290,000, 13%
of the total system capital cost. The discount rate is 5%, annual growth on electricity price is 0%, and
inflation is 0%. The O&M cost for a PV system is IDR 0, and the electricity price is based on a 2,200 VA
power contract with a 100% sellback rate for exporting to the grid. The tool can support a 0% sellback rate if
a policy change prevents rooftop PV owners from exporting electricity to the network. The investment cost
for installing 1 kWp of rooftop PV is IDR 15 million, totalling IDR 33 million.

The technical and economic parameters for S-1 are as follows: contracted power capacity is
2,200 VA, maximum rooftop PV capacity is 2,200 Wp, size per module 0.67 m?, capacity per module is
100 Wp, module efficiency (STC) is 14.92%, nominal operating cell temperature is 45°C, temperature
coefficient of power is -0.39%/°C, tilt angle 30°, azimuth 90°, output power reduction per year 0.8%, inverter
price is IDR 4,290,000, inverter lifetime 15 year, system capital cost (exclude inverter price) is IDR
28,710,000, electricity price is IDR 1,444.7, export electricity price is IDR 1,444.7, electricity price increase
per year IDR 0, discount rate 5%, project lifetime 25 year.

KawanSurya’s techno-economic analysis is divided into four sections: user baseline, PV system,
load profile scenario with daily PV output, and investment. The user baseline includes the daily load curve,
geographic coordinates, roof size, contracted power, and total electrical load per day, month, and year. For
the case of S-1 and given the selected location, they are 19.83 kWh, 603.56 kWh, and 7246.76 kWh,
respectively. The generated load curve is then used to calculate electricity export, billing, and savings from
the PV system.

The PV system part includes simulation results for module number, total capacity, needed area, tilt
angle, azimuth, hourly output curve, and total output over project lifetime. The output curve is generated
using irradiation data from the PVGIS API and technical parameters. The calculation shows that the installed
capacity is limited to a contracted power of 2,200 VA. The necessary area is smaller than the available area.
An asterisk (*) indicates that the total PV output was calculated before any reduction in power output. The
total PV output, calculated before any reduction in power output, is 7.95 kWh/day, 241.90 kWh/month, and
2,902.83 kWh/year in this scenario. The graph below shows the decrease in PV output power over the
project’s lifetime, using a technical parameter of 0.8% power output reduction per year.

Figure 7 exhibits the S-1 results displaying user interfaces of KawanSurya; i) the screenshot of the
location and roof area, ii) the user baseline, and iii) the PV system. As previously stated in section 2.5,
Figure 7(a) depicts a screenshot of the house coordinates and roof area in KawanSurya. It shows the house’s
coordinates of -7.360° (South Latitude), 112.754° (East Longitude), and the calculated usable roof area of
26.49 m2 The load curve scenario with daily PV output generates simulation results for the hourly
electricity load after PV installation, the portion covered by PV, and the amount of electricity exported from
PV to the grid.
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Figure 7. The user interface of KawanSurya; (a) the screenshot of the location and roof area, (b) the user

baseline, and (c) the PV system of S-1

Figure 8 depicts the user interface/results for the load profile scenario; Figure 8(a) showing PV
output and load profiles, and Figure 8(b) investment section. As shown in Figure 8, the total electrical load
after PV installation is 18.23 kWh/day, 554.99 kWh per month, and 6,659.93 kWh/year, while PV meets a
total electrical load of 1.60 kWh/day, 48.58 kWh/month, and 582.97 kWh annually. The total electricity
export is 6.35 kWh/day, 193.32 kWh/month, and 2,319.87 kWh annually. the investment section analyses the
economic feasibility of rooftop PV, revealing net savings of IDR 11,482/day, IDR 349,477/month, and IDR
4,193,725 annually. The monthly electricity bill before and after installation is based on net savings from PV.
The cash flow graph shows a discounted payback of 10.85 years at a 5% discount rate, an ROI of 59.21%,
and an NPV of IDR 19,539,262.80. The S-1 scenario results in a discounted payback period of 10.74 years at
a 5% discount rate and 100% bill reduction factor. However, successive scenarios, including varying
inflation rates and rising electricity bills, have influenced the system's discounted payback period.
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Figure 8. The user interface/results of S-1 for the load profile scenario; (a) PV output and load profiles and

(b) investment
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Simulation-2 (S-2) uses the same technical and economic parameters as S-1, resulting in a payback
period of 19.79 years, twice the prior period. This is due to a 65% bill reduction factor, which reduces the
power export price to 65% of the electricity rate per kWh. The modelled load profile shown in Figure 8 does
not support maximising solar PV energy usage during the day, particularly between 09:00-15.00.
Simulation-3 (S-3) adjusts the electrical load profile to a constant load while maintaining the 65% bill
reduction factor from S-1. This scenario increases the energy supplied by the PV system to offset the load but
reduces customer income from exporting electricity. The payback period is 11.79 years, one year longer than
S-1. The overall electrical load changes, with 13.12 kWh/day, 399.35 kWh/month, and 4,792.25 kWh/year
after PV installation.

Simulation-4 (S-4) assumes a 2% inflation rate while leaving all other parameters the same as S-1.
The inclusion of inflation is intended to assess the impact of inflation on the payback period. Inflation can
harm the economy but could benefit users by lowering the discount rate for power exported to the grid. The
simulation yields a discounted payback period of 9.43 years or shorter than S-1 to S-3, allowing investors to
recoup their initial investment faster. Simulation-5 (S-5) introduces a 2% annual increase in electricity tariffs
while leaving all other parameters the same as S-1. This scenario benefits rooftop PV users by increasing
income received, and calculating a discounted payback period of 9.66 years, assuming a 100% export rate. It
should be noted that the payback period for PV users can be reduced by adjusting their daily electrical load
profile between 7 a.m. and 5 p.m. and increasing daytime usage to lower the cost impact on billing caused by
evening and nighttime loading. Table 5 presents possible discounted payback periods under various
scenarios, including bill reduction factors, electricity load, inflation rates, increases in electricity tariffs, and
minimum bill limits.

Table 5. Discounted payback periods due to different scenarios

No. Scenario Discounted payback period (year)
1. Simulation-1 (S-1) 10.74

2. S-2: with 1 65% bill reduction factor 19.79

3. S-3: with a 65% bill reduction factor and constant electrical load 1179

4. S-4:with a 2% inflation rate 9.43

5. S-5: with an annual increase of 2% in electricity tariff 9.66

6. S-6: minimum bill limit Exceed project lifetime

3.3. Discussions

Residential customers prefer systems with higher NPV and ROI, but decisions should also consider
the ROI and NPV of different scenarios and electrical load patterns. Higher daytime energy usage is
preferred for maximum electricity consumption. It should be noted that the discounted payback period of the
simulated on-grid rooftop PV system is significantly influenced by electrical load profiles and bill reduction
factors. A 65% bill reduction factor and the same load profile increase the discounted payback period.
However, a 0% billing reduction factor or no compensation for selling back electricity to the grid can exceed
the discounted payback period, making it advisable for rooftop PV system owners to increase electrical
loading during the daytime. Inflation rates can help residential projects achieve shorter payback periods
without significantly impacting financial cash flow, and well-compensated electricity exports are achieved
regardless of daytime usage. KawanSurya reveals that a rooftop PV system's payback period can exceed the
project's lifetime due to a set electricity bill limit, making the system uneconomical. Meanwhile, the accuracy
and capability of the tool can be improved because it does not account for variables such as temperature, dirt,
shade, and weather conditions.

4.  CONCLUSION

Understanding the techno-economic potential of rooftop solar PV systems is crucial for increasing
renewable energy penetration. Independent evaluation tools like KawanSurya help customers assess the
potential of these systems, improving public knowledge and addressing misconceptions about costly
technology tariffs. KawanSurya can be used to evaluate the techno-economic potential of installing on-grid
rooftop PV under various scenarios, including daily load profiles, inflation, increased electricity tariffs, and
billing reduction factors.

This study generated simulation results for a typical 2,200 VA household, resulting in a payback
period of 9.44 years or longer. While the results are influenced by electrical load profiles and bill reduction
factors, incorporating inflation rates in the simulations can help recover initial investment sooner. The 2%
inflation rate resulted in a discounted payback period of 9.43 years, shorter than the default scenario and a
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65% billing reduction factor. Adjusting the daily load profile and increasing daytime usage between 7 a.m.
and 5 p.m. can reduce the payback period, while increased electricity tariffs may benefit users assuming a
100% export rate. Future work may include studies to enhance KawanSurya’s capabilities and accuracy, as
well as to broaden its capabilities to include off-grid and hybrid rooftop PV systems and to incorporate other
factors influencing system performance.
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Many developing countries, including Indonesia, are progressing poorly in
residential rooftop PV adoption, including on-grid systems. On the customer
side, the decision to implement on-grid rooftop PV or rely only on power
from the utility grid has often been made without appropriate knowledge of
techno-economic considerations. This includes the impression of high
system costs. This paper introduces KawanSurya: PV calculator, a solar
rooftop PV techno-economic application for Android mobile phones,
designed to help residential customers assess the potential of installing on-
grid rooftop PV systems. The tool allows users to select a specific
geographic location, calculate daily load profiles, and determine available
roof areas. It uses irradiance data from the PVGIS APl and HOMER’s solar
PV output equation to determine hourly PV output power. Simulation results
for a typical 2,200 VA household show a payback period of 9.44 years or

Techno-economic beyond, significantly influenced by electrical load profiles and bill reduction
factors. A 65% bill reduction factor and similar load profile prolong the
payback period, while a 0% billing reduction factor or uncompensated

electricity sales may exceed the project’s lifetime.
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1. INTRODUCTION

The Paris Agreement aims to reduce global greenhouse gas emissions to keep global temperature
rise below 2°C and 1.5°C [1]. The electricity industry is transitioning to renewable energy technology, with
renewable energy accounting for over 83% of additional capacity in 2022. Wind and solar, including rooftop
PV, account for 91% of additional capacity [2], [3]. Proper legislation and support are crucial for rooftop
solar photovoltaics to reduce greenhouse gas emissions [4]. Indonesia, like many developing nations, is
making slow progress in residential rooftop PV adoption. The Indonesian government aims to achieve a 23%
renewable energy mix by 2025, including 6.5 GW of solar PV [5]. However, achieving this target is
challenging due to slow installed capacity [6]. The potential for solar rooftop PV adoption is positive due to
cost reductions worldwide [7]. Capacity deployment requires supportive policies, comprehensive information
dissemination, and government incentives [8], [9].

Numerous studies have identified challenges to residential rooftop PV adoption, including
economic, technical, and social barriers, primarily focusing on monetary costs and benefits [10], knowledge
and information aspects [11], and social and regulatory aspects [12]. In Indonesia, these include high initial
investment costs, lack of access to installation services, information availability, disadvantageous PV export
tariffs, and policy inconsistencies [13]. Improving public knowledge and clearing up misperceptions about
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costly technology tariffs and policy inconsistencies are among the important efforts to increase rooftop PV
deployment [10]. Residential customers are increasingly considering solar PV energy to reduce electricity
bills. However, technical and economic factors like usage compared to total electricity consumption and
investment feasibility are crucial. Customers need a tool that provides an adequate system overview to assess
the techno-economic potential of installing rooftop PV. Limited, independent applications and tools are
available to help customers assess the potential of solar rooftop PV in their homes.

Photovoltaic geographical information system (PVGIS) [14] and PVWatts calculator [15] are web-
based tools developed by the European Commission and The National Renewable Energy Laboratory to
assess the performance of solar power (PV) systems in specific geographic regions. They are used in rooftop
PV techno-economic studies to compare the performance of free-standing and rooftop PV systems in
different climatic zones [16] and evaluate residential PV systems with tiered rates and net metering [17].
PVGIS provides simulation outputs like yearly PV energy output, variability, electricity cost, monthly PV
energy output, and horizon outline, but does not consider user load profile, resulting in the system’s payback
period. PVWatts offers an optional analysis considering roof area but does not account for user load profile.
SolarHub, an Indonesian rooftop PV calculator, estimates solar PV capacity, energy generation, system costs,
roof area, CO, emissions, and payback period. frhe tool can be accessed at https://kalkuIator.solarhub.id/]

This paper introduces KawanSurya: PV calculator (which in English means ‘solar friend’), a free
Android tool for evaluating potential PV installations on-grid rooftops. The tool allows users to select a
specific location, calculate daily load profiles, measure roof area, and calculate hourly PV output power using
irradiation data from the PVGIS API [18] and HOMER’s PV output equation [19], while also including the
effect of shading [20] through the derating factor. The tool is designed to be a useful alternative to web-based
applications for information dissemination about rooftop PV. The paper presents a methodological
contribution to renewable energy literature, focusing on customer education and information dissemination
on rooftop solar PV. It is intended for Indonesia's residential sector but can be used to simulate installation
potential in other jurisdictions. The paper is structured into sections, including design method, results,
discussions, and conclusions.

2. METHOD
2.1. Development, navigation, and database of KawanSurya

KawanSurya is an Android tool designed for data processing, calculation, and user interface
components. It is built using Kotlin, the native high-level programming language for Android, and Android
Studio for data processing. The tool is intended for Android versions 8 to 13. The interface is organised into
five main sections: electrical load, location and area, technical parameters, economic parameters, and
calculation. An Information page and user guide are also available. Figure 1 depicts the Android-based user
interface of KawanSurya; Figure 1(a) in English, and Figure 1(b) in Indonesia after it has been downloaded
and run.

Bectcst Load Locotion & Aree Baban Ltra Lokt & Lums

® B ©® B
®) covtonon B v

@ (b)

Figure 1. The Android-based user interface of KawanSurya; (a) in English and (b) in Indonesia
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The KawanSurya App is available online and can be downloaded from the following link:
https://play.google.com/store/apps/details?id=com.christophermarvel.pvcalc. KawanSurya is a comprehensive
tool for estimating the techno-economic potential of an on-grid rooftop solar PV system, involving user input,
irradiance data retrieval, energy production calculation, daily load curve generation, PV system output power
computation, and outcomes presentation, based on household appliances, operation hours, technical parameters,
roof area, and location. The PVGIS API retrieves irradiance data from 2005 to 2016, with a one-hour time step.
The tool calculates energy production, generates a daily load curve, and determines the required area for rooftop
PV installations. It calculates net present value (NPV), return on investment (ROI), payback period, and cash
flow. Finally, the tool displays all the results, providing a comprehensive overview of the solar PV system'’s
potential. Figure 2 depicts the flowchart for KawanSurya. It particularly shows stages for using the tool, which
include entering the appropriate parameters, computing inputs, and presenting outcomes.

User Input Electrical Load, Location & Roof Area,
Technical Parameters. dan Economic Parameters

Local
Database

PV Qutput Graph

Load Profile
Graph
PV Output
Calculation
API Call
Irradiance Data
Module Count
Calculation

No
Maximum PV
Calculation [Caua:ny Cal:ulal\on]> / Display Calculation Qutput /

Edit Input
Data?

Load Profile & PV
Output Scenario

Cash Flow Graph

Economic Analysis Calculation :
cashflow, savings, payback period
ROI, and NPV

Ye:

No

Figure 2. Flowchart of KawanSurya

KawanSurya is designed to demonstrate the techno-economic feasibility of an on-grid rooftop PV
installation. It is the user interface designed with either low- or high-fidelity wireframes to merge practical
and aesthetic aspects. KawanSurya uses the room database, a library provided by Android Jetpack [21], to
process a local database. Room Database is built on top of SQLite [22], a database engine used in Android
applications. The tool has four distinct entities: Task, Dpd, Eko, and Map. Users can specify the tables to
contain data for each entity. Navigation and class diagrams depict the system structure, with a class diagram
of the location and area page. Figures 3 and 4 show the navigation diagrams for KawanSurya and the
developed database for the tool, respectively. Meanwhile, Figure 5 shows a class diagram of the location and
area page.
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[ Homepage H Homepage Info

[
| ]

[

Location and Technical Economic "
Electrical Load Roof Area Parameters Parameters Calculation |
. Edit/add - .
Electrical Load N Location and Technical Economic .
EIE:::aI Roof Area Info Parameter Info lF’aramelers Info I Caleulation Info ’

Figure 3. KawanSurya navigation diagram

LocalDatabase

+ mapDao(): MapDao
+ taskDao(): TaskDao
+ dpdDao(): DpdDao
+ ekoDao(): EkoDao

<<data>> <<data>>
<<data>> <<data>> data Eko data Dpd
data Map data Task
- hargal.istrik: Double dayaKontrak: String
shapes: List<LatLng> name: String lifetimelnverter: Double azimuth: Double
ukuran: Double created: Long onmCost: Double kapasitasModul: Double
id: Int jammati: String capitalCost: Double sizeModul: Double
.| shapes jumiah: String lifetime: Double efisiensi: Double
4 completed: Boolean inflasiListrik: Double noct: Double
Py wattage: String Inflasi: Double angle: Double
data LatLng createdDateFormatted: String hargalnverter: Double id: Int
String discountRate: Double d A
- layapv: Double
latitude: Double id: Int id: Int tempCoef: Double
longitude: Double hargaJual: Double

powerRed: Double

Figure 4. KawanSurya database scheme

LocationAdapter Lokasilnfo

-
+ onViewCreated(View, Bundle?): Unit
+ onCreateView(Layoutinflater, ViewGroup?, Bundle?): View

+ onBindViewHolder(ViewHolder, Int): Unit
+ onCreateViewHolder(ViewGroup, Int): ViewHolder
+ updateData(List<Location>): Unit

itemCount: Int
FragMap
+ onShapeCompleted(ShapeType, String, ArrayList<LalLngMap>, Double): Unit
FragMapViewModel + onAllShapeRemove(): Unit
- + onOptionsitemSelected(Menultem): Boolean
* f:learShape(): Unit ) + onMapReady(GoogleMap): Unit
+ insertMapShape(Map): Unit + onViewCreated(View, Bundle?): Unit
Flow<List<Map> - updateShapesizeTotal(ShapeType): Unit
+ Unit
<<data>> . ) B
data Map + onClick(View?): Unit
+ onShapeRemoveBefore(ShapeType, Int, Int): Unit
shapes: List<Latlng> + onCreateOptionsMenu(Menu, Menulnflater): Unit
ukuran: Double + onShapeRemoveAfter(Boolean): Unit
id: Int <<data>> +onC ?, Bundle?): View
data LatLng + onShapeUpdated(ShapeType, String): Unit
falitude: Double binding: FragMapBinding
Iongitude: Double viewModel: FragMapViewModel

Figure 5. A class diagram of the location and area page
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2.2. Electrical load page

The electrical load page allows users to add electrical loads or appliances by clicking the ‘Add’
button to enter their name, amount, active power, and operational hours. The tool calculates operational hours
by subtracting on-time and off-time. Users can input various appliance data to gather a 24-hour electrical
load on their premises. This data generates daily electrical load data and curves, estimating self-consumed
PV energy and excess energy sent back to the grid.

2.3. Technical parameters page

The technical parameters page on the rooftop PV system installation tool allows users to input
various technical parameters, including installed PLN contracted power capacity (VA), maximum rooftop PV
capacity, (Watt-peak, Wp), module size (m?), PV module efficiency (%), nominal operating cell temperature
(°C), and temperature coefficient of power (%/°C). Other parameters include tilt angle (°), azimuth
(0°=South, 90°=West, -90°=East), and annual power output reduction (%). The tool allows users to change
the parameters and define settings for their installation plan but also provides default values for simulation.
This helps in calculating the system’s hourly power output and evaluating economic performance. Irradiance
data is crucial for calculating rooftop PV system output power. KawanSurya uses the PVGIS API to obtain
data from the PVGIS SARAH-2 dataset [23], which contains sun irradiance data from 2005 to 2016. Retrofit
is used to create an API request with parameters like latitude, longitude, month, output format, local time,
global, angle, aspect, and temperatures. Figure 6 shows a part of the code created to retrieve the solar
irradiance dataset for a specific place from PVGIS.

interface Apilm

@GET("ap;

fun getDatas(Query(*lat*) lat: Double,
eQu on*) lon: Double,

@Query
h*) month: Int,

tformat®) ouputFormat: String
me") localtime: Int,

) global: Int,

angle: Double,

spect”) aspect: Double,

@Query("showtemperatures”) temp: Int

) : Call<ResponseData>
}

object RetrofitHelper {

val baseUrl = "https://re.jIc.ec.europa.eu/”

fun getInstance(): Retrofit {
return Retrofit.Builder().baseUrl(baseUrl)
addConverterFactory(GsonConverterFactory.create())
build()
}

private fun getDatas() {

val api = RetrofitHelper.getInstan:
val viewModel2 = ViewNodelProvider
lifecycleScope.launch {

lat: Double

create(Apilnterface::class.java
) [FragMapViewModel: : class. javal

lon: Doub:
vieuMode12.ge: hapes() .collect {
if (it.isNotEmpty()) {

lat = it[it.size - 1].shapes[0].latitude
lon = it[it.size - 1].shapes[0].longitude

binding.tvLatlon.text = "%.5f, %.5f".format(lat, lon)

Figure 6. A screenshot of coding for retrieving the solar irradiance dataset

2.4. PV output power, solar PV capacity and module quantity

KawanSurya calculates rooftop PV output power using the HOMER software’s equation,
considering factors like derating factor and solar absorptivity and transmittance. The derating factor considers
panel dirt, wire loss, shadowing, snow coverage, and aging. The tool calculates an estimated value of 0.77
[24] to determine the impact of these parameters on the performance of the rooftop PV system. Solar
absorptivity and transmittance are calculated using the product of 0.9 or 90% [25]. The equations used to
determine rooftop PV output power and PV cell temperature are as (1):

KawanSurya: an Android-based mobile app for assessing the techno-economic potential ... (Yusak Tanoto)
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Poy = Yoy fpv (i) [1+4 ap(Tc — Tesrc)] 1

GTsTC

where Ppy, is PV output (kW); Ypy is rated capacity solar PV array in standard test conditions (kW); fpy is a
derating factor (%); Gy is the solar radiation incident on the PV array in the current time step (KW/m?);
Grsrc is the incident radiation at standard test conditions (1 kW/m?); a,, is the temperature coefficient of
power (%/°C); T, is the PV cell temperature in the current time step (°C); and T¢ s is the PV cell
temperature under standard test conditions (25°C).

G Nmp,sTc(1-9pTc,sTC)
Ta“‘(Tc,NOCT_Tu,NOCT)(GT'NT:)CT)(l 2 —
<7 51 (T Te) @)
GT,NOCT @

1+(Tc,NOCT—Ta,Nocr)(

where T, is the PV cell temperature (°C); T, is the ambient temperature (°C); T, nocr is the nominal
operating cell temperature (°C); T, yocr IS the ambient temperature at which the NOCT is defined (20°C); G
is the solar radiation striking the PV array (KW/m?); Gr yocr is the solar radiation at which the NOCT is
defined (0.8 KW/m?); 1), sr¢ is the maximum power point efficiency under standard test conditions (%); a,
is temperature coefficient of power (%); T, src is the cell temperature under standard test conditions (25°C);
T is the solar transmittance of any cover over the PV array (%); and «a is the solar absorptance of the PV array
(%). The tool predicts solar PV’s electricity output power over multiple years, considering yearly power loss
using (3):

PVout year n = PVout yearty X (1 — yearly rate of PV, degradation (%)) x (n— 1) 3)

The tool is designed to limit solar PV module capacity to 100% of a household’s contracted
electricity. The tool determines the number of modules and PV capacity by comparing the maximum power
generated by all solar modules with the user’s maximum power (Watt-peak) or a 100% permitted capacity
equal to the household contracted power.

2.5. Location and area page

The location and area page allows users to estimate the available roof area for solar PV modules by
drawing a polygon and clicking on the areas on the house’s roof. The program uses the MapDrawingManager
library to compute the area, which is an effective area considering 80% of the true size of the measured polygon.
This usable roof space shows 80% of the total area within the polygon for installation and maintenance
purposes. The program uses the site’s coordinates and the roof area to provide accurate information.

2.6. Economic parameters page

The economic parameters page allows users to define the economic parameters of a rooftop PV
system, including inverter price, lifetime, capital cost, electricity price, feed-in tariff, annual O&M cost,
annual electricity price increase, inflation rate, discount rate, and project lifetime, for economic analysis
purposes. KawanSurya uses payback period analysis to evaluate the economic feasibility of monocrystalline
silicon-based PV module systems [26], [27], in addition to return on investment (ROI) and NPV.

The study includes simple and discounted payback periods, with the present value (PV) calculated
using an assumed interest rate [28]. The discount factor (DF) is based on the assumed discount rate. ROI
measures the profitability of the system, defined as the ratio of net benefits (NPV) to the initial investment. A
negative ROI indicates the investment is not profitable. The equations for calculating the simple or
discounted payback period, ROI, and NPV are as (4) and (5):

_ ccNb _ . _ d —n' _ .\
PP = Nb+—-i PV = S X Fpy; DF = (1 +—100) JIF = (1 + i) (4)
a+in, . NPV
FPW = a+d)n’ NPV = Z PVincome - ZPVcostr ROI = Capital Cost (5)

where PP is payback period; Nb is the year before recovery; ccNb is cumulative cash flow in the year before
recovery; and ncNa is net cash flow in the year after recovery; PV is the present value of S in year n; S is cash
flow in the year n; Fpy, is a present worth factor in the year n; i is inflation rate; d is the discount rate; and n is
year.
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3. RESULTS AND DISCUSSION

This section presents the simulation results conducted on KawanSurya, focusing on testing features
and obtaining techno-economic results. Initial tests were performed to verify and validate the application's
functionality, including processing electrical load data and retrieving solar irradiance data using an API. The
findings and implications of these tests are discussed in detail.

3.1. Preliminary tests on electrical loading and solar irradiance data retrieval

The electrical loading test evaluates the data gathering and processing for all appliances in a tool.
The information is recorded in a local database and used during computation. The testing ensures accurate
retrieval and processing of the data by adjusting the debug log level on the calculation page. The testing uses
database-based electrical load data, listing appliances, power, on-time, and off-time. The tool calculates
operating hours based on these values, resulting in 2 hours of operation for an on-time value of 1 and an
off-time value of 3.

Solar irradiance data retrieval through API is tested to determine whether the geographical location
entered the tool and the retrieval of solar irradiance data. The tool considers solar irradiation in terms of the
average monthly sum of global irradiation (GI) per square meter received by the modules (W/m?/month). It is
conducted by carrying out the debug log level. The testing site is at latitude 3.589 and longitude 114.893,
with a tilt angle of 30° and azimuth of 0° (South facing).

Tables 1 and 2 provide examples of data submitted for processing electrical load data, including the
outcome of each appliance’s operational period, and an example of the testing results for hourly temporal-
based electrical load data processing, respectively. Meanwhile, Table 3 shows the locations debug log results,
along with the corresponding irradiance data. The GI data originates from PVGIS’s default solar dataset for
the region, the PVGIS-SARAH dataset, which spans 2005 to 2016 and is available on an hourly temporal
basis.

Table 1. Examples of data entered for processing the electrical load data
Electrical load  Quantity Wattage (W)  Operational hours  Duration
a 4 99 05:00-07:00 2.25 hours
b 5 100 10:00-02:00 16 hours

Table 2. Testing results of electrical load data processing
Time  Wattage (W)  Time  Wattage (W) Time  Wattage (W)

00:00 500 08:00 0 16:00 500
01:00 500 09:00 0 17:.00 500
02:00 0 10:00 500 18:00 500
03:00 0 11:00 500 19:00 500
04:00 0 12:00 500 20:00 500
05:00 396 13:00 500 21:00 500
06:00 396 14:00 500 22:00 500
07:00 99 15:00 500 23:.00 500

Table 3. Testing results of the average monthly sum of global irradiation data retrieval
Time  GI(W/m? Time GI(W/m? Time Gl (W/m?

00:00 0 08:00 151971 16:00 3,582.74
01:00 0 09:00 2,89866  17:00  1,968.99
02:00 0 10:00 5,058.98  18:00 533.57
03:00 0 11:.00  6,803.24  19:00 0
04:00 0 12:.00 7,669.45  20:00 0
05:00 0 13:00 756126  21:00 0
06:00 0 14:00 6,626.56  22:00 0
07:00 83.92 15:00 519340  23:00 0

3.2. Simulation settings and results

The study explores the techno-economic implications of on-grid rooftop PV systems in households,
considering low maximum power capacity scenarios and six policy-setting scenarios. It considers bill
reduction, inflation, increased electricity tariffs, and load profile. Table 4 shows electrical loads in the
household, including quantity, wattage, and on-time-off-time.

KawanSurya: an Android-based mobile app for assessing the techno-economic potential ... (Yusak Tanoto)
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Table 4. Electrical loads in a household with a 2,200VA power contract
Electrical load Quantity  Wattage On-time Off-time

Refrigerator 1 80 24 hours -

Rice cooker 1 300 17:00 17:40
Iron 1 300 09:00 10:00
Water pump 1 600 07:00 08:30
Washing machine 1 150 08:00 09:00
Laptop 2 100 20:00 22:00
Water heater 1 500 05:30 06:30
ACY2hp 2 375 20:00 05:30
AC 1 hp 1 750 20:00 05:30
TV 1 80 20:00 22:00
Lamp 15 10 17:30 22:00
Lamp 5 10 22:00 05:30

Simulation-1 (S-1) is a case study of a household with a 2,200 VA power contract in Tropodo,
Sidoarjo Regency, East Java, with standard household appliances. The study examines the use of a solar
power (PV) system on the roof, focusing on the polygon drawn on the West-facing area. The user interface
shows the house’s latitude and longitude (-7.360 and 112.754, respectively), and it is usable roof area
(26.49 m?). The simulation is based on a 100 Wp monocrystalline solar PV module [30], with specifications
including size, capacity, efficiency, NOCT, and annual output power reduction. The economic parameters
include inverter prices, system capital cost, electricity prices, export electricity prices, and annual operation
and maintenance costs, with a 30° roof tilt angle and 90° azimuth, with the azimuth facing west, as provided
by the PVGIS input API [20].

The economic parameters of a solar power system include inverter prices, system capital costs,
electricity prices, export electricity prices, and O&M costs per year. The inverter costs IDR 4,290,000, 13%
of the total system capital cost. The discount rate is 5%, annual growth on electricity price is 0%, and
inflation is 0%. The O&M cost for a PV system is IDR 0, and the electricity price is based on a 2,200 VA
power contract with a 100% sellback rate for exporting to the grid. The tool can support a 0% sellback rate if
a policy change prevents rooftop PV owners from exporting electricity to the network. The investment cost
for installing 1 kWp of rooftop PV is IDR 15 million, totalling IDR 33 million.

The technical and economic parameters for S-1 are as follows: contracted power capacity is
2,200 VA, maximum rooftop PV capacity is 2,200 Wp, size per module 0.67 m?, capacity per module is
100 Wp, module efficiency (STC) is 14.92%, nominal operating cell temperature is 45°C, temperature
coefficient of power is -0.39%/°C, tilt angle 30°, azimuth 90°, output power reduction per year 0.8%, inverter
price is IDR 4,290,000, inverter lifetime 15 year, system capital cost (exclude inverter price) is IDR
28,710,000, electricity price is IDR 1,444.7, export electricity price is IDR 1,444.7, electricity price increase
per year IDR 0, discount rate 5%, project lifetime 25 year.

KawanSurya’s techno-economic analysis is divided into four sections: user baseline, PV system,
load profile scenario with daily PV output, and investment. The user baseline includes the daily load curve,
geographic coordinates, roof size, contracted power, and total electrical load per day, month, and year. For
the case of S-1 and given the selected location, they are 19.83 kWh, 603.56 kWh, and 7246.76 kWh,
respectively. The generated load curve is then used to calculate electricity export, billing, and savings from
the PV system.

The PV system part includes simulation results for module number, total capacity, needed area, tilt
angle, azimuth, hourly output curve, and total output over project lifetime. The output curve is generated
using irradiation data from the PVGIS API and technical parameters. The calculation shows that the installed
capacity is limited to a contracted power of 2,200 VA. The necessary area is smaller than the available area.
An asterisk (*) indicates that the total PV output was calculated before any reduction in power output. The
total PV output, calculated before any reduction in power output, is 7.95 kWh/day, 241.90 kWh/month, and
2,902.83 kWh/year in this scenario. The graph below shows the decrease in PV output power over the
project’s lifetime, using a technical parameter of 0.8% power output reduction per year.

Figure 7 exhibits the S-1 results displaying user interfaces of KawanSurya; i) the screenshot of the
location and roof area, ii) the user baseline, and iii) the PV system. As previously stated in section 2.5,
Figure 7(a) depicts a screenshot of the house coordinates and roof area in KawanSurya. It shows the house’s
coordinates of -7.360° (South Latitude), 112.754° (East Longitude), and the calculated usable roof area of
26.49 m2 [Meanwhile, Figure 7(b) depicts the load curve scenario with information on total electrical load,
while Figure 7(c) depicts a simulated curve of daily PV output and total PV output per day, month, and year.
Figure 7(c) also shows how PV output degrades over time.l

Commented [YT2]: This additional sentences are for the caption
of Figure 7(b) and Figure 7(c)

Bulletin of Electr Eng & Inf, Vol. 14, No. 1, February 2025: 1-1x



Bulletin of Electr Eng & Inf

ISSN: 2302-9285

1119

[y Lot long 7360 myss
Uhuran: 2649 meter®

Figure 8 depicts the user interface/results for the load profile scenario; Figure 8(a) shows PV output
and load profiles, hourly electricity load after PV installation, the portion covered by PV, and the amount of
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- Availoble Area 2391 meter®

290283 kWh

- Effective Area 19.13 meter®
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Figure 7. The user interface of KawanSurya; (a) the screenshot of the location and roof area, (b) the user
baseline, and (c) the PV system of S-1
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electricity exported from PV to the grid, and Figure 8(b) investment section. As shown in Figure 8, the total
electrical load after PV installation is 18.23 kWh/day, 554.99 kWh per month, and 6,659.93 kWh/year, while
PV meets a total electrical load of 1.60 kWh/day, 48.58 kWh/month, and 582.97 kWh annually. The total
electricity export is 6.35 kWh/day, 193.32 kWh/month, and 2,319.87 kWh annually. the investment section
analyses the economic feasibility of rooftop PV, revealing net savings of IDR 11,482/day, IDR
349,477/month, and IDR 4,193,725 annually. The monthly electricity bill before and after installation is
based on net savings from PV. The cash flow graph shows a discounted payback of 10.85 years at a 5%
discount rate, an ROI of 59.21%, and an NPV of IDR 19,539,262.80. The S-1 scenario results in a discounted
payback period of 10.74 years at a 5% discount rate and 100% bill reduction factor. However, successive
scenarios, including varying inflation rates and rising electricity bills, have influenced the system's

discounted payback period.
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Figure 8. The user interface/results of S-1 for the load profile scenario; (a) PV output and load profiles and

(b) investment
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Simulation-2 (S-2) uses the same technical and economic parameters as S-1, resulting in a payback
period of 19.79 years, twice the prior period. This is due to a 65% bill reduction factor, which reduces the
power export price to 65% of the electricity rate per kWh. The modelled load profile shown in Figure 8 does
not support maximising solar PV energy usage during the day, particularly between 09:00-15.00.
Simulation-3 (S-3) adjusts the electrical load profile to a constant load while maintaining the 65% bill
reduction factor from S-1. This scenario increases the energy supplied by the PV system to offset the load but
reduces customer income from exporting electricity. The payback period is 11.79 years, one year longer than
S-1. The overall electrical load changes, with 13.12 kWh/day, 399.35 kWh/month, and 4,792.25 kWh/year
after PV installation.

Simulation-4 (S-4) assumes a 2% inflation rate while leaving all other parameters the same as S-1.
The inclusion of inflation is intended to assess the impact of inflation on the payback period. Inflation can
harm the economy but could benefit users by lowering the discount rate for power exported to the grid. The
simulation yields a discounted payback period of 9.43 years or shorter than S-1 to S-3, allowing investors to
recoup their initial investment faster. Simulation-5 (S-5) introduces a 2% annual increase in electricity tariffs
while leaving all other parameters the same as S-1. This scenario benefits rooftop PV users by increasing
income received, and calculating a discounted payback period of 9.66 years, assuming a 100% export rate. It
should be noted that the payback period for PV users can be reduced by adjusting their daily electrical load
profile between 7 a.m. and 5 p.m. and increasing daytime usage to lower the cost impact on billing caused by
evening and nighttime loading. Table 5 presents possible discounted payback periods under various
scenarios, including bill reduction factors, electricity load, inflation rates, increases in electricity tariffs, and
minimum bill limits.

Table 5. Discounted payback periods due to different scenarios

No. Scenario Discounted payback period (year)
1. Simulation-1 (S-1) 10.74

2. S-2: with 1 65% bill reduction factor 19.79

3. S-3: with a 65% bill reduction factor and constant electrical load 1179

4. S-4: with a 2% inflation rate 9.43

5. S-5: with an annual increase of 2% in electricity tariff 9.66

6. S-6: minimum bill limit Exceed project lifetime

3.3. Discussions

Residential customers prefer systems with higher NPV and ROI, but decisions should also consider
the ROI and NPV of different scenarios and electrical load patterns. Higher daytime energy usage is
preferred for maximum electricity consumption. It should be noted that the discounted payback period of the
simulated on-grid rooftop PV system is significantly influenced by electrical load profiles and bill reduction
factors. A 65% bill reduction factor and the same load profile increase the discounted payback period.
However, a 0% billing reduction factor or no compensation for selling back electricity to the grid can exceed
the discounted payback period, making it advisable for rooftop PV system owners to increase electrical
loading during the daytime. Inflation rates can help residential projects achieve shorter payback periods
without significantly impacting financial cash flow, and well-compensated electricity exports are achieved
regardless of daytime usage. KawanSurya reveals that a rooftop PV system's payback period can exceed the
project's lifetime due to a set electricity bill limit, making the system uneconomical. Meanwhile, the accuracy
and capability of the tool can be improved because it does not account for variables such as temperature, dirt,
shade, and weather conditions.

4.  CONCLUSION

Understanding the techno-economic potential of rooftop solar PV systems is crucial for increasing
renewable energy penetration. Independent evaluation tools like KawanSurya help customers assess the
potential of these systems, improving public knowledge and addressing misconceptions about costly
technology tariffs. KawanSurya can be used to evaluate the techno-economic potential of installing on-grid
rooftop PV under various scenarios, including daily load profiles, inflation, increased electricity tariffs, and
billing reduction factors.

This study generated simulation results for a typical 2,200 VA household, resulting in a payback
period of 9.44 years or longer. While the results are influenced by electrical load profiles and bill reduction
factors, incorporating inflation rates in the simulations can help recover initial investment sooner. The 2%
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inflation rate resulted in a discounted payback period of 9.43 years, shorter than the default scenario and a
65% billing reduction factor. Adjusting the daily load profile and increasing daytime usage between 7 a.m.
and 5 p.m. can reduce the payback period, while increased electricity tariffs may benefit users assuming a
100% export rate. Future work may include studies to enhance KawanSurya’s capabilities and accuracy, as
well as to broaden its capabilities to include off-grid and hybrid rooftop PV systems and to incorporate other
factors influencing system performance.
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Many developing countries, including Indonesia, are progressing poorly in
residential rooftop photovoltaic (PV) adoption, including on-grid systems.
On the customer side, the decision to implement on-grid rooftop PV or rely
only on power from the utility grid has often been made without appropriate
knowledge of techno-economic considerations. This includes the impression
of high system costs. This paper introduces KawanSurya: PV calculator, a
solar rooftop PV techno-economic application for Android mobile phones,
designed to help residential customers assess the potential of installing on-
grid rooftop PV systems. The tool allows users to select a specific
geographic location, calculate daily load profiles, and determine available
roof areas. It uses irradiance data from the PVGIS APl and HOMER’s solar
PV output equation to determine hourly PV output power. Simulation results
for a typical 2,200 VA household show a payback period of 9.44 years or
beyond, significantly influenced by electrical load profiles and bill reduction

factors. A 65% bill reduction factor and similar load profile prolong the
payback period, while a 0% billing reduction factor or uncompensated
electricity sales may exceed the project’s lifetime.
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1. INTRODUCTION

The Paris Agreement aims to reduce global greenhouse gas emissions to keep global temperature
rise below 2°C and 1.5°C [1]. The electricity industry is transitioning to renewable energy technology, with
renewable energy accounting for over 83% of additional capacity in 2022. Wind and solar, including rooftop
photovoltaic (PV), account for 91% of additional capacity [2], [3]. Proper legislation and support are crucial
for rooftop solar photovoltaics to reduce greenhouse gas emissions [4]. Indonesia, like many developing
nations, is making slow progress in residential rooftop PV adoption. The Indonesian government aims to
achieve a 23% renewable energy mix by 2025, including 6.5 GW of solar PV [5]. However, achieving this
target is challenging due to slow installed capacity [6]. The potential for solar rooftop PV adoption is positive
due to cost reductions worldwide [7]. Capacity deployment requires supportive policies, comprehensive
information dissemination, and government incentives [8], [9].

Numerous studies have identified challenges to residential rooftop PV adoption, including
economic, technical, and social barriers, primarily focusing on monetary costs and benefits [10], knowledge
and information aspects [11], and social and regulatory aspects [12]. In Indonesia, these include high initial
investment costs, lack of access to installation services, information availability, disadvantageous PV export
tariffs, and policy inconsistencies [13]. Improving public knowledge and clearing up misperceptions about

Journal homepage: http://beei.org


https://creativecommons.org/licenses/by-sa/4.0/

32 a ISSN: 2302-9285

costly technology tariffs and policy inconsistencies are among the important efforts to increase rooftop PV
deployment [10]. Residential customers are increasingly considering solar PV energy to reduce electricity
bills. However, technical and economic factors like usage compared to total electricity consumption and
investment feasibility are crucial. Customers need a tool that provides an adequate system overview to assess
the techno-economic potential of installing rooftop PV. Limited, independent applications and tools are
available to help customers assess the potential of solar rooftop PV in their homes.

Photovoltaic geographical information system (PVGIS) [14] and PVWatts calculator [15] are
web-based tools developed by the European Commission and The National Renewable Energy Laboratory to
assess the performance of solar power (PV) systems in specific geographic regions. They are used in rooftop
PV techno-economic studies to compare the performance of free-standing and rooftop PV systems in
different climatic zones [16] and evaluate residential PV systems with tiered rates and net metering [17].
PVGIS provides simulation outputs like yearly PV energy output, variability, electricity cost, monthly PV
energy output, and horizon outline, but does not consider user load profile, resulting in the system’s payback
period. PVWiatts offers an optional analysis considering roof area but does not account for user load profile.
SolarHub, an Indonesian rooftop PV calculator, estimates solar PV capacity, energy generation, system costs,
roof area, CO, emissions, and payback period. The tool can be accessed at https://kalkulator.solarhub.id/.

This paper introduces KawanSurya: PV calculator (which in English means ‘solar friend’), a free
Android tool for evaluating potential PV installations on-grid rooftops. The tool allows users to select a
specific location, calculate daily load profiles, measure roof area, and calculate hourly PV output power using
irradiation data from the PVGIS API [18] and HOMER’s PV output equation [19], while also including the
effect of shading [20] through the derating factor. The tool is designed to be a useful alternative to web-based
applications for information dissemination about rooftop PV. The paper presents a methodological
contribution to renewable energy literature, focusing on customer education and information dissemination
on rooftop solar PV. It is intended for Indonesia's residential sector but can be used to simulate installation
potential in other jurisdictions. The paper is structured into sections, including design method, results,
discussions, and conclusions.

2. METHOD
2.1. Development, navigation, and database of KawanSurya

KawanSurya is an Android tool designed for data processing, calculation, and user interface
components. It is built using Kotlin, the native high-level programming language for Android, and Android
Studio for data processing. The tool is intended for Android versions 8 to 13. The interface is organised into
five main sections: electrical load, location and area, technical parameters, economic parameters, and
calculation. An Information page and user guide are also available. Figure 1 depicts the Android-based user
interface of KawanSurya; Figure 1(a) in English, and Figure 1(b) in Indonesia after it has been downloaded
and run.

e

Surya

Electrical Load Location & Area

® B © B
@ coctn @ ot

(@) (b)

Figure 1. The Android-based user interface of KawanSurya; (a) in English and (b) in Indonesia
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The KawanSurya App is available online and can be downloaded from the following link:
https://play.google.com/store/apps/details?id=com.christophermarvel.pvcalc. KawanSurya is a comprehensive
tool for estimating the techno-economic potential of an on-grid rooftop solar PV system, involving user input,
irradiance data retrieval, energy production calculation, daily load curve generation, PV system output power
computation, and outcomes presentation, based on household appliances, operation hours, technical parameters,
roof area, and location. The PVGIS API retrieves irradiance data from 2005 to 2016, with a one-hour time step.
The tool calculates energy production, generates a daily load curve, and determines the required area for rooftop
PV installations. It calculates net present value (NPV), return on investment (ROI), payback period, and cash
flow. Finally, the tool displays all the results, providing a comprehensive overview of the solar PV system's
potential. Figure 2 depicts the flowchart for KawanSurya. It particularly shows stages for using the tool, which
include entering the appropriate parameters, computing inputs, and presenting outcomes.

User Input Electrical Load, Lecation & Roof Area,
Technical Parameters, dan Economic Parameters

Local
Database
v h

h
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Module Count
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KawanSurya is designed to demonstrate the techno-economic feasibility of an on-grid rooftop PV
installation. It is the user interface designed with either low- or high-fidelity wireframes to merge practical
and aesthetic aspects. KawanSurya uses the room database, a library provided by Android Jetpack [21], to
process a local database. Room Database is built on top of SQLite [22], a database engine used in Android
applications. The tool has four distinct entities: Task, Dpd, Eko, and Map. Users can specify the tables to
contain data for each entity. Navigation and class diagrams depict the system structure, with a class diagram
of the location and area page. Figures 3 and 4 show the navigation diagrams for KawanSurya and the
developed database for the tool, respectively. Meanwhile, Figure 5 shows a class diagram of the location and
area page.
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Figure 2. Flowchart of KawanSurya

KawanSurya: an Android-based mobile app for assessing the techno-economic potential ... (Yusak Tanoto)


https://play.google.com/store/apps/details?id=com.christophermarvel.pvcalc

ISSN: 2302-9285

Homepage “ Homepage Info
Electrical Load Location and Technical Economic Calculation
Roof Area Parameters Parameters
. Edit/add . . .
Electrical Load ’ Location and Technical Economic !
EIE;Z':aI Roof Area Info Parameter Info Parameters Info Calculation Info

Figure 3. KawanSurya navigation diagram
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Figure 5. A class diagram of the location and area page

Bulletin of Electr Eng & Inf, Vol. 14, No. 1, February 2025: 31-42



Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 35

2.2. Electrical load page

The electrical load page allows users to add electrical loads or appliances by clicking the ‘Add’
button to enter their name, amount, active power, and operational hours. The tool calculates operational hours
by subtracting on-time and off-time. Users can input various appliance data to gather a 24-hour electrical
load on their premises. This data generates daily electrical load data and curves, estimating self-consumed
PV energy and excess energy sent back to the grid.

2.3. Technical parameters page

The technical parameters page on the rooftop PV system installation tool allows users to input
various technical parameters, including installed PLN contracted power capacity (VA), maximum rooftop PV
capacity, (Watt-peak, Wp), module size (m?), PV module efficiency (%), nominal operating cell temperature
(°C), and temperature coefficient of power (%/°C). Other parameters include tilt angle (°), azimuth
(0°=South, 90°=West, -90°=East), and annual power output reduction (%). The tool allows users to change
the parameters and define settings for their installation plan but also provides default values for simulation.
This helps in calculating the system’s hourly power output and evaluating economic performance. Irradiance
data is crucial for calculating rooftop PV system output power. KawanSurya uses the PVGIS API to obtain
data from the PVGIS SARAH-2 dataset [23], which contains sun irradiance data from 2005 to 2016. Retrofit
is used to create an API request with parameters like latitude, longitude, month, output format, local time,
global, angle, aspect, and temperatures. Figure 6 shows a part of the code created to retrieve the solar
irradiance dataset for a specific place from PVGIS.

interface Apilnterface {
@GET("api/v5_2/DRcalc")

fun getDatas(@Query("lat") lat: Double,
@Query("lon") lon: Double,
@Query("month") month: Int
@Query("ouputformat") ouputFormat: String,
@Query("localtime") localtime: Int,
@Query("global") global: Int,
@Query("angle") angle: Double,
@Query("aspect") aspect: Double,
@Query("showtemperatures") temp: Int
) : Call<ResponseData>
}
object RetrofitHelper {

val baseUrl = "https://re.jrc.ec.euxopa.eu/"

fun getInstance(): Retrofit {
return Retrofit.Builder().baseUrl(baseUrl)
.addConverterFactory(GsonConverterFactory.create())
.build()
}
}
private fun getDatas() {
val api = RetrofitHelper.getInstance().create(ApiInterface::class.java)
val viewModel2 = ViewModelProvider(this)[FragMapViewModel: :class.javal
lifecycleScope.launch {
var lat: Double
var lon: Double
viewModel2.getAllShapes().collect {
if (it.isNotEmpty()) {

lat = it[it.size - 1].shapes[0].latitude
lon = it[it.size - 1].shapes[0].longitude

binding.tvLatlon.text = "%.5f, %.5f".format(lat, lon)

Figure 6. A screenshot of coding for retrieving the solar irradiance dataset

2.4. PV output power, solar PV capacity and module quantity

KawanSurya calculates rooftop PV output power using the HOMER software’s equation,
considering factors like derating factor and solar absorptivity and transmittance. The derating factor considers
panel dirt, wire loss, shadowing, snow coverage, and aging. The tool calculates an estimated value of 0.77
[24] to determine the impact of these parameters on the performance of the rooftop PV system. Solar
absorptivity and transmittance are calculated using the product of 0.9 or 90% [25]. The equations used to
determine rooftop PV output power and PV cell temperature are as (1):
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Ppy = Ypy fpy (G_) [1+ ap(T, — T¢src)l 1)

T
GT,STC

where Ppy, is PV output (kW); Ypy, is rated capacity solar PV array in standard test conditions (KW); fpy is a
derating factor (%); G is the solar radiation incident on the PV array in the current time step (KW/m?);
Grsrc is the incident radiation at standard test conditions (1 kW/m?); a,, is the temperature coefficient of
power (%/°C); T, is the PV cell temperature in the current time step (°C); and T, sr¢ is the PV cell
temperature under standard test conditions (25°C).

Gr Ump,stc(1-apTcsTc)
Ta+(Tc,NOCT—Ta,NOCT)<GT NOCT)(l pv

GT )(ap‘lmp,STC) (2)

GT.NOCT Ta

T, =

1+ (TC,NOCT_Ta,NOCT)(

where T, is the PV cell temperature (°C); T, is the ambient temperature (°C); T nocr IS the nominal
operating cell temperature (°C); T, nocr is the ambient temperature at which the NOCT is defined (20°C); G
is the solar radiation striking the PV array (kW/m?2); G yocr is the solar radiation at which the NOCT is
defined (0.8 KW/m?); Ny, sr¢ is the maximum power point efficiency under standard test conditions (%); a,,
is temperature coefficient of power (%); T, sr¢ is the cell temperature under standard test conditions (25°C);
T is the solar transmittance of any cover over the PV array (%); and « is the solar absorptance of the PV array
(%). The tool predicts solar PV’s electricity output power over multiple years, considering yearly power loss
using (3):

PVout year n = PVout yearty X (1 — yearly rate of PVy,degradation (%)) x (n — 1) 3)

The tool is designed to limit solar PV module capacity to 100% of a household’s contracted
electricity. The tool determines the number of modules and PV capacity by comparing the maximum power
generated by all solar modules with the user’s maximum power (Watt-peak) or a 100% permitted capacity
equal to the household contracted power.

2.5. Location and area page

The location and area page allows users to estimate the available roof area for solar PV modules by
drawing a polygon and clicking on the areas on the house’s roof. The program uses the MapDrawingManager
library to compute the area, which is an effective area considering 80% of the true size of the measured polygon.
This usable roof space shows 80% of the total area within the polygon for installation and maintenance
purposes. The program uses the site’s coordinates and the roof area to provide accurate information.

2.6. Economic parameters page

The economic parameters page allows users to define the economic parameters of a rooftop PV
system, including inverter price, lifetime, capital cost, electricity price, feed-in tariff, annual O&M cost,
annual electricity price increase, inflation rate, discount rate, and project lifetime, for economic analysis
purposes. KawanSurya uses payback period analysis to evaluate the economic feasibility of monocrystalline
silicon-based PV module systems [26], [27], in addition to return on investment (ROI) and NPV.

The study includes simple and discounted payback periods, with the present value (PV) calculated
using an assumed interest rate [28]. The discount factor (DF) is based on the assumed discount rate. ROI
measures the profitability of the system, defined as the ratio of net benefits (NPV) to the initial investment. A
negative ROI indicates the investment is not profitable. The equations for calculating the simple or
discounted payback period, ROI, and NPV are as (4) and (5):

_ ccNb | _ . _ a\ " _ . \n
PP = Nb+<22 PV = § X Fpy; DF = (1 +—100) JF = (1 + i) &)
= WD ypy = - ROl = — NPV
FPW - (1+d)nl NPV - ZPVincome ZPVCOSt’ RO[ - Capital Cost (5)

where PP is payback period; Nb is the year before recovery; ccNb is cumulative cash flow in the year before
recovery; and ncNa is net cash flow in the year after recovery; PV is the present value of S in year n; S is cash
flow in the year n; Fpy, is a present worth factor in the year n; i is inflation rate; d is the discount rate; and n is
year.
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3. RESULTS AND DISCUSSION

This section presents the simulation results conducted on KawanSurya, focusing on testing features
and obtaining techno-economic results. Initial tests were performed to verify and validate the application's
functionality, including processing electrical load data and retrieving solar irradiance data using an API. The
findings and implications of these tests are discussed in detail.

3.1. Preliminary tests on electrical loading and solar irradiance data retrieval

The electrical loading test evaluates the data gathering and processing for all appliances in a tool.
The information is recorded in a local database and used during computation. The testing ensures accurate
retrieval and processing of the data by adjusting the debug log level on the calculation page. The testing uses
database-based electrical load data, listing appliances, power, on-time, and off-time. The tool calculates
operating hours based on these values, resulting in 2 hours of operation for an on-time value of 1 and an
off-time value of 3.

Solar irradiance data retrieval through API is tested to determine whether the geographical location
entered the tool and the retrieval of solar irradiance data. The tool considers solar irradiation in terms of the
average monthly sum of global irradiation (GI) per square meter received by the modules (W/m?/month). It is
conducted by carrying out the debug log level. The testing site is at latitude 3.589 and longitude 114.893,
with a tilt angle of 30° and azimuth of 0° (South facing).

Tables 1 and 2 provide examples of data submitted for processing electrical load data, including the
outcome of each appliance’s operational period, and an example of the testing results for hourly temporal-
based electrical load data processing, respectively. Meanwhile, Table 3 shows the locations debug log results,
along with the corresponding irradiance data. The GI data originates from PVGIS’s default solar dataset for
the region, the PVGIS-SARAH dataset, which spans 2005 to 2016 and is available on an hourly temporal
basis.

Table 1. Examples of data entered for processing the electrical load data
Electrical load  Quantity Wattage (W)  Operational hours  Duration (hours)
a 4 99 05:00-07:00 2
b 5 100 10:00-02:00 16

Table 2. Testing results of electrical load data processing
Time Wattage (W) Time Wattage (W) Time Wattage (W)

00:00 500 08:00 0 16:00 500
01:00 500 09:00 0 17:00 500
02:00 0 10:00 500 18:00 500
03:00 0 11:00 500 19:00 500
04:00 0 12:00 500 20:00 500
05:00 396 13:00 500 21:00 500
06:00 396 14:00 500 22:00 500
07:00 99 15:00 500 23:00 500

Table 3. Testing results of the average monthly sum of global irradiation data retrieval
Time GI(W/m? Time GI(W/m?) Time Gl (W/m?

00:00 0 08:00 1519.71  16:00 3,582.74
01:00 0 09:00 2,898.66 17:00 1,968.99
02:00 0 10:00  5,058.98  18:00 533.57
03:00 0 11:00  6,803.24  19:00 0
04:00 0 12:00 7,669.45  20:00 0
05:00 0 13:00 7,561.26  21:00 0
06:00 0 14:00 6,626.56  22:00 0
07:00 83.92 15:00 519340  23:00 0

3.2. Simulation settings and results

The study explores the techno-economic implications of on-grid rooftop PV systems in households,
considering low maximum power capacity scenarios and six policy-setting scenarios. It considers bill
reduction, inflation, increased electricity tariffs, and load profile. Table 4 shows electrical loads in the
household, including quantity, wattage, and on-time-off-time.
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Table 4. Electrical loads in a household with a 2,200VA power contract
Electrical load Quantity Wattage On-time  Off-time

Refrigerator 1 80 24 hours

Rice cooker 1 300 17:00 17:40
Iron 1 300 09:00 10:00
Water pump 1 600 07:00 08:30
Washing machine 1 150 08:00 09:00
Laptop 2 100 20:00 22:00
Water heater 1 500 05:30 06:30
AC % hp 2 375 20:00 05:30
AC1hp 1 750 20:00 05:30
TV 1 80 20:00 22:00
Lamp 15 10 17:30 22:00
Lamp 5 10 22:00 05:30

Simulation-1 (S-1) is a case study of a household with a 2,200 VA power contract in Tropodo,
Sidoarjo Regency, East Java, with standard household appliances. The study examines the use of a solar
power (PV) system on the roof, focusing on the polygon drawn on the West-facing area. The user interface
shows the house’s latitude and longitude (-7.360 and 112.754, respectively), and it is usable roof area
(26.49 m?). The simulation is based on a 100 Wp monocrystalline solar PV module [30], with specifications
including size, capacity, efficiency, NOCT, and annual output power reduction. The economic parameters
include inverter prices, system capital cost, electricity prices, export electricity prices, and annual operation
and maintenance costs, with a 30° roof tilt angle and 90° azimuth, with the azimuth facing west, as provided
by the PVGIS input API [20].

The economic parameters of a solar power system include inverter prices, system capital costs,
electricity prices, export electricity prices, and O&M costs per year. The inverter costs IDR 4,290,000, 13%
of the total system capital cost. The discount rate is 5%, annual growth on electricity price is 0%, and
inflation is 0%. The O&M cost for a PV system is IDR 0, and the electricity price is based on a 2,200 VA
power contract with a 100% sellback rate for exporting to the grid. The tool can support a 0% sellback rate if
a policy change prevents rooftop PV owners from exporting electricity to the network. The investment cost
for installing 1 kWp of rooftop PV is IDR 15 million, totalling IDR 33 million.

The technical and economic parameters for S-1 are as follows: contracted power capacity is
2,200 VA, maximum rooftop PV capacity is 2,200 Wp, size per module 0.67 m?, capacity per module is
100 Wp, module efficiency (STC) is 14.92%, nominal operating cell temperature is 45°C, temperature
coefficient of power is -0.39%/°C, tilt angle 30°, azimuth 90°, output power reduction per year 0.8%, inverter
price is IDR 4,290,000, inverter lifetime 15 year, system capital cost (exclude inverter price) is IDR
28,710,000, electricity price is IDR 1,444.7, export electricity price is IDR 1,444.7, electricity price increase
per year IDR 0, discount rate 5%, project lifetime 25 year.

KawanSurya’s techno-economic analysis is divided into four sections: user baseline, PV system,
load profile scenario with daily PV output, and investment. The user baseline includes the daily load curve,
geographic coordinates, roof size, contracted power, and total electrical load per day, month, and year. For
the case of S-1 and given the selected location, they are 19.83 kWh, 603.56 kWh, and 7246.76 kWh,
respectively. The generated load curve is then used to calculate electricity export, billing, and savings from
the PV system.

The PV system part includes simulation results for module number, total capacity, needed area, tilt
angle, azimuth, hourly output curve, and total output over project lifetime. The output curve is generated
using irradiation data from the PVGIS API and technical parameters. The calculation shows that the installed
capacity is limited to a contracted power of 2,200 VA. The necessary area is smaller than the available area.
An asterisk (*) indicates that the total PV output was calculated before any reduction in power output. The
total PV output, calculated before any reduction in power output, is 7.95 kWh/day, 241.90 kwh/month, and
2,902.83 kWh/year in this scenario. The graph below shows the decrease in PV output power over the
project’s lifetime, using a technical parameter of 0.8% power output reduction per year.

Figure 7 exhibits the S-1 results displaying user interfaces of KawanSurya; i) the screenshot of the
location and roof area, ii) the user baseline, and iii) the PV system. As previously stated in section 2.5,
Figure 7(a) depicts a screenshot of the house coordinates and roof area in KawanSurya. It shows the house’s
coordinates of -7.360° (South Latitude), 112.754° (East Longitude), and the calculated usable roof area of
26.49 m2. Meanwhile, Figure 7(b) depicts the load curve scenario with information on total electrical load,
while Figure 7(c) depicts a simulated curve of daily PV output and total PV output per day, month, and year.
Figure 7(c) also shows how PV output degrades over time.
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Figure 7. The user interface of KawanSurya; (a) the screenshot of the location and roof area, (b) the user
baseline, and (c) the PV system of S-1

Figure 8 depicts the user interface/results for the load profile scenario; Figure 8(a) shows PV output
and load profiles, hourly electricity load after PV installation, the portion covered by PV, and the amount of
electricity exported from PV to the grid, and Figure 8(b) investment section. As shown in Figure 8, the total
electrical load after PV installation is 18.23 kWh/day, 554.99 kWh per month, and 6,659.93 kWh/year, while
PV meets a total electrical load of 1.60 kWh/day, 48.58 kWh/month, and 582.97 kWh annually. The total
electricity export is 6.35 kWh/day, 193.32 kWh/month, and 2,319.87 kWh annually. the investment section
analyses the economic feasibility of rooftop PV, revealing net savings of IDR 11,482/day, IDR
349,477/month, and IDR 4,193,725 annually. The monthly electricity bill before and after installation is
based on net savings from PV. The cash flow graph shows a discounted payback of 10.85 years at a 5%
discount rate, an ROI of 59.21%, and an NPV of IDR 19,539,262.80. The S-1 scenario results in a discounted
payback period of 10.74 years at a 5% discount rate and 100% bill reduction factor. However, successive
scenarios, including varying inflation rates and rising electricity bills, have influenced the system's

discounted payback period.
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Simulation-2 (S-2) uses the same technical and economic parameters as S-1, resulting in a payback
period of 19.79 years, twice the prior period. This is due to a 65% bill reduction factor, which reduces the
power export price to 65% of the electricity rate per kwWh. The modelled load profile shown in Figure 8 does
not support maximising solar PV energy usage during the day, particularly between 09:00-15.00.
Simulation-3 (S-3) adjusts the electrical load profile to a constant load while maintaining the 65% bill
reduction factor from S-1. This scenario increases the energy supplied by the PV system to offset the load but
reduces customer income from exporting electricity. The payback period is 11.79 years, one year longer than
S-1. The overall electrical load changes, with 13.12 kWh/day, 399.35 kWh/month, and 4,792.25 kWh/year
after PV installation.

Simulation-4 (S-4) assumes a 2% inflation rate while leaving all other parameters the same as S-1.
The inclusion of inflation is intended to assess the impact of inflation on the payback period. Inflation can
harm the economy but could benefit users by lowering the discount rate for power exported to the grid. The
simulation yields a discounted payback period of 9.43 years or shorter than S-1 to S-3, allowing investors to
recoup their initial investment faster. Simulation-5 (S-5) introduces a 2% annual increase in electricity tariffs
while leaving all other parameters the same as S-1. This scenario benefits rooftop PV users by increasing
income received, and calculating a discounted payback period of 9.66 years, assuming a 100% export rate. It
should be noted that the payback period for PV users can be reduced by adjusting their daily electrical load
profile between 7 a.m. and 5 p.m. and increasing daytime usage to lower the cost impact on billing caused by
evening and nighttime loading. Table 5 presents possible discounted payback periods under various
scenarios, including bill reduction factors, electricity load, inflation rates, increases in electricity tariffs, and
minimum bill limits.

Table 5. Discounted payback periods due to different scenarios

No. Scenario Discounted payback period (year)
1. Simulation-1 (S-1) 10.74

2. S-2: with 1 65% bill reduction factor 19.79

3. S-3: with a 65% bill reduction factor and constant electrical load 11.79

4, S-4: with a 2% inflation rate 9.43

5. S-5: with an annual increase of 2% in electricity tariff 9.66

6.  S-6: minimum bill limit Exceed project lifetime

3.3. Discussions

Residential customers prefer systems with higher NPV and ROI, but decisions should also consider
the ROI and NPV of different scenarios and electrical load patterns. Higher daytime energy usage is
preferred for maximum electricity consumption. It should be noted that the discounted payback period of the
simulated on-grid rooftop PV system is significantly influenced by electrical load profiles and bill reduction
factors. A 65% bill reduction factor and the same load profile increase the discounted payback period.
However, a 0% billing reduction factor or no compensation for selling back electricity to the grid can exceed
the discounted payback period, making it advisable for rooftop PV system owners to increase electrical
loading during the daytime. Inflation rates can help residential projects achieve shorter payback periods
without significantly impacting financial cash flow, and well-compensated electricity exports are achieved
regardless of daytime usage. KawanSurya reveals that a rooftop PV system's payback period can exceed the
project's lifetime due to a set electricity bill limit, making the system uneconomical. Meanwhile, the accuracy
and capability of the tool can be improved because it does not account for variables such as temperature, dirt,
shade, and weather conditions.

4. CONCLUSION

Understanding the techno-economic potential of rooftop solar PV systems is crucial for increasing
renewable energy penetration. Independent evaluation tools like KawanSurya help customers assess the
potential of these systems, improving public knowledge and addressing misconceptions about costly
technology tariffs. KawanSurya can be used to evaluate the techno-economic potential of installing on-grid
rooftop PV under various scenarios, including daily load profiles, inflation, increased electricity tariffs, and
billing reduction factors.

This study generated simulation results for a typical 2,200 VA household, resulting in a payback
period of 9.44 years or longer. While the results are influenced by electrical load profiles and bill reduction
factors, incorporating inflation rates in the simulations can help recover initial investment sooner. The 2%
inflation rate resulted in a discounted payback period of 9.43 years, shorter than the default scenario and a
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65% billing reduction factor. Adjusting the daily load profile and increasing daytime usage between 7 a.m.
and 5 p.m. can reduce the payback period, while increased electricity tariffs may benefit users assuming a
100% export rate. Future work may include studies to enhance KawanSurya’s capabilities and accuracy, as
well as to broaden its capabilities to include off-grid and hybrid rooftop PV systems and to incorporate other
factors influencing system performance.
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