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Study of Solar Photovoltaic Potential and Carbon Dioxide Mitigation in University Buildings by
using Deep Learning Method and Unmanned Aerial Vehicle Technology

Djoko Adi Widodo®, Nur lksan’, Riana Defi Mahadiji Putri *, P. Purwanto®

*Jurusan Teknik Elektro Fakultas Teknik Universitas Negeri Semarang, Indonesia
*Sekolah Pascasarjana Universitas Diponegoro Semarang, Indonesia

Abstract

Menangkap radiasi matahari melalui penyebaran fotovoltaik di atap bangunan tidak hanya akan
menghasilkan energi bersih tetapi juga berperan mereduksi emisi karbon dioksida. Universitas
Negeri Semarang, Indonesia mengekspansi energi surya hingga 2021 telah memasang
fotovoltaik surya atap sekitar 260 kWp pada 8 gedung. Secara bertahap portofolio fotovoltaik
atap akan ditingkatkan untuk mewujudkan visi kampus hijau. Penilaian potensi pembangkit
listrik dari forovoltaik atap sangat penting untuk merumuskan kebijakan integrasi produksi listrik
bersumber matahari. Penelitian ini menyoroti atap gedung yang tertinggi dan insolasi surya
wilayah lokal. Investigasi bertujuan untuk memprediksi potensi eksplorasi fotovoltaik surya atap
bangunan dan potensi pengurangan emisi karbon dioksida. Metode yang digunakan dengan
mengkombinasikan pendekatan deep learning dan foto udara dari kendaraan udara tanpa
awak. Temuan penyelidikan dari 40 unit gedung tertinggi tersedia area atap seluas sekitar
26.645,0 m*, Rata-rata bulanan iradiasi sebesar 5.63 kWh/m°/day. Potensi energi per tahun:
8671,1 GWh (m-Si); 7234,4 GWh (p-Si); 4427,0 GWh (a-Si); dan 7414,3 GWh (CdTe). Berdasar
faktor emisi lokal dapat berpotensi mereduksi per tshun: 7.199.468,9 tonCO, (m-Si);
6.000.536,3 tonCO, (p-Si); 3.674.417,7 1onCO, (3-Si) dan 6.153.902,9 tonCO, {CdTe). Temuan
investigasi  didesikasikan kepada menejemen universitas dalam rangka merancang dan
mengelola sistem fotovoltaik atap secara handal dan ekonomis.

Keywords : insolasi surya, deep learning, citra udara, kendaraan udara tak berawak

1. Introduction
1.1. Motivation of the Study
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generation potential of rooftop photovoltaics to famulnu.- ] pollcy on effective electricaty production integration. The ohpal\!
of this study is (0 predict the potential for roollop solar ph bt loration and the p iad for mitigating carbon dioxid,

emisssons. The method used was the combination of a deep learming appmada and acnnl photography of an wamanned acriol
vehicle, It was found that of the 40 wllest building wnits, the available roof area  was  approximately
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1. Intreduction

Meeting the increasing demand for electrical energy from
new and renewable enesgy-based sources can help reduce CO;
5 in the phere and protect the environment,
Solar encrgy is the most promising source of clectricity foe
residentinl, commercial, and ndustriol spplications.  Solar
energy is considered 10 be one of 1be sustainphle encegy
sources that cun meet future encrgy needs |1-3] A suxly
highlights that the carth receives about 1.8 1071 MW of power
from solar radiation instancly [4] Solar energy convened into
eloctricily has proven 1o be technologically robust, scalable,
wxl geographically dispersed and has great potential as o
source of sustamnable energy [5. 6], Solar photovoltaics can
significantly belp buildings increase energy self-sufficiency
and cost-effectively redice environmental conkssioas [7].

The need for a change and 2 sustainable transition 0 o
low-carbon emission society is a vision widely promoted in
Higher Education Institutions. In this context, Semaring Stase
University. Indonesia, which has insendad (o realize the visson
of becoming a Green Campus. was chosen @ a case study in
this study. By 2022, this institution has installed rooftop solar
phaotovoltaic systems in & baikdings with u total capacity of
aroond 260 kWp, The installation of these photovoltae
systems atns to reduce the use of  edectncaty  from
conventional fossil fuel power plants which have negative
impacts on the environment. Mast of the day, signifscant solur
resources are available in the campus area. According to the
Metcorology, Climatology, amd Geophysics Agency, the
average monthly asr tempersture reaches 21°C 0 36°C in
2021, However, until now there has never been o
comprehensive stuify of solar energy potestial on the roofs of
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Abstract- Capturing solar radiation through photovoltaic deployment on the rooftop of
buildings does not only produce clean energy, but it also plays an important role in
mitigating carbon dioxide emissions. Semarang State University in Indonesia expanding
solar energy until 2021 has installed 230kWp rooftop solar photovoltaic in | buildings.
Gradually, the rooftop photovoltaic portfolio is being improved to realize the vision of
green campus. It is important to conduct quantitative assessment of the power
generation potential of rooftop photovoltaic to formulate a policy on the effective
electricity production integration. The objective of this study is to predict the potential
for rooftop solar photovoltaic exploration and the potential for mitigating carbon
dioxide emissions. The method used was the combination of a deep learning approach
and aerial photography of an unmanned aerial vehicle. It was found that from the 40
tallest building units, the available roof area was approximately 26.645.0m2. Average
monthly irradiation was 5.63kWh/m2/day. Energy potential per year: 8.671.1GWh (m-
Si); 7.234.4GWh (p-Si); 4.427GWh (a-Si); and 7,414.3GWh (CdTe). Based on local
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emission factors, the mitigation potential per year was: 7,199.468.9 tons of CO2 (m-
Si); 6,000,536.3 tons of CO2 (p-Si): 3.674.417.7 tons of CO2 (a-Si), and 6.153,902.9
tons of CO2 (CdTe). The findings of the study are dedicated to university management
in order to design and manage roof photovoltaic systems reliably and economically.

Keywords- solar irradiation, deep learning, unmanned aerial vehicle.

1. Introduction

Meeting the increasing demand for electrical energy from new and renewable
energy-based sources can help reduce CO2 emissions in the atmosphere and protect the
environment. Solar energy is the most promising source of electricity for residential,
commercial, and industrial applications. Solar energy is considered to be one of the
sustainable energy sources that can meet future energy needs [8.9]. A study highlights
that the earth receives about 1.8 101IMW of power from solar radiation instantly [3].
Solar energy converted into electricity has proven to be technologically robust, scalable.
and geographically dispersed and has a great potential as a source of sustainable energy
[11.12]. Solar photovoltaics can significantly help buildings increase energy self-
sufficiency and cost-effectively reduce environmental emissions.

The need for a change and a sustainable transition to a low-carbon emission society
1s a vision widely promoted in Higher Education Institutions. In this context. Semarang
State University. Indonesia, which has intended to realize the vision of becoming a
Green Campus, was chosen as a case study in this study. By 2022. this institution has
installed rooftop solar photovoltaic systems in 8 buildings with a total capacity of
around 260kWp. The installation of these photovoltaic systems aim to to reduce the use

of electricity from conventional fossil fuel power plants which have negative impacts on
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the environment. Most of the day, significant solar resources are available in the campus
area. According to the Meteorology. Climatology. and Geophysics Agency, the average
monthly air temperature reaches 210C to 360C in 2021. However, until now there has
never been a comprehensive study of solar energy potential on the roofs of all buildings.
However. the output power of rooftop solar photovoltaics is highly uncertain due to
local meteorological factors. Many parameters affect the generation of electricity from
solar power, but solar insolation is the main component [15-17]. Therefore, it is
necessary to identify the potential for rooftop solar photovoltaic so that it can be utilized
for sustainable electricity generation planning to meet daily electricity needs. On the
other hand, the main problem and challenge in the production of solar energy is the
intermittent volatility of photovoltaic power generation due to the dynamics of weather
conditions. In particular, variations in temperature and radiation can have a major
impact on the quality of electric power produced.

Estimating the solar potential of an area usually requires knowledge of the
availability of a suitable area for the installation of photovoltaic panels (geographical
potential), the availability of solar insolation (physical potential), the ability or
efficiency of certain technologies in converting solar energy into electricity by
considering technical limitations (technical potential), and costs associated with solar
panels uses for energy generation (economic potential) [9].

Studies related to roof geometry and physical features are used to evaluate the
impact of rooftop solar photovoltaic system installations. The approach developed is
based on a slope using Light Detection and Ranging (LiDAR) data. building footprint
data, Geographic Information System tools, and aerial photography [10]. Evaluation of

the potential for rooftop solar energy in an area requires information on the availability
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of the appropriate area concerning aspects of solar insolation, orientation, slope, and
shade [11], [12]. Geographic Information Systems (GIS). such as orthophotos and
digital surface models (DSM) are important elements in determining the ideal roof area.
There are several techniques used to obtain GIS data; manned aerial sensor methods,
such as Light Detection and Ranging (LiDAR), and manned ground methods, such as
terrestrial laser scanning or satellite imagery. Using manned aerial platforms, such as
LiDAR and satellite imagery, is time-consuming and expensive. GIS data can be
obtained by flying an unmanned aerial vehicle (UAV) which is now increasingly being
adopted directly by researchers from various disciplines [13]. UAV photogrammetry
has very similar accuracy to Real Time Kinematic Global Positioning System data. So it
is possible to use UAVs to obtain photogrammetric data for map making, surveys, and
several other engineering applications with the advantages of low cost. time
conservation, and minimum fieldwork [14]. Aerial images obtained from unmanned
aerial vehicle technology are an alternative approach for investigating the roof area of a
building [15].

Solar radiation data has an important role as it provides information about all the
energy that comes to earth, which is needed for the utilization, planning, and design of
solar power plants [16]. These data are not available from all locations, so different
climate variables were used to estimate solar radiation. The solar radiation level
parameter directly affects the energy output and efficiency of the photovoltaic system
[17]. There are several methods to predict the value of solar radiation at a location, one
of the deep learning-based methods that is widely implemented is the Recurrent Neural
Network. RNNs are a type of neural network that exploits the sequential nature of the

input data. RNNs can predict random input sequences due to their internal memory.
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Internal memory can store information about previous calculations [18]. RNN is used to
model time-dependent data and gives good results in time series data. which has proven
successful in several application domains [ 19]. Application of deep leaming techniques
for horizontal daily solar irradiation estimation shows a good performance [20]-[22].
Another study also used deep leamning techniques to estimate hourly, daily. and yearly
solar radiation [23].

Based on research studies that have been reviewed. this study highlighted (i) the
roof surface area of the tallest building in the campus area: (ii) the solar insolation level
of the campus area for a certain period of time. The objective of this study is to estimate
the potential for solar photovoltaic energy of the tallest rooftop for various types of
photovoltaic technology and the potential for carbon dioxide (CO2 ) that can be
reduced. This paper is prepared as follows: section 2 introduces the data set used in this
study: section 3 describes the methodology for the prediction of the rooftop
photovoltaic potential and the estimation of carbon dioxide mitigation; section 4
presents the results and a step-by-step analysis of the estimation process at each stage:
and section 5 presents the conclusions and provides views for the follow-up

development of the rooftop solar photovoltaic system of the University building.

2. Materials
2.1 Description of Building Sample

The location of this study was the campus area of Semarang State University,
Central Java Province. Indonesia. This institution occupies an area of approximately
157 hectares. Geographically, the coordinates are between 6°50'-7°10' south latitude

and 109°35' - 110°50" east longitude. Figure 1 shows land and buildings in the campus
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area based on Google Earth Imagery. From site observations, there are 94 buildings
with various types of area sizes and heights. The location of the building is in 11 work
units, consisting of § faculties and 3 centers. Detail location name of each building is
shows in Table 1.

The tallest building in each location is used as a sample in this study. Based on the
survey of all locations, it was identified that there were 40 units of three-story buildings.
The surface of the roof area of the tallest building was considered ideal because it was
not blocked by plants and trees around the building. Almost all the roofs of the tallest
buildings receive sunlight all the time from morning until afternoon. Because the roof
area was not blocked by trees throughout the day. they can be used as options to be
studied.

Information on the roof area of the building is useful for estimating the potential for
solar power that can be captured from the rooftop solar photovoltaic system. Installation
of photovoltaic panels on the roof is very good for generating solar energy [24].
Because of these considerations, the roof of the tallest building was very appropriate for
study. But it should be noted that not every roof surface is fully accessible for the
installation of photovoltaic panels. Generally. the roof surface of the building is used for
the placement of exhaust air chimneys, water storage tank, communication antennas,
and outdoor air conditioning units.

Table 1. Description of the three-story building

Building location Number Orientation Roof of facing
Faculty of Education 5 Peaked Buildings North and south
Faculty of Art Language 5 Peaked Buildings East and west
Faculty of Social Sciences 4 Peaked Buildings North and south
Fackity of Mathemafica and 5 Peaked Buildings East and west
Natural Sciences
Faculty of Engineering 5 Flat Building Facing the sky
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Sports Science Faculty
Economics Faculty

Law Faculty

Research Center Building
Library Center Building
Rectorate Center Building

919 19 W W ok

Peaked Buildings
Flat Building
Peaked Buildings
Flat Building
Peaked Buildings
Peaked Buildings

North and south
Facing the sky
North and south
Facing the sky
East and west
East and west

2.2 Daily Solar Irradiation

.
oAl

Figure 1. Google Earth Image of Semarang State University

This study used local area global horizontal irradiance data obtained from the

NASA Surface Meteorology and Solar Energy database. The total amount of radiation

calculated for a given location or area was referred to as global radiation [25]. Figure 2

presents a daily global radiation graph consecutively from January 1. 2017 to December

31, 2021. In one year there were 365 variations of daily global radiation data, and for 5

years there were 1,825 variations of data. The variability of this radiation value was the

interest of this study.
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Figure 2. Horizontal Surface Insolation in 2017-2021
3. Methodology

This study estimated the rooftop solar photovoltaic potential in the campus area and
carbon dioxide emissions mitigation. The study framework is illustrated in Figure 3. the
rooftop solar photovoltaic potential was based on the variable of physical, geographical,
and technical potentials, which adopts related studies [46, 47]. The variables of physical
potential based on solar insolation reflect the energy received from the sun by the roof
of the University building. The variables of geographic potential are variables that
reflect the location or area where solar energy can be captured and used for photovoltaic
deployment. The variables of technical potential are related to the conversion of solar

energy received by the photovoltaic roof area into electrical energy using the technical
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characteristics of photovoltaic technology or photovoltaic efficiency and performance.
Our assessment of rooftop solar photovoltaic potential combines deep leaming with
aerial photo processing of unmanned aerial vehicles. Assessment of emission reductions
from the use of renewable energy sources is by considering the total rooftop solar
photovoltaic electricity production and the emission factors of the area where the

photovoltaic system is installed.
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Figure 3. Forecasting Framework for photovoltaic and CO2 mitigation potential

Solar photovoltaic systems use photovoltaic cells that convert solar irradiation into
electric power. Factors that affect rooftop photovoltaic electricity productivity are the
placement and orientation of the roof. roof design, roof slope. type of photovoltaic, and
performance. The rooftop photovoltaic potential mainly depends on the efficiency of the
photovoltaic modules used to generate solar electricity[28]. Thus, it is important to
choose a solar panel with high efficiency and best performance. The efficiency and
performance factors of different types of photovoltaic panels vary according to the
manufacturing technology and materials used. Table 2 summarizes the efficiency and
charactenstics of different types of photovoltaic panels to illustrate various scenarios of
solar power generation. The electrical energy output of a photovoltaic solar panel is

given by Equation | [51-52]:
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Ep, (kWh )= Egp (kWh.m™ ) x A (m?) X npy X Npey (1

Where in Epv is the output energy of the solar photovoltaic panel in one hour and

E“"is the incoming solar energy. in one hour, in one unit area: A is the area of the

panel; Mpt is the photovoltaic panel efficiency value; Mpeu is the efficiency of the power
conditioning unit including the inverter. For this analysis, the monthly average solar
insolation value was calculated. Therefore. generation estimation from rooftop solar
photovoltaic systems was carried out hourly, for a typical day of each month of the year.
So. Equation (1) is modified to Equation (2):

I Epw (kWh) = By Ecy (\Wh.m™2) x A (m? ) x npy X Npey 2)

Wherein Vo is the number of hours of effective sunlight. Annual energy output
takes into account the number of hours of sunlight in 365 days effectively.

Table 2. Overview and comparison of four different types of PV technologies

PV Technology Module efficiency (%) Panel output (W/m~)

Mono-Crystalline Si 24.1 24.1
Poly-Crystalline Si 20.1 20.1
Amorphous Si 12.3 12.3
Cadmium Telluride Cells 20.6 20.6

Emission reduction potential was found by considering the weighted average
emission factor of 0.83 in 2019 in Central Java Province, Grid Jamali. Weighted
average emission factor data was provided by the Ministry of Energy and Human
Resources. The total emission of reduced CO2 is derived by Equation (3).

C= ZNSh Epv x WAE (3)
Where in C is tons of CO2 per MWh, Zysn EP"is the total annual electrical energy

from solar photovoltaic generated in MWh, and WAE is the weighted average emission

factor.
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3.1 Rooftop Area Estimation

The installation of photovoltaic panel considers radiation slope and roof area
available on each roof surface. Before installing solar panels on the roof of a building, it
is necessary to assess location where solar panels to be placed. This can significantly
improve the panel performance. In the Northern Hemisphere, roofs facing south have
more direct sunlight. In the other side, in the southern hemisphere. roofs facing north
receive more direct sunlight. Thus, the angle of orientation of the roof determines the
actual solar generation output. The flat roof and low angle of inclination receive
sunlight for about 8-10 hours, regardless of its orientation. However, if the inclination
angle is greater than 20° the orientation of the building affects the hours of sun
exposure in the photovoltaic surface area because some parts of the photovoltaic surface
can be shaded by the roof structure itself. [30]

This study analyzed the roofs of all the tallest buildings, which were three-story
buildings. The roof area received sunlight without being blocked by trees. Based on
Google Earth imagery and a physical survey of the building, all samples of the roofs of
three-story buildings were grouped into several sub-areas. The procedure for
determining the sub-area and estimating the roof area is shown in Figure 4.

After choosing a sample of the roof of the building. then an unmanned aerial photo
was taken for the assessment of the roof area. We flew a DJI Mavic 2 Zoom drone
equipped with a camera at a height of 50 meters. Many photo sets were used to create as
many as 40 models of the roofs of three-story buildings. All models of the roof of these
buildings were taken from a platform that corresponds to a predetermined area. The
model of the building roof was explored using the Agisoft Photoscan Professional tool

to get the total roof area (AT). Thus, AT represents the potential of the roof footprint of
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the study sample used in the calculation. The available roof area was effective for

installing photovoltaic panels (Apv) and it was expressed by equation (4), after

considering the reduction of the shading factor and the orientation of the building.
Apv=Ar* Fo * Fa = A1 * 0.5625 (4)

In this case. AT is the total roof area obtained from the model explored with Agisoft
Photoscan Professional. Fo and Fs are respectively the orientation factor and the
shading factor. Fo and Fs were estimated by considering the condition of the buildings
in the study area. From the physical survey of buildings, it was identified that around
25% of the buildings had flat roofs (Rflat = 0.25). Flat roof buildings did not experience
a reduction in the roof area and were not affected by the orientation of the building
(Oflat = 1). On the other hand. there are 75% of the buildings are peaked roofs buildings
or have slope roofs (Rpeaked = 0.75). The buildings were considered to have roof area
suitability of 50% for photovoltaic installation (Opeaked = 0.5). So by considering the
orientation of the roof of the building. the orientation factor (Fo) can be calculated using
the following approach [51. 54].

Fo=Rau * Ogat + Rpeaked * Opestca = 025 * 1 + 0.75* 0.5 =0.625 (5)

The next factor that must be taken into account for mitigating the roof area is the
shading factor. Based on the site survey. it was ssen that there was no roof area of the
buildings used water storage tanks and other uses. The roof area of the three-story
building was also not cevered by the shade of trees and nearby buildings. Considering
these various factors, equation (6) can be used to calculate the shading factor [32].

Shading Factor (F,) = 0.90 (6)

The orientation factor, Fo, and the shading factor, Fs, have been estimated by

considering the physical condition of all the sample buildings in the study area.
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Figure 4. Identification of building samples and estimation of roof area

3.2 Solar irradiation estimation

This section provides an assessment of the potential for solar irradiation available in
the campus area located in Semarang City, Central Java province, Indonesia. The
variability of solar radiation depends on the time scale. This imradiation value is very
important because it can predict the energy generated from the exploration of rooftop
solar photovoltaic systems. This physical potential is defined as the global solar

radiation on the earth's surface for each time step.

6-0‘1‘ 'll’jtl‘ﬁ. .'“ .l|ll ‘F
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Figure 5. Local area daily solar irradiation variation pattern



ARTICLE TEMPLATE CONTAINING AUTHOR CUIDELINES FOR PEER-REVIEW

Figure 5 illustrates a daily global radiation from 2017 to 2022, The variability of the
daily radiation value was highlighted to obtain the predicted daily radiation value. Since
the data structure was time series data, the daily solar radiation assessment adopted a
deep learning approach.

A recurrent neural network (RNN) is a deep learning architecture that is widely used
to process sequential data. An iterative neural network model is a type of neural
network that exploits the sequential nature of the put data. The algorithm of this
model adheres to the iteration principle. The input data is fed to the network one by one
and the nodes in the network store their state at one-time step and use it to inform the
next time step. Unlike classical neural networks, RNNs use temporal information from

input data, which makes them more suitable for time series data. The typical structure of
a repetitive neural network, Xt , is data inputed at time ¥. The black box obtaining input
from other neurons in the previous time step *t-1+ St is a hidden state in the time step
and is the "memory” of the network. St calculated based on the previous hidden state

and the input in the current step. St captures information about what happened in all the
previous time steps and is given by Equation (7).
St =g (Upe + Wery) (7N
Output in step Lis ¥t. To predict the next sequence in the time series, it will be a
probability vector in the time series. Function 9 is usually a nonlinear activation
function as the hyperbolic tangent (Tanh). RNNs share the same parameters (U, V. W)
across all steps performing the same task at each step. only with different inputs.

The iterative neural network architecture shown in Figure 6 was applied to predict

daily solar irradiation. The configuration consisted of 5 input sizes, | output size, 2
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hidden layers, 32 hidden sizes, 21 sequence lengths, 16 batch sizes, and
root-mean-squared error criteria. The imported dataset was 1825 daily irradiation
average data. To become multivariate, time-series data was divided into quarters in |
year. Outlier data was interpolated. For prediction purposes, the portion for training data
was determined to be 80% and 20% for testing data. The form of iterative neural
network data was NSF, which defined the amount of data, the sequence value, and the
number of features. In this context, the sequence value was specified as 21, thus the

array into train data (N, S, F) was (69, 21, 5) and test data (N, S, F) was (17, 21. 5).

« X
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Figure 6. RNN architecture for irradiation prediction

4. Result and Analysis
4.1 Estimated building roof

Traces of the roof area of the building throughout the sample locations or sub-areas
have been obtained. After the gross roof area was calculated. a reduction must be made
to the roof area considering the effects of shading and building orientation. The
available roof area for photovoltaic panel deployment is summarized in table 3. The
total sample buildings were 40 building units. All of these sample buildings were three-
story buildings which were the tallest buildings in the campus area. The available roof
area was chosen by considering the reduction of the orientation and shade factors in
each sample building. Building orientation was obtained by considering the slope of the

roof on each building. Buildings with a slope of up to 10 degrees were considered flat
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roofs because they did not need a reduction. While the roof of the building with a slope
of 25 degrees or more needed a reduction from the orientation factor. Reduction of the
shading factor for sloping roof buildings was not necessary because there was no
reserved area in each building. While, for flat roof buildings, the reduction of the
shading factor was calculated because there was a reserved area used for building
support, such as outdoor air conditioning units.

This study showed that the trace of the roof area of the entire sample was 55,513m2
and the roof area available for photovoltaic deployment was 26,645m2. Based on the
traces of the roof area of the sampled buildings. it was known that not all roof areas
were suitable for deploying photovoltaic panels as solar power plants. The results of this
study estimated that only 47.9 percent of the trace of the roof area of the entire three-
story building was available for photovoltaic panel deployment. Compared to the
campus area of 157 hectares, equivalent to an area of 1.57 million m2, it showed that
the portion of the roof area of the building studied in the study was relatively small.

Table 3. Description of the roof area of the three-story building

Total Available

Sub-area or work unit Number Orientation 5 2

(m") (m°)

Faculty of Education 5 Peaked Buildings  2.120 954.0
Faculty of Art Language 5 Peaked Buildings ~ 8.546 3.845.7
Faculty of Social Sciences 4 Peaked Buildings  6.295 28328
Faculty o Matheoticy end 5 Peaked Buildings ~ 7.726  3.476.7

Natural Sciences

Faculty of Engineering 5 Flat Building 7.214 3.246.3
Sports Science Faculty 4 Peaked Buildings ~ 5.962 2.682.9
Economics Faculty 3 Flat Building 2.872 1.292.4
Law Faculty 3 Peaked Buildings 2279 1.025.6
Research Center Building 2 Flat Building 3.698 3.328.2
Library Center Building 2 Peaked Buildings ~ 2.345 1.055.3
Rectorate Center Building 2 Peaked Buildings  6.456 2.905.2
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4.2 Estimated Solar Irradiation

Figure 7 shows the average monthly irradiation of the local area obtained from the
prediction results using a repetitive neural network. Irradiation potential in each month
was in the range of 3.9-6.7kWh/m2. The average monthly irradiation was 5.6kWh/m2.
The highest irradiation potential occured in March and April. while the lowest
irradiation occured in December. From these predictive findings, it can be a motivation
to utilize solar energy in the local campus area. In Indonesia, the average intensity of
solar radiation that falls on the surface area was around 4.8kWh/m2 every day. Thus,
the campus area has a significant solar energy potential compared to the national area.

Data on the availability of solar irradiation in a place is very important for planning
solar power plants. These data are used to estimate the potential energy output of
photovoltaic deployment. Photovoltaic solar technology is capable of converting to
electricity both direct irradiation and diffuse irradiation. However, not all regions have
available irradiation maps or solar insolation maps. Capturing this unexploited solar
radiation will not only improve the total mix of energy but also reduce emissions of

greenhouse gases that degrade the environment.
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Figure 7. Average of solar irradiation prediction
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4.3 Estimation of Rooftop Solar Photovoltaic Potential

After obtaining the roof area available for photovoltaic deployment in all sub-areas
or work unit locations, the photovoltaic power potential can be calculated. This study
found the monthly electrical energy potential as shown in Figure § for different types of
photovoltaic. From the estimation, it was found the electrical energy per year of
8671.1GWh (m-Si): 7234 4GWh (p-Si): 4427.0GWh (a-Si); and 7414.3GWh (CdTe).
Thus, it is crucial to choose a solar panel with high efficiency and best performance.

Rooftop photovoltaic deployment can play an important role in the transition to low-
carbon energy systems. Until now, the lack of data on building and environmental
aspects has impeded accurate estimation of the photovoltaic potential of the local area.
The case study on the roof of the University building provides an overview of the
scenario of rooftop photovoltaic-based electricity generation. Many variables require

estimation through various approaches to obtain a measurable photovoltaic output.
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Figure 8. Monthly roof photovoltaic potential of all building samples
44  Estimated Carbon Dioxide Emissions
The potential for mitigating carbon dioxide (CO2 ) emissions were obtained based

on the photovoltaic potential of the solar roof. The chart in Figure 9 shows the estimated
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mitigation potential based on the historical emission factors of the local area. This
emission mitigation potential result was obtained from the use of photovoltaic roofs in
all sample buildings. From the estimates made in this study. mitigation potential per
year was: 7.199.468.9 tons of CO2 (m-Si); 6.000.536.3 tons of CO2 (p-Si); 3.674.417.7
tons of CO2 (a-Si): and 6.153.902.9 tons of CO2 (CdTe). The description of the
mitigation potential displayed provides information that photovoltaic panels with high
efficiency and performance provides a proportionally high CO2 mitigation potential.

The estimation results showed that the installation of photovoltaic panels on the roofs of

-
i

Figure 9. Monthly carbon dioxide potential of all building samples

University buildings can help slow down the pace of climate change.
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4.5 Rooftop Photovoltaic Potential and CO2 Mitigation in University Sub-Area

The potential for clean energy and carbon dioxide mitigation in each building in the
campus area have been identified. The identification results are presented in the chart of
Figure 10. From the description, it can be seen that the greatest potential for clean
energy and CO2 mitigation from photovoltaic was generated by the roof of the building
of the Faculty of Mathematics and Natural Sciences with a net energy of mono-

crystalline PV of 13.260GWh/year and CO2 mitigation potential of 1.100,604 tons of
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CO2 /year. The potential map of each sub-area or work unit is useful as a material for

planning the deployment of photovoltaic panels in each building.
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Figure 10. Rooftop photovoltaic potential and CO2 mitigation in sub-area

4.6  Photovoltaic Comparison with Clean Energy Potential and CO2 Mitigation
Potential

This study has succeeded in comparing the performance of 4 types of photovoltaic
widely used to produce clean energy. The different characteristics and efficiency of
each photovoltaic used produce different net energy outputs. From the description of
Figure 11, it shows that photovoltaic types of mono-crystalline, poly-crystalline,
amorphous silicon, and cadmium telluride were used on the roof area of the University
building. The chart shows that the potential for clean energy generated from
photovoltaic systems was directly proportional to the potential for carbon dioxide
mitigation. Mono-crystalline photovoltaic had the largest clean energy potential and

carbon dioxide mitigation potential, followed by cadmium telluride photovoltaic.
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Figure 11. Average monthly energy potential and CO2 mitigation

5. Conclusion

Assessment of the power generation potential from rooftop photovoltaics is very
important to create a policy on solar power production integration. This study
highlighted the roof of the tallest buildings and solar insolation in local areas. The
objective of this study is to predict the potential for rooftop solar photovoltaic
exploration and the potential for mitigating carbon dioxide emissions. The method used
in this study combined a deep learning approach and aerial photography of an
unmanned aerial vehicle. Based on the study on the 40 tallest building, it was found a
roof area of approximately 26.645.0m2 with the average monthly irradiation of
5.63kWh/m2/day and energy potential per year of 8,671.1GWh (m-Si): 7.234.4GWh (p-
Si); 4,427.0GWh (a-Si): and 7.414.3GWh (CdTe). Based on local emission factors, it
can provide mitigation potential per year of: 7,199.468.9 tons of CO2 (m-Si)
6.000.536.3 tons of CO2 (p-Si): 3,674.417.7 tons of CO2 (a-Si) and 6.153.902.9 tons
CO2 (CdTe). These findings are dedicated to university management in order to design

and manage rooftop photovoltaic systems reliably and economically.
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Abstract- Capturing solar radiation through photovoltaic deployment on the rooftop of
buildings does not only produce clean energy. but it also plays an important role in
mitigating carbon dioxide emissions. Semarang State University in Indonesia expanding
solar energy until 2021 has installed 230kWp rooftop solar photovoltaic in & buildings.
Gradually, the rooftop photovoltaic portfolio is being improved to realize the vision of
green campus. It is important to conduct quantitative assessment of the power
generation potential of rooftop photoveltaic to formulate a policy on the effective
electricity production integration. The objective of this study is to predict the potential
for rooftop solar photovoltaic exploration and the potential for mitigating carbon
dioxide emissions. The method used was the combination of a deep learning approach
and aerial photography of an unmanned aerial vehicle. It was found that from the 40
tallest building units, the available roof area was approximately 26.645.0m2. Average
monthly irradiation was 5.63kWh/m2/day. Energy potential per year: 8.671.1GWh (m-

Si); 7.234.4GWh (p-Si); 4.427GWh (a-Si); and 7.414.3GWh (CdTe). Based on local
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emission factors, the mitigation potential per year was: 7,199.468.9 tons of CO2 (m-
Si); 6,000,536.3 tons of CO2 (p-Si): 3.674.417.7 tons of CO2 (a-Si), and 6.153,902.9
tons of CO2 (CdTe). The findings of the study are dedicated to university management
in order to design and manage roof photovoltaic systems reliably and economically.

Keywords- solar irradiation, deep learning, unmanned aerial vehicle.

1. Introduction

Meeting the increasing demand for electrical energy from new and renewable
energy-based sources can help reduce CO2 emissions in the atmosphere and protect the
environment. Solar energy is the most promising source of electricity for residential,
commercial, and industrial applications. Solar energy is considered to be one of the
sustainable energy sources that can meet future energy needs [8.9]. A study highlights
that the earth receives about 1.8 101IMW of power from solar radiation instantly [3].
Solar energy converted into electricity has proven to be technologically robust, scalable.
and geographically dispersed and has a great potential as a source of sustainable energy
[11.12]. Solar photovoltaics can significantly help buildings increase energy self-
sufficiency and cost-effectively reduce environmental emissions.

The need for a change and a sustainable transition to a low-carbon emission society
1s a vision widely promoted in Higher Education Institutions. In this context. Semarang
State University. Indonesia, which has intended to realize the vision of becoming a
Green Campus, was chosen as a case study in this study. By 2022. this institution has
installed rooftop solar photovoltaic systems in 8 buildings with a total capacity of
around 260kWp. The installation of these photovoltaic systems aim to to reduce the use

of electricity from conventional fossil fuel power plants which have negative impacts on
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the environment. Most of the day, significant solar resources are available in the campus
area. According to the Meteorology. Climatology. and Geophysics Agency, the average
monthly air temperature reaches 210C to 360C in 2021. However, until now there has
never been a comprehensive study of solar energy potential on the roofs of all buildings.
However. the output power of rooftop solar photovoltaics is highly uncertain due to
local meteorological factors. Many parameters affect the generation of electricity from
solar power, but solar insolation is the main component [15-17]. Therefore, it is
necessary to identify the potential for rooftop solar photovoltaic so that it can be utilized
for sustainable electricity generation planning to meet daily electricity needs. On the
other hand, the main problem and challenge in the production of solar energy is the
intermittent volatility of photovoltaic power generation due to the dynamics of weather
conditions. In particular, variations in temperature and radiation can have a major
impact on the quality of electric power produced.

Estimating the solar potential of an area usually requires knowledge of the
availability of a suitable area for the installation of photovoltaic panels (geographical
potential), the availability of solar insolation (physical potential), the ability or
efficiency of certain technologies in converting solar energy into electricity by
considering technical limitations (technical potential), and costs associated with solar
panels uses for energy generation (economic potential) [9].

Studies related to roof geometry and physical features are used to evaluate the
impact of rooftop solar photovoltaic system installations. The approach developed is
based on a slope using Light Detection and Ranging (LiDAR) data. building footprint
data, Geographic Information System tools, and aerial photography [10]. Evaluation of

the potential for rooftop solar energy in an area requires information on the availability
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of the appropriate area concerning aspects of solar insolation, orientation, slope, and
shade [11], [12]. Geographic Information Systems (GIS). such as orthophotos and
digital surface models (DSM) are important elements in determining the ideal roof area.
There are several techniques used to obtain GIS data; manned aerial sensor methods,
such as Light Detection and Ranging (LiDAR), and manned ground methods, such as
terrestrial laser scanning or satellite imagery. Using manned aerial platforms, such as
LiDAR and satellite imagery, is time-consuming and expensive. GIS data can be
obtained by flying an unmanned aerial vehicle (UAV) which is now increasingly being
adopted directly by researchers from various disciplines [13]. UAV photogrammetry
has very similar accuracy to Real Time Kinematic Global Positioning System data. So it
is possible to use UAVs to obtain photogrammetric data for map making, surveys, and
several other engineering applications with the advantages of low cost. time
conservation, and minimum fieldwork [14]. Aerial images obtained from unmanned
aerial vehicle technology are an alternative approach for investigating the roof area of a
building [15].

Solar radiation data has an important role as it provides information about all the
energy that comes to earth, which is needed for the utilization, planning, and design of
solar power plants [16]. These data are not available from all locations, so different
climate variables were used to estimate solar radiation. The solar radiation level
parameter directly affects the energy output and efficiency of the photovoltaic system
[17]. There are several methods to predict the value of solar radiation at a location, one
of the deep learning-based methods that is widely implemented is the Recurrent Neural
Network. RNNs are a type of neural network that exploits the sequential nature of the

input data. RNNs can predict random input sequences due to their internal memory.
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Internal memory can store information about previous calculations [18]. RNN is used to
model time-dependent data and gives good results in time series data. which has proven
successful in several application domains [ 19]. Application of deep leaming techniques
for horizontal daily solar irradiation estimation shows a good performance [20]-[22].
Another study also used deep leamning techniques to estimate hourly, daily. and yearly
solar radiation [23].

Based on research studies that have been reviewed. this study highlighted (i) the
roof surface area of the tallest building in the campus area: (ii) the solar insolation level
of the campus area for a certain period of time. The objective of this study is to estimate
the potential for solar photovoltaic energy of the tallest rooftop for various types of
photovoltaic technology and the potential for carbon dioxide (CO2 ) that can be
reduced. This paper is prepared as follows: section 2 introduces the data set used in this
study: section 3 describes the methodology for the prediction of the rooftop
photovoltaic potential and the estimation of carbon dioxide mitigation; section 4
presents the results and a step-by-step analysis of the estimation process at each stage:
and section 5 presents the conclusions and provides views for the follow-up

development of the rooftop solar photovoltaic system of the University building.

2. Materials
2.1 Description of Building Sample

The location of this study was the campus area of Semarang State University,
Central Java Province. Indonesia. This institution occupies an area of approximately
157 hectares. Geographically, the coordinates are between 6°50'-7°10' south latitude

and 109°35' - 110°50" east longitude. Figure 1 shows land and buildings in the campus
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area based on Google Earth Imagery. From site observations, there are 94 buildings
with various types of area sizes and heights. The location of the building is in 11 work
units, consisting of § faculties and 3 centers. Detail location name of each building is
shows in Table 1.

The tallest building in each location is used as a sample in this study. Based on the
survey of all locations, it was identified that there were 40 units of three-story buildings.
The surface of the roof area of the tallest building was considered ideal because it was
not blocked by plants and trees around the building. Almost all the roofs of the tallest
buildings receive sunlight all the time from morning until afternoon. Because the roof
area was not blocked by trees throughout the day. they can be used as options to be
studied.

Information on the roof area of the building is useful for estimating the potential for
solar power that can be captured from the rooftop solar photovoltaic system. Installation
of photovoltaic panels on the roof is very good for generating solar energy [24].
Because of these considerations, the roof of the tallest building was very appropriate for
study. But it should be noted that not every roof surface is fully accessible for the
installation of photovoltaic panels. Generally. the roof surface of the building is used for
the placement of exhaust air chimneys, water storage tank, communication antennas,
and outdoor air conditioning units.

Table 1. Description of the three-story building

Building location Number Orientation Roof of facing
Faculty of Education 5 Peaked Buildings North and south
Faculty of Art Language 5 Peaked Buildings East and west
Faculty of Social Sciences 4 Peaked Buildings North and south
Fackity of Mathemafica and 5 Peaked Buildings East and west
Natural Sciences
Faculty of Engineering 5 Flat Building Facing the sky
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Sports Science Faculty
Economics Faculty

Law Faculty

Research Center Building
Library Center Building
Rectorate Center Building

919 19 W W ok

Peaked Buildings
Flat Building
Peaked Buildings
Flat Building
Peaked Buildings
Peaked Buildings

North and south
Facing the sky
North and south
Facing the sky
East and west
East and west

2.2 Daily Solar Irradiation

.
oAl

Figure 1. Google Earth Image of Semarang State University

This study used local area global horizontal irradiance data obtained from the

NASA Surface Meteorology and Solar Energy database. The total amount of radiation

calculated for a given location or area was referred to as global radiation [25]. Figure 2

presents a daily global radiation graph consecutively from January 1. 2017 to December

31, 2021. In one year there were 365 variations of daily global radiation data, and for 5

years there were 1,825 variations of data. The variability of this radiation value was the

interest of this study.
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Figure 2. Horizontal Surface Insolation in 2017-2021
3. Methodology

This study estimated the rooftop solar photovoltaic potential in the campus area and
carbon dioxide emissions mitigation. The study framework is illustrated in Figure 3. the
rooftop solar photovoltaic potential was based on the variable of physical, geographical,
and technical potentials, which adopts related studies [46, 47]. The variables of physical
potential based on solar insolation reflect the energy received from the sun by the roof
of the University building. The variables of geographic potential are variables that
reflect the location or area where solar energy can be captured and used for photovoltaic
deployment. The variables of technical potential are related to the conversion of solar

energy received by the photovoltaic roof area into electrical energy using the technical



INTERNATIONAL JOURNAL OF RENEWABLE ENERGY RESEARCH
Corresponding Author et al. ,Vol. XX, No. XX

characteristics of photovoltaic technology or photovoltaic efficiency and performance.
Our assessment of rooftop solar photovoltaic potential combines deep leaming with
aerial photo processing of unmanned aerial vehicles. Assessment of emission reductions
from the use of renewable energy sources is by considering the total rooftop solar
photovoltaic electricity production and the emission factors of the area where the

photovoltaic system is installed.
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Figure 3. Forecasting Framework for photovoltaic and CO2 mitigation potential

Solar photovoltaic systems use photovoltaic cells that convert solar irradiation into
electric power. Factors that affect rooftop photovoltaic electricity productivity are the
placement and orientation of the roof. roof design, roof slope. type of photovoltaic, and
performance. The rooftop photovoltaic potential mainly depends on the efficiency of the
photovoltaic modules used to generate solar electricity[28]. Thus, it is important to
choose a solar panel with high efficiency and best performance. The efficiency and
performance factors of different types of photovoltaic panels vary according to the
manufacturing technology and materials used. Table 2 summarizes the efficiency and
charactenstics of different types of photovoltaic panels to illustrate various scenarios of
solar power generation. The electrical energy output of a photovoltaic solar panel is

given by Equation | [51-52]:
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Ep, (kWh )= Egp (kWh.m™ ) x A (m?) X npy X Npey (1

Where in Epv is the output energy of the solar photovoltaic panel in one hour and

E“"is the incoming solar energy. in one hour, in one unit area: A is the area of the

panel; Mpt is the photovoltaic panel efficiency value; Mpeu is the efficiency of the power
conditioning unit including the inverter. For this analysis, the monthly average solar
insolation value was calculated. Therefore. generation estimation from rooftop solar
photovoltaic systems was carried out hourly, for a typical day of each month of the year.
So. Equation (1) is modified to Equation (2):

I Epw (kWh) = By Ecy (\Wh.m™2) x A (m? ) x npy X Npey 2)

Wherein Vo is the number of hours of effective sunlight. Annual energy output
takes into account the number of hours of sunlight in 365 days effectively.

Table 2. Overview and comparison of four different types of PV technologies

PV Technology Module efficiency (%) Panel output (W/m~)

Mono-Crystalline Si 24.1 24.1
Poly-Crystalline Si 20.1 20.1
Amorphous Si 12.3 12.3
Cadmium Telluride Cells 20.6 20.6

Emission reduction potential was found by considering the weighted average
emission factor of 0.83 in 2019 in Central Java Province, Grid Jamali. Weighted
average emission factor data was provided by the Ministry of Energy and Human
Resources. The total emission of reduced CO2 is derived by Equation (3).

C= ZNSh Epv x WAE (3)
Where in C is tons of CO2 per MWh, Zysn EP"is the total annual electrical energy

from solar photovoltaic generated in MWh, and WAE is the weighted average emission

factor.
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3.1 Rooftop Area Estimation

The installation of photovoltaic panel considers radiation slope and roof area
available on each roof surface. Before installing solar panels on the roof of a building, it
is necessary to assess location where solar panels to be placed. This can significantly
improve the panel performance. In the Northern Hemisphere, roofs facing south have
more direct sunlight. In the other side, in the southern hemisphere. roofs facing north
receive more direct sunlight. Thus, the angle of orientation of the roof determines the
actual solar generation output. The flat roof and low angle of inclination receive
sunlight for about 8-10 hours, regardless of its orientation. However, if the inclination
angle is greater than 20° the orientation of the building affects the hours of sun
exposure in the photovoltaic surface area because some parts of the photovoltaic surface
can be shaded by the roof structure itself. [30]

This study analyzed the roofs of all the tallest buildings, which were three-story
buildings. The roof area received sunlight without being blocked by trees. Based on
Google Earth imagery and a physical survey of the building, all samples of the roofs of
three-story buildings were grouped into several sub-areas. The procedure for
determining the sub-area and estimating the roof area is shown in Figure 4.

After choosing a sample of the roof of the building. then an unmanned aerial photo
was taken for the assessment of the roof area. We flew a DJI Mavic 2 Zoom drone
equipped with a camera at a height of 50 meters. Many photo sets were used to create as
many as 40 models of the roofs of three-story buildings. All models of the roof of these
buildings were taken from a platform that corresponds to a predetermined area. The
model of the building roof was explored using the Agisoft Photoscan Professional tool

to get the total roof area (AT). Thus, AT represents the potential of the roof footprint of
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the study sample used in the calculation. The available roof area was effective for

installing photovoltaic panels (Apv) and it was expressed by equation (4), after

considering the reduction of the shading factor and the orientation of the building.
Apv=Ar* Fo * Fa = A1 * 0.5625 (4)

In this case. AT is the total roof area obtained from the model explored with Agisoft
Photoscan Professional. Fo and Fs are respectively the orientation factor and the
shading factor. Fo and Fs were estimated by considering the condition of the buildings
in the study area. From the physical survey of buildings, it was identified that around
25% of the buildings had flat roofs (Rflat = 0.25). Flat roof buildings did not experience
a reduction in the roof area and were not affected by the orientation of the building
(Oflat = 1). On the other hand. there are 75% of the buildings are peaked roofs buildings
or have slope roofs (Rpeaked = 0.75). The buildings were considered to have roof area
suitability of 50% for photovoltaic installation (Opeaked = 0.5). So by considering the
orientation of the roof of the building. the orientation factor (Fo) can be calculated using
the following approach [51. 54].

Fo=Rau * Ogat + Rpeaked * Opestca = 025 * 1 + 0.75* 0.5 =0.625 (5)

The next factor that must be taken into account for mitigating the roof area is the
shading factor. Based on the site survey. it was ssen that there was no roof area of the
buildings used water storage tanks and other uses. The roof area of the three-story
building was also not cevered by the shade of trees and nearby buildings. Considering
these various factors, equation (6) can be used to calculate the shading factor [32].

Shading Factor (F,) = 0.90 (6)

The orientation factor, Fo, and the shading factor, Fs, have been estimated by

considering the physical condition of all the sample buildings in the study area.
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Figure 4. Identification of building samples and estimation of roof area

3.2 Solar irradiation estimation

This section provides an assessment of the potential for solar irradiation available in
the campus area located in Semarang City, Central Java province, Indonesia. The
variability of solar radiation depends on the time scale. This imradiation value is very
important because it can predict the energy generated from the exploration of rooftop
solar photovoltaic systems. This physical potential is defined as the global solar

radiation on the earth's surface for each time step.

6-0‘1‘ 'll’jtl‘ﬁ. .'“ .l|ll ‘F
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Figure 5. Local area daily solar irradiation variation pattern
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Figure 5 illustrates a daily global radiation from 2017 to 2022, The variability of the
daily radiation value was highlighted to obtain the predicted daily radiation value. Since
the data structure was time series data, the daily solar radiation assessment adopted a
deep learning approach.

A recurrent neural network (RNN) is a deep learning architecture that is widely used
to process sequential data. An iterative neural network model is a type of neural
network that exploits the sequential nature of the put data. The algorithm of this
model adheres to the iteration principle. The input data is fed to the network one by one
and the nodes in the network store their state at one-time step and use it to inform the
next time step. Unlike classical neural networks, RNNs use temporal information from

input data, which makes them more suitable for time series data. The typical structure of
a repetitive neural network, Xt , is data inputed at time ¥. The black box obtaining input
from other neurons in the previous time step *t-1+ St is a hidden state in the time step
and is the "memory” of the network. St calculated based on the previous hidden state

and the input in the current step. St captures information about what happened in all the
previous time steps and is given by Equation (7).
St =g (Upe + Wery) (7N
Output in step Lis ¥t. To predict the next sequence in the time series, it will be a
probability vector in the time series. Function 9 is usually a nonlinear activation
function as the hyperbolic tangent (Tanh). RNNs share the same parameters (U, V. W)
across all steps performing the same task at each step. only with different inputs.

The iterative neural network architecture shown in Figure 6 was applied to predict

daily solar irradiation. The configuration consisted of 5 input sizes, | output size, 2



INTERNATIONAL JOURNAL OF RENEWABLE ENERGY RESEARCH
Corresponding Author et al. ,Vol. XX, No. XX

hidden layers, 32 hidden sizes, 21 sequence lengths, 16 batch sizes, and
root-mean-squared error criteria. The imported dataset was 1825 daily irradiation
average data. To become multivariate, time-series data was divided into quarters in |
year. Outlier data was interpolated. For prediction purposes, the portion for training data
was determined to be 80% and 20% for testing data. The form of iterative neural
network data was NSF, which defined the amount of data, the sequence value, and the
number of features. In this context, the sequence value was specified as 21, thus the

array into train data (N, S, F) was (69, 21, 5) and test data (N, S, F) was (17, 21. 5).

« X

lnput k - X ' I'mh’" --]u I‘ml‘hyw o m Ougut : Y
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Figure 6. RNN architecture for irradiation prediction

4. Result and Analysis
4.1 Estimated building roof

Traces of the roof area of the building throughout the sample locations or sub-areas
have been obtained. After the gross roof area was calculated. a reduction must be made
to the roof area considering the effects of shading and building orientation. The
available roof area for photovoltaic panel deployment is summarized in table 3. The
total sample buildings were 40 building units. All of these sample buildings were three-
story buildings which were the tallest buildings in the campus area. The available roof
area was chosen by considering the reduction of the orientation and shade factors in
each sample building. Building orientation was obtained by considering the slope of the

roof on each building. Buildings with a slope of up to 10 degrees were considered flat
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roofs because they did not need a reduction. While the roof of the building with a slope
of 25 degrees or more needed a reduction from the orientation factor. Reduction of the
shading factor for sloping roof buildings was not necessary because there was no
reserved area in each building. While, for flat roof buildings, the reduction of the
shading factor was calculated because there was a reserved area used for building
support, such as outdoor air conditioning units.

This study showed that the trace of the roof area of the entire sample was 55,513m2
and the roof area available for photovoltaic deployment was 26,645m2. Based on the
traces of the roof area of the sampled buildings. it was known that not all roof areas
were suitable for deploying photovoltaic panels as solar power plants. The results of this
study estimated that only 47.9 percent of the trace of the roof area of the entire three-
story building was available for photovoltaic panel deployment. Compared to the
campus area of 157 hectares, equivalent to an area of 1.57 million m2, it showed that
the portion of the roof area of the building studied in the study was relatively small.

Table 3. Description of the roof area of the three-story building

Total Available

Sub-area or work unit Number Orientation 5 2

(m") (m°)

Faculty of Education 5 Peaked Buildings  2.120 954.0
Faculty of Art Language 5 Peaked Buildings ~ 8.546 3.845.7
Faculty of Social Sciences 4 Peaked Buildings  6.295 28328
Faculty o Matheoticy end 5 Peaked Buildings ~ 7.726  3.476.7

Natural Sciences

Faculty of Engineering 5 Flat Building 7.214 3.246.3
Sports Science Faculty 4 Peaked Buildings ~ 5.962 2.682.9
Economics Faculty 3 Flat Building 2.872 1.292.4
Law Faculty 3 Peaked Buildings 2279 1.025.6
Research Center Building 2 Flat Building 3.698 3.328.2
Library Center Building 2 Peaked Buildings ~ 2.345 1.055.3
Rectorate Center Building 2 Peaked Buildings  6.456 2.905.2
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4.2 Estimated Solar Irradiation

Figure 7 shows the average monthly irradiation of the local area obtained from the
prediction results using a repetitive neural network. Irradiation potential in each month
was in the range of 3.9-6.7kWh/m2. The average monthly irradiation was 5.6kWh/m2.
The highest irradiation potential occured in March and April. while the lowest
irradiation occured in December. From these predictive findings, it can be a motivation
to utilize solar energy in the local campus area. In Indonesia, the average intensity of
solar radiation that falls on the surface area was around 4.8kWh/m2 every day. Thus,
the campus area has a significant solar energy potential compared to the national area.

Data on the availability of solar irradiation in a place is very important for planning
solar power plants. These data are used to estimate the potential energy output of
photovoltaic deployment. Photovoltaic solar technology is capable of converting to
electricity both direct irradiation and diffuse irradiation. However, not all regions have
available irradiation maps or solar insolation maps. Capturing this unexploited solar
radiation will not only improve the total mix of energy but also reduce emissions of

greenhouse gases that degrade the environment.
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Figure 7. Average of solar irradiation prediction
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4.3 Estimation of Rooftop Solar Photovoltaic Potential

After obtaining the roof area available for photovoltaic deployment in all sub-areas
or work unit locations, the photovoltaic power potential can be calculated. This study
found the monthly electrical energy potential as shown in Figure § for different types of
photovoltaic. From the estimation, it was found the electrical energy per year of
8671.1GWh (m-Si): 7234 4GWh (p-Si): 4427.0GWh (a-Si); and 7414.3GWh (CdTe).
Thus, it is crucial to choose a solar panel with high efficiency and best performance.

Rooftop photovoltaic deployment can play an important role in the transition to low-
carbon energy systems. Until now, the lack of data on building and environmental
aspects has impeded accurate estimation of the photovoltaic potential of the local area.
The case study on the roof of the University building provides an overview of the
scenario of rooftop photovoltaic-based electricity generation. Many variables require

estimation through various approaches to obtain a measurable photovoltaic output.

.=
4
I :
@ ..

0

=

]

&
Tixd

‘IP

B Feb Mar Apr Tul Awg Nov
sueSi YpSs Sl o OdTe (MWhHY

Figure 8. Monthly roof photovoltaic potential of all building samples
44  Estimated Carbon Dioxide Emissions
The potential for mitigating carbon dioxide (CO2 ) emissions were obtained based

on the photovoltaic potential of the solar roof. The chart in Figure 9 shows the estimated
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mitigation potential based on the historical emission factors of the local area. This
emission mitigation potential result was obtained from the use of photovoltaic roofs in
all sample buildings. From the estimates made in this study. mitigation potential per
year was: 7.199.468.9 tons of CO2 (m-Si); 6.000.536.3 tons of CO2 (p-Si); 3.674.417.7
tons of CO2 (a-Si): and 6.153.902.9 tons of CO2 (CdTe). The description of the
mitigation potential displayed provides information that photovoltaic panels with high
efficiency and performance provides a proportionally high CO2 mitigation potential.

The estimation results showed that the installation of photovoltaic panels on the roofs of

-
i

Figure 9. Monthly carbon dioxide potential of all building samples

University buildings can help slow down the pace of climate change.
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4.5 Rooftop Photovoltaic Potential and CO2 Mitigation in University Sub-Area

The potential for clean energy and carbon dioxide mitigation in each building in the
campus area have been identified. The identification results are presented in the chart of
Figure 10. From the description, it can be seen that the greatest potential for clean
energy and CO2 mitigation from photovoltaic was generated by the roof of the building
of the Faculty of Mathematics and Natural Sciences with a net energy of mono-

crystalline PV of 13.260GWh/year and CO2 mitigation potential of 1.100,604 tons of
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CO2 /year. The potential map of each sub-area or work unit is useful as a material for

planning the deployment of photovoltaic panels in each building.
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Figure 10. Rooftop photovoltaic potential and CO2 mitigation in sub-area

4.6  Photovoltaic Comparison with Clean Energy Potential and CO2 Mitigation
Potential

This study has succeeded in comparing the performance of 4 types of photovoltaic
widely used to produce clean energy. The different characteristics and efficiency of
each photovoltaic used produce different net energy outputs. From the description of
Figure 11, it shows that photovoltaic types of mono-crystalline, poly-crystalline,
amorphous silicon, and cadmium telluride were used on the roof area of the University
building. The chart shows that the potential for clean energy generated from
photovoltaic systems was directly proportional to the potential for carbon dioxide
mitigation. Mono-crystalline photovoltaic had the largest clean energy potential and

carbon dioxide mitigation potential, followed by cadmium telluride photovoltaic.
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Figure 11. Average monthly energy potential and CO2 mitigation

5. Conclusion

Assessment of the power generation potential from rooftop photovoltaics is very
important to create a policy on solar power production integration. This study
highlighted the roof of the tallest buildings and solar insolation in local areas. The
objective of this study is to predict the potential for rooftop solar photovoltaic
exploration and the potential for mitigating carbon dioxide emissions. The method used
in this study combined a deep learning approach and aerial photography of an
unmanned aerial vehicle. Based on the study on the 40 tallest building, it was found a
roof area of approximately 26.645.0m2 with the average monthly irradiation of
5.63kWh/m2/day and energy potential per year of 8,671.1GWh (m-Si): 7.234.4GWh (p-
Si); 4,427.0GWh (a-Si): and 7.414.3GWh (CdTe). Based on local emission factors, it
can provide mitigation potential per year of: 7,199.468.9 tons of CO2 (m-Si)
6.000.536.3 tons of CO2 (p-Si): 3,674.417.7 tons of CO2 (a-Si) and 6.153.902.9 tons
CO2 (CdTe). These findings are dedicated to university management in order to design

and manage rooftop photovoltaic systems reliably and economically.
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Abstract- Capturing solar radiation through photovoltaic deployment on the rooftop of
buildings does not only produce clean energy, but it also plays an important role in
mitigating carbon dioxide emissions. Semarang State University in Indonesia expanding
solar energy until 2021 has mnstalled 230kWp rooftop solar photoveltaic in 8 buildings.
Gradually, the rooftop photovoltaic portfolio is being improved to realize the vision of
green campus. [t is important to conduct quantitative assessment of the power
generation potential of rooftop photovoltaic to formulate a policy on the effective
electricity production integration. The objective of this study is to predict the potential
for rooftop solar photovoltaic exploration and the potential for mitigating carbon
dioxide emissions. The method used was the combination of a deep learning approach
and aerial photography of an unmanned aerial vehicle. It was found that from the 40
tallest building units, the available roof area was approximately 26,645 0m2. Average
monthly irradiation was 5 63kWh'm2/dav. Energy potential per vear: §.671.1GWh (m-

Si); 7,234 4GWh (p-51); 4,427GWh (2-51); and 7,414.3GWh (CdTe). Based on local
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emission factors, the mitigation potential per vear was: 7,199 468 9 tons of C0O2 (m-
S1); 6.000,536.3 tons of CO2 (p-5i); 3,674.417.7 tons of CO2 (a-5i), and 6,153,202.9
tons of CO2 (CdTe). The findings of the study are dedicated to university management
in order to design and manage roof photovoltaic systems reliably and economically.

Keywords- solar irradiation, deep learning, unmanned aerial vehicle.

1. Intreduction

Mheeting the increasing demand for electrical emergy from new and renewable
energy-based sources can help reduce CO2 emissions in the atmosphere and protect the
environment. Solar energy is the most promising source of electricity for residential,
commercial, and industrial applications. Solar energy is considered to be one of the
sustainable energy sources that can meet future energy needs [8,9]. A study highlights
that the earth receives about 1.8 1011MW of power from solar radiation instantly [3].
Solar energy converted into electricity has proven to be technolegically robust, scalable,
and geographically dispersed and has a great potential as a source of sustainable energy
[11,12]. Seclar photovoltaics can significantly help buildings increase energy self-
sufficiency and cost-effectively reduce environmental emissions.

The need for a change and a sustainable transition to a low-carbon emission society
1z a vision widely promoted in Higher Education Institutions. In this context, Semarang
State University, Indonesia, which has intended to realize the vision of becoming a
Green Campus, was chosen as a case study in this study. By 2022, this institution has
installed rooftop solar photovoltaic systems in & buildings with a total capacity of
around 260kWp. The installation of these photovoltaic svstems aim to to reduce the use

of electricity from conventional fossil fuel power plants which have negative impacts on
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the environment. Most of the day, significant solar resources are available in the campus
area. According to the Meteorology, Climatology, and Geophysics Agency, the average
monthly air temperature reaches 210C to 360C in 2021. However, until now there has
never been a comprehensive study of solar energy potential on the roofs of all buildings.
However, the output power of rooftop solar photovoltaics is highly uncertain due to
local meteorological factors. Many parameters affect the generation of electricity from
solar power, but solar insolation is the main component [15-17]. Therefore, it is
necessary to identify the potential for rooftop solar photovoltaic so that it can be utilized
for sustainable electricity generation planning to meet daily electricity needs. On the
other hand, the main problem and challenge in the production of solar energy is the
intermittent volatility of photovoltaic power generation due to the dvnamics of weather
conditions. In particular, variations in temperature and radiation can have a major
impact on the quality of electric power produced.

Estimating the solar potential of an area usually requires knowledge of the
availability of a suitable area for the installation of photovoltaic panels {geographical
potential), the availability of solar insolation (physical potential), the ability or
efficiency of certain technologies in converting solar energy into electricity by
considering technical limitations (technical potential), and costs associated with solar
panels uses for energy generation {economic potential) [9].

Studies related to roof geometry and physical features are used to evaluate the
impact of rooftop solar photovoltaic system installations. The approach developed is
based on a2 slope using Light Detection and Ranging (LiDAR) data, building footprint
data, Geographic Information Svstem tools, and aerial photography [10]. Evaluation of

the potential for rooftop solar energy in an area requires information on the availability
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of the appropriate area concerning aspects of solar insolation, orientation, slope, and
shade [11], [12]. Geographic Information Systems (GIS), such as orthophotos and
digital surface models (D5SM) are important elements in determining the ideal roof area.
There are several techniques used to obtain GIS data; manned aerial sensor methods,
such as Light Detection and Ranging (LiDAR), and manned ground methods, such as
terrestrial laser scanning or satellite imagery. Using manned aerial platforms, such as
LiDAR and satellite imagery, iz time-consuming and expensive. GIS data can be
obtained by flying an unmanned aerial vehicle (UAV) which is now increasingly being
adopted directly by researchers from various disciplines [13]. UAV photogrammetry
has very similar accuracy to Real Time Kinematic Global Positioning System data. So it
15 possible to use UAVs to obtain photogrammetric data for map making, surveys, and
several other engineering applications with the advantages of low cost, time
conservation, and minimum fleldwork [14]. Aerial images obtained from unmanned
aerial vehicle technology are an alternative approach for investigating the roof area of a
building [15].

Solar radiation data has an important role as it provides information about all the
energy that comes to earth, which is needed for the utilization, planning, and design of
solar power plants [16]. These data are not available from all locations, so different
climate variables were used fo estimate solar radiation. The solar radiation level
parameter directly affects the energy output and efficiency of the photovoltzic system
[17]. There are several methods to predict the value of solar radiation at a location, one
of the deep leamning-based methods that is widely implemented 1s the Recurrent Neural
Network. RINNs are a type of neural network that exploits the sequential nature of the

input data. ENNs can predict random input sequences due to their internal memory.
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Internal memory can store information about previous calculations [18]. EININ is used to
model time-dependent data and gives good results in time series data, which has proven
successful in several application domains [19]. Application of deep learning techniques
for horizontal daily solar irradiation estimation shows a good performance [20]-[22].
Ancther study also used deep learning techniques to estimate hourly, daily, and vearly
solar radiation [23].

Based on research studies that have been reviewed, this study highlighted (i) the
roof surface area of the tallest building in the campus area; (if) the solar insolation level
of the campus area for a certain period of time. The objective of this study is to estimate
the potential for zolar photovoltaic energy of the fallest rooftop for various tvpes of
photovoltaic technology and the potential for carbon dioxide (CO2 3 that can be
reduced. This paper is prepared as follows: section 2 introduces the data set used in this
study; section 3 describes the methodology for the prediction of the rooftop
photovoltaic potential and the estimation of carbon dioxide mitigation; section 4
presents the results and a step-by-step analysis of the estimation process at each stage;
and section 5 presents the conclusions and provides views for the follow-up

development of the rooftop solar photovoltaic system of the University building.

2. Materials
21 Deascription of Building Sample

The location of this study was the campus area of Semarang State University,
Central Java Province, Indonesia. This institution occupies an area of approximately
157 hectares. Geographically, the coordinates are between §°30°-7°10" south latitude

and 109°35" - 110°50" east longitude. Figure 1 shows land and buildings in the campus

LN
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area based on Google Earth Imagery. From site observations, there are 94 buildings
with various types of area sizes and heights. The location of the building i in 11 work
vnits, consisting of 8 faculties and 3 centers. Detail location name of each building is
shows in Table 1.

The tallest building in each location is used as a sample in this study. Based on the
survey of all locations, it was identified that there were 40 units of three-story buildings.
The surface of the roof area of the tallest building was considered ideal because 1t was
not blocked by plants and trees around the building. Almost all the roofs of the tallest
buildings receive sunlight all the time from morning until afternoon. Because the roof
area was not blocked by trees throughout the dav, thev can be used as options to be
studied.

Information on the roof area of the building is useful for estimating the potential for
solar power that can be captured from the rooftop solar photovoltaic system. Installation
of photovoltaic panels on the roof is very good for generating solar energy [24].
Because of these considerations, the roof of the tallest building was very appropriate for
study. But it should be noted that not every roof surface iz fully accessible for the
installation of photovoltaic panels. Generally, the roof surface of the building is used for
the placement of exhaust air chimneys, water storage tank, communication antennas,
and cutdoor air conditioning units.

Table 1. Description of the three-story building

Building location Number Orientation Roof of facing
Faculty of Education 3 Peaked Buildings North and south
Faculty of Art Language 5 Peaked Buildings East and west
Faculty of Social Sciences 4 Peaked Buildings North and south

Faculty of Mathematics and
Natural Sciences
Faculty of Engineering 5 Flat Building Facing the sky

5 Peaked Buildings East and west
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Sports Science Faculty
Economics Faculty

Law Faculty

Research Center Building
Library Center Building
Rectorate Center Building
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Peaked Buildings
Flat Building
Peaked Buildings
Flat Building
Peaked Buildings
Peaked Buildings

North and south
Facing the sky
North and south
Facing the sky
East and west
East and west

2.2 Daily Solar Irradiation

Figure 1. Google Earth Image of Semarang State University

This study used local area global horizontal irradiance data obtained from the

NASA Surface Meteorology and Solar Energy database. The total amount of radiation

calculated for a given location or area was referred to as global radiation [25]. Figure 2

presents a daily global radiation graph consecutively from January 1, 2017 to December

31, 2021. In one year there were 365 variations of daily global radiation data. and for 5

years there were 1,825 variations of data. The variability of this radiation value was the

interest of this study.
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Figure 2. Horizontal Surface Insolation in 2017-2021
3. Methodology

This study estimated the rooftop solar photovoltaic potential in the campus area and
carbon dioxide emissions mitigation. The study framework is illustrated in Figure 3, the
rooftop solar photovoltaic potential was based on the variable of physical. geographical,
and technical potentials. which adopts related studies [46, 47]. The variables of physical
potential based on solar insolation reflect the energy received from the sun by the roof
of the University building. The variables of geographic potential are variables that
reflect the location or area where solar energy can be captured and used for photovoltaic
deployment. The variables of technical potential are related to the conversion of solar

energy received by the photovoltaic roof area into electrical energy using the technical
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characteristics of photovoltaic technology or photovoltaic efficiency and performance.
Cur assessment of rooftop solar photovoltaic potential combines deep learning with
aerial photo processing of unmanned aerial vehicles. Assessment of emission reductions
from the use of renewable energy sources is by considering the total rooftop solar
photovoltaic electricity production and the emission factors of the area where the

photovoltaic system is installed.
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Figure 3. Forecasting Framework for photovoltaic and CO2 mitigation potential

Solar photovoltaic systems use photovoltaic cells that convert solar irradiation into
electric power. Factors that affect rooftop photovoltaic electricity productivity are the
placement and orientation of the roof, roof design, roof slope, type of photovoltaic, and
performance. The rooftop photovoltaic potential mainly depends on the efficiency of the
photovoltaic modules used to generate solar electricity[28]. Thus, it is important to
choose a solar panel with high efficiency and best performance. The efficiency and
performance factors of different tvpes of photovoltaic panels vary according to the
manufacturing technology and materials used. Table 2 summarizes the efficiency and
characteristics of different types of photovoltaic panels to illustrate various scenarios of
solar power generation. The electrical energy output of a photoveltaic solar panel is

given by Equation 1 [51-32]:

=]
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Epp (\Wh )= Ego (kWh.m™% ) x A (m*) x npy X Npew o)

Where in Epv 15 the output energy of the solar photovoltaic panel in ene hour and

EF‘”is the incoming zolar energy, in one hour, in one umit area; A is the area of the

panel; Mot is the photovoltaic panel efficiency value; Tpet is the efficiency of the power
conditioning unit including the inverter. For this analysis, the monthly average solar
insolation value was calculated. Therefore, generation estimation from rooftop solar
photoveltaic svstems was carried out hourly, for a typical day of each month of the year.
So, Equation (1) is modified to Equation (2):

Eng Epy (kWh) = Xy, Eco (kWh m2)xA(m?)x Npw X Npeu @

Wherein "+ is the number of hours of effective sunlight. Annual energy output
takes into account the number of hours of sunlight in 365 days effectively.

Table 2. Overview and comparison of four different types of PV technologies

PV Technology Module efficiency (%) Panel output (W/m?)

Mono-Crystalline Si 241 241
Poly-Crystalline 51 2011 201
Amorphous 51 123 12.3
Cadmium Telluride Cells 20.6 206

Emission reduction potential was found by considering the weighted average
emission factor of 0.83 in 2019 in Central Java Province, Grid Jamali Weighted
average emission factor data was provided by the Ministry of Energy and Human
Resources. The total emission of reduced CO2 is derived by Equation (3).

C = ZysnEpy x WAE 3)
Where in C is tons of CO2 per MWh, Zvsn Epy is the total annual electrical energy

from solar photovoltaic generated in MWh, and WAE is the weighted average emission

factor.
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31 Rogftop Area Estimation

The installation of photovoltaic panel considers radiation slope and roof area
available on each roof surface. Before installing solar panels on the roof of a building it
iz necessary to assess location where solar panels to be placed. This can significantly
improve the panel performance. In the Northern Hemisphere, roofs facing south have
more direct sunlight. In the other side, in the southern hemisphere, roofs facing north
receive more direct sunlight. Thus, the angle of orientation of the roof determines the
actual solar generation output. The flat roof and low angle of inclination receive
sunlight for about §—10 hours, regardless of its orientation. However, if the inclination
angle is greater than 20°, the orientation of the building affects the hours of sun
exposure in the photovoltaic surface area because some parts of the photovoltaic surface
can be shaded by the roof structure itself. [30]

This study analyzed the roofs of all the tallest buildings, which were three-story
buildings. The roof area received sunlight without being blocked by trees. Based on
Google Earth imagery and a phyvsical survey of the building, all samples of the roofs of
three-story buildings were grouped into several sub-areas. The procedure for
determining the sub-area and estimating the roof area is shown in Figure 4.

After choosing a sample of the roof of the building, then an unmanned aerial photo
was taken for the assessment of the roof area. We flew a DJI Mavic 2 Zoom drone
equipped with a camera at a height of 50 meters. Many photo sets were used to create as
many as 40 models of the roofs of three-story buildings. All models of the roof of these
buildings were taken from a platform that corresponds to a predetermined area. The
model of the building roof was explored using the Agizoft Photoscan Professional tool

to get the total roof area (AT). Thus, AT represents the potential of the roof footprint of
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the study sample uvsed in the calculation. The available roof area was effective for
mstalling photovoltaic panels (Apv) and it was expressed by equation (4), after
considering the reduction of the shading factor and the orientation of the building.
Ap=Ar*F *F.=Ar * 0.5625 4
In this case, AT is the total roof area obtained from the model explored with Agisoft
Photoscan Professional. Fo and Fs are respectively the orientation facter and the
shading factor. Fo and Fs were estimated by considering the condition of the buildings
in the study area. From the physical survey of buildings, it was identified that around
25% of the buildings had flat roofs (Rflat = 0.25). Flat roof buildings did not experience
a reduction in the roof area and were not affected by the orientation of the building
{Oflat = 1). On the other hand, there are 73% of the buildings are peaked roofs buildings
or have slope roofs (Rpeaked = 0,73). The buildings were considered to have roof area
suttability of 30% for photovoltaic installation (Opeaked = 0.3). So by considering the
orientation of the roof of the building, the orientation factor (Fo) can be calculated using
the following approach [51, 54].
Fo=Fan * Ofiar + Raeaked * Opaaiea = 0.25%1 + 0.75* 0.5 =0.625 (3)
The next factor that must be taken into account for mitigating the roof area is the
shading factor. Based on the site survey, it was ssen that there was no roof area of the
buildings used water storage tanks and other uses. The roof area of the three-story
building was also not cevered by the shade of trees and nearby buildings. Considering
these various factors, equation (6) can be used to calculate the shading factor [32].
Shading Factor (F:) = 0,90 (4)
The orientation factor, Fo, and the shading factor, Fs, have been estimated by

considering the physical condition of all the sample buildings in the study area.
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Figure 4. Identification of building samples and estimation of roof area

3.2 Solar irradiation estimation

This section provides an assessment of the potential for solar irradiation available in

the campus area located in Semarang City, Central Java province, Indonesia. The

variability of solar radiation depends on the time scale. This irradiation value is very

important because it can predict the energy generated from the exploration of rooftop

solar photovoltaic systems. This physical potential is defined as the global solar

radiation on the earth's surface for each time step.
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Figure 5. Local area daily solar irradiation variation pattern
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Figure 5 illustrates a daily global radiation from 2017 to 2022, The variability of the
daily radiation value was highlighted to obtain the predicted daily radiation value. Since
the data structure was time series data, the daily solar radiation assessment adopted a
deep learning approach.

A recurrent neural network (RINI) is a deep learning architecture that is widely used
to process sequential data. An iterative neural network model is a type of neural
network that exploits the sequential nature of the input data. The algorithm of this
model adheres to the iteration principle. The input data is fed to the network one by one
and the nodes in the network store their state at one-time step and uvse it to inform the
next time step. Unlike classical neural networks, RININs use temporal information from

input data, which makes them more suitable for time series data. The typical structure of
a repetitive neural network, ¢ |, is data inputed at time T. The black box obtaining input
from other neurons in the previous time step *¢-1+ t is a hidden state in the time step *
and is the "memory" of the network. *t calculated based on the previous hidden state

and the input in the current step. *t captures information about what happened in all the
previous time steps and is given by Equation (7).

S =g U + Wpy ) @

Qutput in step T is Y. To predict the next sequence in the time series, it will be a
probability vector in the time series. Function 9 is usually a nonlinear activation
function as the hyperbolic tangent (Tanh). RNNs share the same parameters (U, V, W)
across all steps performing the same task at each step, only with different inputs.

The iterative neural network architecture shown in Figure 6 was applied fo predict

daily solar irradiation. The configuration consisted of 5 input sizes, 1 output size, 2
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hidden lavers, 32 hidden sizes, 21 sequence lengths, 16 batch sizes, and
root-mean-squared error criteria. The imported dataset was 1825 daily irradiation
average data. To become multivariate, time-series data was divided into quarters in 1
vear. Outlier data was interpolated. For prediction purposes, the portion for training data
was determined to be 80% and 20% for testing data. The form of iterative neural
network data was NSF, which defined the amount of data, the sequence value, and the
number of features. In this context, the sequence value was specified as 21, thus the

array into train data (N, 5, F) was (69, 21, 5) and test data (N, 5, F) was (17, 21, 5).
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Figure 6. RNN architecture for irradiation prediction

4. Result and Analysis
41  Estimated building roof

Traces of the roof area of the building throughout the sample locations or sub-areas
have been obtained. After the gross roof area was calculated, a reduction must be made
to the roof area considering the effects of shading and buildmng orientation. The
available roof area for photoveltaic panel deployment is summarized in table 3. The
total sample buildings were 40 building units. All of these sample buildings were three-
story buildings which were the tallest buildings in the campus area. The available roof
area was chosen by considering the reduction of the orientation and shade factors in
each sample building Building orientation was obtained by considering the slope of the

roof on each building. Buildings with a slope of up to 10 degrees were considered flat
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roofs because they did not need a reduction. While the roof of the building with a slope
of 25 degrees or more needed a reduction from the corientation factor. Reduction of the
shading factor for sloping roof buildings was not necessary because there was no
reserved area in each building. While, for flat roof buildings, the reduction of the
shading factor was calculated because there was a reserved area used for building
support, such as outdoor air conditioning units.

This study showed that the trace of the roof area of the entire sample was 55.513m2
and the roof area available for photovoltaic deployment was 26,645m2. Based on the
traces of the roof area of the sampled buildings, it was known that not all roof areas
were suitable for deploving photovoltaic panels as solar power plants. The results of this
study estimated that only 47.9 percent of the trace of the roof area of the entire three-
story building was available for photovoltaic panel deployment Compared to the
campus area of 157 hectares, equivalent to an area of 1.57 million m?2, it showed that
the portion of the roof area of the building studied in the study was relatively small

Table 3. Description of the roof area of the three-story building

Total Available

Sub-area or work umnit Number -

(m* (m?)

Faculty of Education 3 2120 0540
Faculty of Art Language 3 8.546 3,8457
Faculty of Social Sciences 4 6205 28328
F“MEEELE;;‘E’?;? 2ad 5 7726 34767
Faculty of Engineering 3 7214 3,246 3
Sports Science Faculty 4 5982 26829
Economics Faculty 3 2872 1,202.4
Law Faculty 3 2279 1.025.6
Research Center Building 2 3.698 3,3282
Library Center Building 2 2345 10553
Rectorate Center Building 2 6458 290052
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4.2 Estimated Solar Irradiation

Figure 7 shows the average monthly irradiation of the local area obtained from the
prediction results using a repetitive neural network. Irradiation potential in each month
was in the range of 3.9-6 TkWh/m2. The average monthly irradiation was 5.6kWh'm?.
The highest irradiation potential gecured in March and April, while the lowest
irradiation gecured in December. From these predictive findings, it can be a motivation
to utilize solar energy in the local campus area. In Indonesia, the average intensity of
solar radiation that falls on the surface area was around 4 8kWh/m? every day. Thus,
the campus area has a significant solar energy potential compared to the national area.

Data on the availability of solar irradiation in a place is very important for planning
solar power plants. These data are used to estimate the potential energy output of
photovoltaic deplovment. Photovoltaic solar technology is capable of converting to
electricity both direct irradiation and diffuse irradiation. However, not all regions have
available irradiation maps or solar insolation maps. Capturing this unexploited solar
radiation will not only improve the total mix of energy but also reduce emissions of

greenhouse gases that degrade the environment.

& Avenage Solar Radiation (kWhimZ)
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Figure 7. Average of solar irradiation prediction
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4.3 Estimation af Roaftop Solar Photovoliaic Potential

After obtaining the roof area available for photovoltaic deployment in all sub-areas
or work unit locations, the photovoltaic power potential can be calculated. This study
found the monthly electrical energy potential as shown in Figure 8 for different types of
photovoltaic. From the estimation, it was found the electrical energy per year of
8671.1GWh (m-51); 7234 4GWh (p-5i); #427.0GWh (a-51); and 7414 3GWh (CdTe).
Thus, it is crucial to choose a solar panel with high efficiency and best performance.

Rooftop photovoltaic deployvment can play an important role in the transition to low-
carbon energy systems. Until now, the lack of data on building and environmental
aspects has impeded accurate estimation of the photovoltaic potential of the local area.
The case study on the roof of the University building provides an overview of the
scenario of rooftop photoveoltaic-based electricity generation. Many variables require

estimation through various approaches to obtain a measurable photovoltaic output.
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Figure 8. Monthly roof photovoltaic potential of all building samples
4.4  Estimated Carbon Dioxide Emissions
The potential for mitigating carbon dioxide {CO2 ) emissions were obtained based

on the photovoltaic potential of the solar roof. The chart in Figure @ shows the estimated



INTERMATIONAL JOURNAL OF RENEWABLE ENERGY RESEARCH

Comresponding Author et al. ,\Vol. XX, No. XX

mitigation potential based on the historical emission factors of the local area. This
emission mitigation potential result was obtained from the use of photovoltaic roofs in
all sample buildings. From the estimates made in this study, mitigation potential per
vear was: 7.190 4689 tons of CO2 (m-51); 6.000.536,3 tons of CO2 (p-51); 3.674.417.7
tons of COZ2 (a-5i); and 6.153.902.9 tons of CO2 (CdTe). The description of the
mitigation potential displayed provides information that photoveltaic panels with high
efficiency and performance provides a proportionally high CO2 mitigation potential
The estimation results showed that the installation of photovoltaic panels on the roofs of
University buildings can help slow down the pace of climate change.
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Figure 9. Monthly carbon dioxide potential of all building samples
435  Rogftop Photovoltaic Potential and CO2 Mitigation in University Sub-Area
The potential for clean energy and carbon dioxide mitigation in each building in the
campus area have been identified. The identification results are presented in the chart of
Figure 10. From the description, it can be seen that the greatest potential for clean
energy and CO2 mitigation from photovoltaic was generated by the roof of the building
of the Faculty of Mathematics and Natural Sciences with a net energy of mono-

crystalline PV of 13.260GWh'vear and CO2 mitigation potential of 1,100,604 tons of

L =]
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CO?2_lyear. The potential map of each sub-area or work unit i1s useful as a material for

planning the deplovment of photovoltaic panels in each building.
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Figure 10. Rooftop photovoltaic potential and CO2 mitigation in sub-area

4.6  Photovoltaic Comparison with Clean Energy Potential and CO2 Mitigation
Potential

This study has succeeded in comparing the performance of 4 types of photovoltaic
widely used to produce clean energy. The different characteristics and efficiency of
each photovoltaic used produce different net energy outputs. From the description of
Figure 11, it shows that photovoltaic types of mono-crystalline, poly-crystalline,
amorphous silicon, and cadmium telluride were used on the roof area of the University
building. The chart shows that the potential for clean energy generated from
photovoltaic systems was directly proportional to the potential for carbon dioxide
mitigation. Mono-crystalline photovoltaic had the largest clean energy potential and

carbon dioxide mitigation potential, followed by cadmium telluride photovoltaic.
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Figure 11. Average monthly energy potential and CO2 mitigation

5. Conclusion

Assessment of the power generation potential from rooftop photovoltaics is very
important to create a policy on solar power production integration. This study
highlighted the roof of the tallest buildings and solar insolation in local areas. The
objective of this study is to predict the potential for rooftop solar photovoltaic
exploration and the potential for mitigating carbon dioxide emissions. The method used
in this study combined a deep learning approach and aerial photography of an
unmanned aerial vehicle. Based on the study on the 40 tallest building, it was found a
roof area of approximately 26,643.0m2 with the average monthly irradiation of
5.63kWh/m?2/day and energy potential per vear of 8,671 1GWh (m-3i); 7.234 4GWh (p-
S1); 4,427.0GWh (2-51); and 7,414 3GWh (CdTe). Based on local emission factors, it
can provide mitigation potential per vear of 7.199.4689 tons of CO2 (m-5i);
6,000,536.3 tons of CO2 (p-5i); 3,674,417.7 tons of CO2 (a-51) and 6,153,902.9 tons
C02 (CdTe). These findings are dedicated to university management in order to design

and manage rooftop photovoltaic svstems reliably and economically.
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Abstract- Capturing solar mdaatson through ph leaic deployment on the rooftop of buildings not only prodeces cleun energy
but also plays an mportant rode in matigating carbon dioxide emissions. Semarang Stute University in Indorsesia expanding sodar
energy until 2021 has instatled 260 KWp rooliop solar plotovoltaic in 8 buildings. Gradually, the rooftop ph Haie portfolio
s being improved to realize the vision of the green campas. It is impoctant 10 conduct & quantitative assessment of the power
generation p | of rooftop photovoltaics to fi late a pobicy on cﬂ'emve electricaty production integration. The objective
of this study is (o predict the potential for roollop solar ph Maic ex| 1on and the p ial for mitigating carbon dioxide
emisssons. The method used was the bination of a dccp ' 2 appeoach and mnl photography of an wamunned scerial
vehicle, It was found that of the 40 wllest bailding  wnits, the available roof area  was  approximately
26.645 m®. The was 5.63 KWhim“iday. Encrgy potential per year: 8,671.1 GWh (m-Si); 7,234.4
GWh (p-Si); 4427 GWh (a—S-] and 74143 GWh (CdTe). Based on Jocal enassion factors, the mitigation potential per year
was: T 1994689 tons of OO (m-Sk); 6,000.536.3 toas of COy (p-Sty; 3,674.417.7 1ons of COy (a-81), and 6,153.902.9 tons of
CO; (CdTe). The findings of the study ure dedicated o university munagement 1o design and munage roof photavoltaic systems

hiv treadiati

rediably and ecoonmically.
Keywords Solar irradiati

1. Intreduction

Meeting the ing d 1 for electrical energy from
new and renewable energy-based sources can help reduce CO;

issions in the phere and protect the environment,
Solar encrgy is the most promising source of clectricity foe
residentinl, commercial, and Industrial spplications. Solar
energy is considered 10 be one of Ibe sustainphle encegy
sources that cun meet future emorgy needs |1-3]. A stxly
highlights that the carth receives about 1.8 1011 MW of power
from solar radiation instanely [4) Solar energy convened inso
eloctricity has proven to be techinologically robust, scalabl
wxl peograpbically dispersed and has great potential as o
source of sustamnable energy [5. 6], Solar photovoltaics can
significantly belp buildings increase encrgy self-sufficiency
and cost-effectively redice environmental conkssias [7].

deep learning, d acrial vehicle, carbon mitigation, photovoltac.

The need for u change and 2 sustaimable transition 0
low-carbon emission society is a vision widely promoted in
Higher Education Institutions. In this context, Semarung Stase
University. Indonesia, which has intendad o realize the visson
of becoming a Green Campus. was chosen @ & case nndy in
this study. By 2022, this institution has installed p solar
phatovoltaic systems in & baildings with u total cqu:ny of
wroend 260 kWp. The installation of these photovoltae
systems ams 1o reduce the use of  edectncaty  from
conventional fossil fuel power plants which have negative
impacts an the environment. Moast of the day, signifscant solar
resonrces are available in the campus area. According to the
Meteorology, Climatology, amd Geophysics Agency, the
average manthly ar empersture reaches 21°C 10 36°C in
2021, However, until now there has never been o
comprehensive stuldy of solar energy poteatial on the roofs of
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all busldings. However, the owput power of rooftop solar
photovoltascs is highly uncertsan doe to Jocal meteorologscal
factors. Many parameters affect the gemeration of electncity
from solar power, bat solur insolation is the main component
18 10]. Therefore, it i necessary to adentify the potential for
rooftop solur photovoltaics so that it can be utilized for
sustaiinable electricity  generation planning o met claily
electnicity needs, On the other hand, the main problem and
challenge in the production of solar energy s the intermittent
volimility of phowvoltale power generation due 10 the
dynamics of weather conditons [11] In parucular, vanations
m temperatisre and radiation can bave a major impact on the
quality of electric power produced

Estimating the solae potestial of an area esually requires
knowledge of the availability of o suitable arca for the
installation of photovoltaic panels (geographscal potential ),
the availability of solar insolation (physical poteatiall, the
ability oF efficiency of cermain technologies in converting solar
energy Into electricity by considering technscal Hmitatoas
(technical potential), and costs ussocated with solar panels
uses for energy generation (economic potential) 12, 131,

Studies related 1o root geometey and physical features are
wsed o evaluate the mmpact of rooftop solar phwtoyoltadc
system installations. The spproach developed is based on a
slope using Light Detection and Ranging (LIDAR) data,
botlding footprint data, Geographic Information Syssem tools,
uexd acial phowgraphy [ 14]. Evaluation of the potential for
rooftop solar energy i an area requires information on U
availability of the approprizte ares conceming aspects of solas
insolation, orientatzon, slope, and shade |15, 16]. Geographic
Information Systems (GIS), such us orthophotos and digital
surface models (DSM ) are important elements in determining
the ideal roof arca. There are several techmigues used to oblan
GIS datn: manned acrial sensor methods, soch = nght

Network, RNNs are o type of neural network that exploits the
sequentiol mature of the input dsta. RNNs can predict random
mpuet sequences due 1o their intermal memory. Internal
memory can store information about previous calculations
122). RNN s used to moded time-dependent data and gives
good results in time senes data, which has proven successful
i several application domains [23]. Application of deep
learning techniques for bonzonel daoily solar irmadiation
estimation shows a good performance [24, 25). Another study
also used deep Jearning tochmigues to estimate hourly, dasly,
undd yeurly solar radiation |26]

Based on rescarch stusclies that bave been reviewed, this
sudy highbghted (i) the roof swurface wrea of the tallest
bailding in the campus arca; (i) the solar insolation kevel of
the campus arca for a centain penod. The objectave of this
study is to e the p 1 for solar ph laic energy
of the tallest rooftop for vanous types of photovoltaic
technology and the potential for carbon dioxide that can be
reduced. This paper 1 prepared as follows: section 2
imtroclisces the data set used 1 this stady, section 3 describes
the methodology for the predaction ol the rooflop photovollasc
potential and the estimation of cawrbon dioxide mitigation,
section 4 presents the results and a step-by-step analysis of the
cstimation process al each stage, and section S presests e
conclusions  and  provides  views  for  the  follow-up
development of the rooftop solar photovoltaic system of the
University building.

2. Muterinks
2.1, Descopeion of Building Sample
The locaton of this study was the campus area of

Semarang State Univessity, Central Java Proviece, Indosesia
This insti oocupies an area of approximutely 157

Detection and  Rangmg (LIDAR), and
methods, such as serrestrial kaser scanning or saellite mugrq
Using manned acrial platforms, soch as LIDAR and satellite
imagery, is time-consaming und expensive. GIS data can be
obtaped by flying an unmanned senal vebicle (UAV) which
w now mcreasingly being adopted dizectly by researchers
from vanous disciplines [17]. UAV photogrammetry has very
stenilar acourncy to Real Tone Kinematic Global Posttioning
System data. So it is possble 0 use UAVs 10 obtain
photogrammetnc duta for map maoking, surveys, and several
other engineering applications with the advantages of low
const, thme coamservation, and minimum fieldwork [18) Aeral
images obtained from unmanned aerial vehacle rechnology are
an alternative spproach for investigating the roof area of a
buslding [19].

Solur radiotion duta has an important role as it provides
information about all the encrgy that comes 1o curth, which s
needed for the utilization, planning, and design of solur power
plant. These data are oot availuble fram all lecubons, »o
differemt climate variables were used to estimate solar
rudiation, The solar radiation level parameter directly affeces
the energy output and efficiency of the photovoltaic system
120, 21). There are several methods to predict the value of
solar radiation at o location, one of the deep learming -based
methods that are widely implemensed is the Recurrent Newral

hectares, Geogruphically, the coordinaes are between 6730
LIPS cast loagitude

TU10 south Latitude and 04735 -

Fig 1. Google Earth Image of Semarang State Universicy

2053
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Figure 1 shows land and buildings 1n the campus arca
based on Geogle Earth Imagery. From site observations, there
are 94 buildings with various types of area sizes and heights.
The location of the bullding s 11 work units, consisting of
eight faculties and three centers, Detuil bocation name of each
building 1s shows in Table 1.

The tallest building in each locution ix used ax 2 xample m
this stucly. Based on the survey of all Jocatioms, it was
wdentified that there were 40 units of three-story buildings. The
surface of the roof ares of the allest building was comidered
sdeal bocause 3t was not blocked by plants and trees around the
building. Almost all the roofs of the tallest buiklings recerve
sunlighe all the time from moming until afternoon. Because
the rool srea wis not blocked by troes throvghour the day, they
cun be used as options o be studied.

Information on the roof area of the building is usefal for
mmhgmemmmr«mlumllwcunhcmued
from the solar ph Installation of
mmmmlxmmmhm;ocdla generating
solar encrgy [27, 28). Because of these consaderations, the
rood of the tallest balkling wis very appropriate for scudy. Bat
1t showld be noted that not every roof surface is fully accessible
for the mstallation of py ltai s. G dly, the roof
surface of the building is used foe the placerment of exhaust air
chimpeys, waler storage tank, communication antenmas, and
outdoor akr conditioning wnits.

2.2, Daily Solar Irradiation
This study wsed Jocul area global horizontal irrad
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Fig 2. Horizontal Surface Insolation in 20172021
3. Methodology
This study estimated the op solar photovol

potential in the campus arca und carbon dioxide emassions
mmmmmdyfmmwwtudhmdlnﬁmlﬂ:

~

data obtained from the NASA Surfuce Mammlnu and Solar
Energy database. The toral amount of radiation calculaed for
a given location o was referred 1o as global radiation
129]. Fagure 2 presemts a daily global radiaton graph
consecutively from January | 2017 to December 31 2021 In
one vear there were 363 vanations of daily global radiation
data, and for 5 years there were 1,825 vanations of data. The
vartability of this radeation value was the imteress of this study.

p silar ph | was hased on the vanable
of phmcnl goo‘rwhmll. and technical potentiaks, which
adopts related susdies 130, 31). The varubles of physical
potential based on solar insolutson reflect the energy received
from the sun by the roof of 1he Univensity building. The
variahles of geographic potential are variables that retlect the
location oc area where solar encrgy can be captured and used
tor phtovolaic deployment. The vartables of techaical
potential are reluted (o the conversion of solar energy received
b) the ;!wlmolmc mo( area mm clecml enesgy using the

istics Of or
photovaleaic efficiensy and § Owr of
1ooftop solar photovoltaie pum-ul combines deep learming
with nerial phulo pmu:ni-g of unmanned acrial vehicles
A ons from the use of renewable

energy s by ng the total rooftop solur
Table 1, Description of the three-story building
Building location Number Ovientation Roof of facis

Faculty of Edvcation 5 Peaked Buildings Noath and south
Faculty of Ant Language 5 Peaked Buildings East and west
Faculty of Social Sciences N Peaked Buildings North and south
Faculty of Masthematics and Natural Sciences 3 Peaked Buildngs East and west
Faculy of Engineering b Flat Baikding Facing the sky
Sports Science Faculty Kl Peaked Buildings North and south
Econamics Faculty i Flat Buidding Facing the sky
Law Faculty i Peaked Buildings Noeth and south
Research Center Building 2 Flat Building Facing the sky
Libwary Center Buslding 2 Peaked Buildings East und west
Rectorate Center Building 2 Peaked Buildings East and west

2054



INTERNATIONAL JOURNAL of RENEWABLE ENERCY RESEARCH

D. A. Widodo et al, Vol.az, No.4, December 2022

photovoltase electricity producton and the emission factors of
the area where the photovoltaic system is mstalled.
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Fig X Forecasting frumework for pbotovoltaic and OO,
mitigation potential
Solar photovoltaic systems wse photovaltae cells that
convert solar |mdhuua im0 electric power. Factons that atfect
top ph lecteicity productivity are the placement
nndonmnnmo(muw( mofdeslsn.nnldope lypeo(
. and perfi
pmamnl muniy depends on the efﬁnenc) of me phowmlwc
modules used 1w gemerate solar clectricity [32, 33] Thus, it is
mportant o choose a solar panel with high effickency and the
best performance. The efficicocy and perfoemunce factors of
dlﬂm lypnol’ﬁumnumx pancls vary according to the
haology and ials wsed Table 2
summarizes the efficeency and characteristics of differemt
types of photovoltic pasels o iHustrate various scenaros of
solar power generation. The electrical energy output of a
photovoltaic salar panel is given by Equation | [34]:

Epe (kWh ) =

By CEWh.m™ ) X A (m*) X e X My n

Where in Ey, 15 the outpet energy of the solar
photovoltase panel in one hour and E is the mooming solar
emergy. in one hour, in one unit area: A is the area of the panel;
Npw 15 the pbotovoltaic panel efficiency value: Npq, s the
efficiency of the power comdibioning unit mcluding the
mverter. For this analysis, tk nmnlhly average solar
msolation  value  was  colcul Th o
extimation from rooftop solar photovoltake systems was
carried out hourly, foea I"lul day of each moath of the year.
So, Equation (§1] " modfied w
Equation (2):

Zas Eye (kW) =

T Bvot (kWh.om™*) xA (m* Yx ny, X, (2)

Wherein Ny, 15 the number of hours of effective sunlight,
Anoual energy outpat takes into account the number of hoars
of sunlight in 365 duys effectively. Emission reduction
potential was found by considening the weighted average
ermnissaon factor of 083 in 2019 in Cenaral Java Provinee, Grid
Jamali. Weighted average emission factor data was provided
by the Ministry of Energy and Human Resources, The tocal
emissaon of redvocd CO; bs derived by Equation (3).

€= Ennbpe ¥ WAE &)

Where in C is 1ons of CO; per MW, Yoy £,y 18 the torad
annual electrical energy from solar photovoltaic generted in
MWh, and WAE is the weighted average emission factor,
Table 2. Overview and comparison of foar different types of
PV technologies

Module

PV Technology (-d’limw) Panel output (W)
m-Si 215 350
pSi 1506 245
a-Si 198 250
CdTe 17 320

3.1, Rowfrop Area Extimation

The installation of o photovoltade  panel  considens
radiation slope und roof srea avalable on cach ool surface
Before installing solar panels oo the toof of a bailding, it is
necessary 1o assess the location where solar panels 1o be
placed, This can significantly imprave the pancl performance
In the Northern Hemisphere, roofs facing south have more
dsrect sunlight. On the other sade, i the southem hemisphere,
rools facing north receive more direct sunlight. Thus, the
angle of o ion of the roof d ines the actual solar
generation output, The flat roof and low angle of inclination
receive sunbight foe sbout 8-10 hours, regurdless of s
odentation. However, if the inclinatson angle is greater than
207, the cckentation of the building affects the hours of sun

P in the ph Itaic surface area beciuse some parts
of the phosovoltuse surface can be shaded by the roof seructure
itself |35, 6]

This study analyzed the ronfs of all the tallest buildings,
which were three-story buildings. The roof aren received
sunlight without being blocked by trees. Based oo Google
Eanth imagery and o physical survey of the bublding, all
mpkcﬂmeminnrmcm huldingsmpuup«l
imto several sub The p Jure for d ig the sub-
wrea and estimating the roof area is shown in Plgum 4

Virghe Fords lovege
e
¥ bies and § coners
[oy——.
oy -
Wabdug wih | aes e
- By -
. R e
Eatzwrad et baxger _—
of e Inableg
R
. o
Poelon prbbobl iy
[hedonstan b nvees
Fig 4 Identifi of building samples and estimation of
roof wea

After choosing a sample of the roof of the budding, then
an unmanned seriol photo was taken for the assessment of the
roof area, We flew a DI Mavic 2 Zoom drone equipped with
a camvera ot @ height of 50 meters. Many photo sets were used
1o create as muany as 40 models of the roofs of three-stocy
buildings. All models of the roof of these huildings were taken
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from a platform that corresponds 1o a predetermincd arca, The
moxdel of the bailding reof was 1 usng the Agisofl
Photoscan Professsonal tool to get the total roof area (AT).
Thas, AT represents the potential of the roof footprint of the
sty sample used in the calculanon. The available roof arca
wies effective for installing photovoltaie pancs (Apy) and it
was expressed by Equation (), after considering the reduction
of the shading factor and the onientation of the building,

Apy = AT » Fo » Fs = AT «» 05625 4

In this case, AT s the total roof area obtained from the
model explored with Agisoft Photoscan Professional. Fo aend
Fs are respectively the onentation factor und the shading
factor. Fo und Fs were estimated by considering the condition
of the buiklings in the study area. From the physical survey of
buildings, it was identified] that aroand 25% of the buildings
had flat roofs (Rflat = 0.25). Fla-roof bubldings dad not
experience a reduction in the ool ared and were not affected

i fy i m*,rm'”m ™Y

Fig 5. Local area daly solar imadution varsation pattern

A recarrent nearal pewwark (RNN) 15 a deep Jearning
architectore that is widely used 1o process sequential tata, An
iterative neural network model i i type of neural network that
exploits the sequential nature of the input data, The algorithm
of this model adberes to the iteration principle. The input data
is fed 1o the network one by one and the nodes i the netwoek
store their state o o one-time step and use 110 mfonm the next
time step. Unlike clessscal neural ks, RNNx use
temporal informabion from input data, which makes them
more suitable for time seriex data. The typical stracture of o

by the arieptation af the builds
(ONat = 1), On the other haskl, there are 73% ofl!:buillimsh
are peaked roofs buildings or have shope roofs (Rpeaked =
0.75). The buildings were considered o have a roof area
sustability of S0% for photovoltaic installation (Opeaked =
0.5). So by considering the oriestation of the foof of the
butlding, the orientution factor (Fo) can be calculated using
the following approach [32, 37

= Rflat » Oflat + Rpeaked » Opeaked
= 025+«1 4 075 » 05 = 0625 5)

The oext factor that must be taken into account for
mitigating the roof area is the shading factor, Based on the site
survey, il wis séen that there was no roof area of the buildings
that were used for water storage tanks and other uses. The rool
mof!hedmawyhldin‘wudmnmmutdbylh
shade of trees und nearby baitdings. Considering these v
factors, Equation (6) can be used to cdculnc the shading
factor.

Shading Factor (Fs) = 09 (6

The orientaton factor (Fo) und the shading factor (Fs)
have heen estimated by considering the physical condition of
all the sample buildings in the stady area.

1.2, Solar Irrautlation Estimarion

Thes section provides an of the | ial for
solar irmndiation availoble in the yus arca | !
Semarang City, Central Java province, Indoacsia. The

tability of solar radi depends on the time seale. Thas
imdmimulmu\uympmmbawumpmﬂclme
epergy generited from the exploration of rooftop solar
photovoltaie systems. This physical potential is defined as the
global solur radiation oo the canth's surface for cach time step.

Figure 5 tllustrates daily global radiation from 2017 w
2022, The vanability of the duly radistion value was
highlighted to obtain the prodictod daily radastion value, Since
the datn s&mctun wis time semdm the Mly solur radsation

pred adeep )

e

itive neural k. X .o data inputted o time £, The
Mbo:uwmngmpmﬁnmuhummthtpmvmm
thine step X, _y, ¥ is & hidden state in the time step ¢ and is the
“memuory” of the metwork. 5, calculated bused on the previous
hadden state and the mpol in the current step. 5, cuptures

infi jon aboat what happened inall the previous time seps
und i given by Equation (7).
s =a( Uy + wll-l) N

Output in step £ 1x y,. To predict the next sequence in the
timme series, it will be a probability vector in the time series.
Fusction g i usually a sonlincar activation fusction as the
hyperbolic tangent (Tank), RNNs share the same paramelers
(U, V, W) across all sieps performing the sume tisk it cach
siop, only with different inputs.

A
-~ g
el IR B TR S e e
- L=
-~
Fig 6. RNN architecture for imadiation predict

The iterative neural network architecture shown in Figure
6 was applied 10 predict daily solar imadistion. The
configurution consisted of § input sizes, | output size, 2
hiddden layers, 32 hidkden sizes, 21 sequence lengths, 16 batch
sazes, and rool-mean-squared eror criteria. The imported
dataset wus 1825 daily irradiation average data. To become
multivariate, tme-senes data was divided 1o quaniers in o
year, Outhicr data were iterpoluted. For predaction parposes,
the portion for training data was determined to be 305 and
20% for testing data. The form of derative neural network data
was NSF, which defined the amount of dats, the sequence
vabue, und the pumber of f Inthis 1he
vabue wis specified as 21, thus the array hmtmndmm S,
Fy was (69, 21, 5) and test data (N. S, F) was (17, 21, 5).
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4, Result and Analysts

4.1, Estimated Builiting Roof

Traces of the roof area of the building throughout the
sample locations or sub-aress have been olxained. After the
gross rool area was caloulated, o reducton st be made w0
the roof anca considering the effects of shading and building
orieatution, The available roof area for photovoltasc panel
deploynient is summacized in Table 3

Table 3. Description of the rool area of the threc-story
building

Sﬁ-:c: Building  Total (m?) Availuble
F“"E | "’i:: 5 2,120 954,0
ot An 5 8546 38457
Fs:‘g’s:.‘ 4 6295 28328
Faculty of
:"’;’m’ s 1726 34767
Sciences
!""";. Ry of s 724 32463
o] . Science 4 S062 26829
m’?“""’k;"‘ » 3 2ET2 12924
Law Faculty 3 2219 10256
ml! . 2 608 33282
el 2 2145 10553
S 2 6456 29052

_Center Buikding

The total sample buildings were 40 burlding unias. All of
these sample buildings were theee-story buildings which were
thcnllmluuarwmu.mmhhlemdmuwu

vg the reduction of the onentation amd
shade factors in each sample building. Building onentation
win obtained by considering the slope of the ool on cach
building, Buildings with a slope of up 10 10 degrees were
considered Mat roofs because they dul not need a reduction.
While the roof of the building with a slope of 25 degrees or
more needed o reduction from  the ooentation  factor,
Reducton of the shading Iactoe for shoping roof budldings wis
oot necessary because there was no reserved area in each
building, While, for flat roof buildings, the reduction of the
shading factor was calculated becanse there was o reserved
arca wsed for building  support. such as outdoor  alr
conditioning umits.

Thas stcly showed that the trace of the roof area of the
entire sample was 55,513 m* and the roof arca available for
phictovoltaie deployment was 26,645 m’. Based on the traces
of the roof area of the sampled buildings. it was known thal

not all roof areas were sumable tor deploymg phosovoltas
pancls ax solur power plamts. The resulis of this study
estimated that only 47.9% of the trace of the roof area of the
entirethree-story bulding was available for photovoltake
panel deployment, Compared 1 the campis area of 157
hectares, cquivalent 0w un arca ol
157 million m’, 3t showed that the portion of the ol area of
the bailding studied in the study was relatively small,

4.2, Estimateel Solerr Radiction

Figure 7 shows the average monthly irradistion of the
local ares obtaimed from the prediction reselts using o
repetitive newral ok, Ieradiation g ial m each moath
was in the range of 3.9-6,7 kWh/nv'. The average monthly
Irradiation was 5.6 KW, The ighest irradiation potential
occurred in March and Apnl. while the Jowest iradiation
vccurmed in December. From these predictive findings, it can
be a motivation to utilize solar enesgy in the local campes arca.
In Indonesio, 1he average intensity of solar rduation that falls
o the surface arca was around 4.8 KWhVin® every day, Thus,
the campus area has a sigmficant solar energy potential
compared to the national area.
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Fig 7. Average of solar ivadiation prediction

Duata on the avallability of solar irradiation in o place 1s
very important foe planning solar power plants. These ks are
Mmcmhwwmgymmldwm
deployment. Ph luic solar techoology s capab
converting to electricity both direct wradiation and dlﬂ‘tu
Irvadiation, However, notall regions have available iradiation
maps or solar insolation maps. Captuning this usexplosted
solar rdiation will not oaly impeove the total mix of energy
but also reduce emissions of greenhouse gases that degrade
ihe environment,

4.3, Extimunted Roofrop Soler Photwnvalude Potential

After obtaining the roof area avaslable for photovolias:
depluymem:udlwb—wu-orwutmlocuumﬂn
ph leaic power | can be caleulated. This sty
found the monthly ehectrical energy potential as shawn in
Figure 8 for differest types of photovoltaics From the
estimation, it was found the electrical energy per year of
86711 GWh (m-Si), 72344 GWh (p-Sii: 4427 GWh
(a-Si); and 74143 GWh (CdTe). Thus, it is cnacial to choose
asolae panel with hagh efficiency and the best performance.
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T

o e ke =
Fig 8 Moathly rool photovalaic potential of all butlding
samples

e -

Rooftop photovoltaic deployment can play s impaortant
rale i the transition to low-carbon energy systems, Until now,
the lack of data on butlding and environmental aspects bas
impedad sccurale estimation of the phatovoltaie polential of
the Jocal area. The case study on the ool of the University
building provides an overview of the scenario of rooflop
photovoltasc-based  electnicity generation. Many vanabics
reguire estimation through vanous approaches 1 obilisin 4
measurable photovoltaic outpul.

4.4 Estimated Carfron Dioxide Emissions

The potential for mitigatng carbon dioxide emissions was
obtned based on the photovoltuic potential of the solur roof.
The chart in Figure 9 shows the estimated mitigation potential
based v the bistorical emission factors of the Tocal area. This
emission mitigation potential result was obtained from the use
of photovoltake Toofs in all sample buildings. From the
estinates made in this study, mitigation potential per year
was! 7,199,468.9 1ons of CO: (m-Si); 6.000,536.3 tons of CO;
(p-Si); 3,674.417.7 1ons of CO; (a-Sik and 6,153.902.9 tons
of CO; (CdTe)
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- i IR =
x] tEiii '_4‘-',n
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' o s e w om s ow w
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Fig 9. Monthly carboa dioxide potential of all building
samples

The descripbion of the matigation potentinl displayed
provides information that photovoltaic pancls with high
efficiency and performance provide o propartionally high CO;
mitigation potential. The estimation results showed that the
mstallation of pasels an the roofs of Umversity
buildings can belp show down the pace of climate change.

4.5 Roofrop Photovolunce Poremial and CO; Mitigation in
Untversity Sub-Area

The potental for clean energy and carbon dioxide
mitigation in coch building in the campus ares has been
semtified. The identification results are presented in the chan
of Figure 10, From the description, It can be seen that the

grearest pocentinl for clean emergy and CO; mitigation from
photovoltaic was gencrated by the rool of the building of the
Faculty of Mathematscs and Natural Sciences with o net
energy of mono-crystalline PV of 13,260 GWhiyear and C0;
mitigation potential of 1,100,604 tons of COyyear. The
potential map of cach sub-arca or work unit is uselul s &
material foe planning the deployment of photovoltaic pamels
in each bualding.
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Fig 10. Rooftop photavoltaic potential and CO;
mitkgation bn sub-arey

4.6, Photoveltaic Comparisor with Clean Energy Potensial
ard COs Misigution Povential

This stady has socceeded in comparing the performance
of & types of photosultales widely uwsed to produce clean
energy, The differens charclenstics and efficiency of cach
photovoltaic used produce different net energy outputs.
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Fig 11. Average monthly energy potential and OO
Tt gation

The description of Figure 11, shows that photovoliaic
types  of mone-crystalline,  poly-crystalline,  amorphous
silicon, and cadmium tellunde were used oo the roof area of
the University building. The chart shows that the potential for
clean emerpy geseraied from photovoltase systems  was
directly proportionsl W the | il for carbon dioxade
miligation. Mono-crystaliine photovoltase bad the largest
chean  energy  potential and  carbon  dioxide  mitigation
potential. followed by cadmium telluride photovolic.

an .
— {11 v UL yent)

5. Conclusion

Assessment of the power geperation potential from
rooftop photovoltwics is very important o crease o policy on
solar power production integration, This study highlighted the
rood af the tallest buldings and solar insolation in Jocal aress.
mob)ecuveofllmsmdyuhpmhcllhep&malfu

p wolar ph anxd the p sal for
mmnnuu] cutixm dioxide cmwnu The mclbod used in this
stidy combined & deep leaming  approach  and  acrial
photography of an unmansed senal vehicke. Based on the
stixly on the 40 tullest hlldmg: it was found u morm ol
approximately 26,645 m” with an uthly i

of S.63kWh/m2/day und encrgy po«cmul per ycar of 86711
GWb (m-Si); 7.2344 GWh (p-Sik. 4427 GWh (0-Si); and
TA14.3 GWh (CdTe). Based on local emission factons, it can
provide matigation potestial per year of: 7,199, 4689 tons of
CO; (m.Si); 6.000,536.3 toas of CO; {(p-Si); 1,674.417.7 1ons
of CO;p (280 and 6,153,929 was CO; (CdTe), These
findings are dedicated 10 untversity management 1o design and
manage rooftop  photovollasc  systens  relisbly  and
economacally.
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