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ARTICLE INFO ABSTRACT

_ _ Renewable energy sources are expected to replace traditional energy sources
Article history such as oil and gas in the future. It goes without saying that solar energy has
Received April 05, 2022 been demonstrated to be a key source of green energy. Solar energy is used
Revised May 29, 2022 because it is abundant, pollution-free, and easily available. However, the
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power utility market requires highly exact solar energy forecasts. These
challenges need the creation of a device that can precisely predict solar

mﬂ?};d@amm- energy output via processing the location's weather data, which is
SAM: g accomplished through the use of machine learning and multiple linear
Solar energy: regression (MLR). Some elements, such as the number of cloudy days,
Pollution-free: humidity, temperature, wind condition, and precipitation, should be
Renewable energy addressed while simulating solar power output. In this paper, a 12-kW

photovoltaic (PV) system on the rooftop of a house in Isfahan was studied
using the System Advisor Model (SAM). The most significant research
contribution of the proposed paper is to predict the output power of a solar
system with the lowest possible error. According to the simulation results,
by using the MLR model, the predicted power has an error of 6 % with the
actual power, which is a very good estimation. In addition, this system meets
each household's energy needs plus an additional 8430 kWh per year,
resulting in being paid by utility companies, a fewer number of outages, and
lower air pollution levels.

This is an open-access article under the CC-BY-SA license.

1. Introduction

Green energy is the basic subject for quite a few researchers in the world [1]. Because of air
pollution, a huge number of outages, and a scarcity of fossil fuels, renewable energy is in great demand
presently [2-4]. Using a micro-grid or nano-grid system with an appropriate DC-DC converter is a
suitable solution for implementing renewable energy sources [5]. Solar energy is the cheapest,
cleanest, and most plentiful renewable energy source [6]. Solar energy, on the other hand, is affected
by a variety of elements such as weather, wind, overcast days, dust, and so on [7]. Therefore, using
regression models and machine learning is essential to predict the above factors [8-10].

There are quite a few regression models which are utilized to predict the possible output power,
such as linear regression, logarithmic regression, artificial neural network (ANN), multiple linear
regression, and so on [11-13]. In this paper, an efficient multiple regression model is used, which has
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some advantages over other methods, including using a lower number of weather factors [14-16].
Regarding the solar system, there are three types of tracking systems for installing solar panels,
including a one-axis tracking system, a two-axis tracking system, and a fixed tracking system [17-19].

Several research has lately been undertaken to predict solar power based on weather forecasts.
Using meteorological data supplied by weather agencies, the author [20] develops a model that
forecasts the quantity of solar power output. This paper suggests a two-step modeling technique for
connecting unexpected weather variables to weather predictions that have been made public. The
empirical results reveal that, regardless of the types of machine learning algorithms used, this strategy
outperforms a baseline approach by a large margin. The random forest regression approach likewise
outperforms the others for this problem, with an R-squared value of 70.5 percent in the test data. In
[21], power projection is estimated in the short term using real-time data from a 1 MW PV power
plant in operation. The precision of the suggested technique is proved by comparing estimation power
data with real-time data. Traditional artificial intelligence algorithms are applied in the initial step.
The algorithm with the lowest error is chosen from all of the algorithms used. As a result, this research
gives valuable information and approaches to scholars interested in planning and modeling PV power
facilities.

The author in [22] mentions that energy forecasting can help to alleviate some of the problems
that come with resource unpredictability. The research provides a solar power forecasting algorithm
based on artificial neural networks. The model's performance is compared to that of multiple linear
regression and persistence models, as well as a sensitivity analysis of numerous input variables for
optimum selection. The impacts of different environmental conditions on the output of a PV system
are discussed in [23]. Selective variables are assessed for prediction models based on Artificial Neural
Networks (ANN) and regression models. The correlation-based feature selection (CSF) and Relief
approaches are used to make the selection. All of the other strategies are outperformed by the ANN
model. In [24], the performance of probabilistic predictions is evaluated using a number of indicators,
most of which come from the weather forecasting community. The findings show that exogenous
NWP inputs increase the quality of intraday probabilistic forecasts. The study looked at two regions
with vastly different solar variability. It is obvious that by predicting the possible generated power, it
is easier to convince people to invest their money in a PV system.

The two research contributions of the presented paper are predicting the extracted power by a
solar system with the lowest error and doing the economic analysis of the mentioned PV system. The
structure of the paper: The PV system is detailed in Section 2. In Section 3, the multiple linear
regression is explained. In section 4, the simulation results are compared.

2. PV System

In order to extract solar energy, there is a need for a grid-tied inverter, DC-DC converter,
maximum power point (MPPT) tracking system, batteries, and solar panels [25-27]. There are quite a
few MPPT tracking techniques, including basic methods and optimized methods [28-30]. Fig. 1
depicts a photovoltaic (PV) system utilized and installed on a flat rooftop.

Fig. 1. PV installation design
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The system is made up of six rows of solar modules, each with eight modules connected in series.
The initial stage in the design process is to select an appropriate solar panel. In this research, a module
of 96 cells in series was used. The size and the angle of the roof should be considered for choosing a
suitable module. Table 1 lists the PV modules utilized in this experiment. According to the table, each
module weighs 23.23 kg, the system's efficiency is 17.87 percent, and the tilt angle is 32.6 degrees,
which is precisely the same as Isfahan's latitude angle.

Table 1. Utilized PV module

Cells in series 96 Latitude Isfahan 32.6°
Output DC power 250 W Tilt angle 32.6°

1 (SC) 6.25 A Longitude 51.68 °
| (MPP) 591 A Weight 23.23 kg
V (MPP) 42.3V Modules 48
V(OC) 485V Efficiency 17.87 %

3. Multiple linear regression

The construction of multiple dependent and independent variables using weather sample data is
referred to as multiple linear regression [15]. The theory and approach, which is a mature and
quantifiable analysis method, is to investigate the relationship between a certain dependent variable
and two or more independent variables [12, 31, 32]. The above construction of the characteristic
engineering necessitates as many prediction points within a given interval as possible in order to
predict humidity, dust, rainfall, and temperature using the multiple linear regression equation, which
not only increases the accuracy of the temperature prediction trend but also increases the precision of
the predicted contact temperature [33-35]. MLR (multiple linear regression) is a statistical method for
predicting the result of a response variable by integrating a number of explanatory variables such as
temperature, humidity, rainfall, and wind speed [36]. The technique of multiple linear regression
(MLR) is used to model the relationship between explanatory and response variables [37]. Using MLR
is necessary due to the high cost of installing a solar system such as the proposed system. Also,
needless to mention that for feeding electric vehicles with a solar energy system, the efficiency of the
solar system is so significant [38-40].

4. Results and Discussion

In this system, system advisor model software was utilized to simulate the power system.
Temperature, of course, has a substantial impact on the output power of a PV system. The ambient
and cell temperatures are shown in Fig. 2.

oct

Fig. 2. Ambient temperature vs. cell temperature
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Summer months have the highest cell temperature, as seen in Fig. 2. Furthermore, the highest cell
temperature occurs throughout the summer months. Fig. 3 depicts a house's typical annual electricity
use in Isfahan based on SAM. The use of air conditioners and other cooling equipment during the

summer months increases the usage of electricity in the summer. The needed load for a house in
Isfahan is shown in Fig. 3.
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Fig. 3. The required energy for a house

Fig. 4 also shows daily and monthly generated energy. Due to increased daytime hours, the
monthly energy output is higher during the summer months.

Monthly Net Electricity to Grid in Year 1
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Fig. 4. Monthly and daily generated power

Furthermore, solar electricity created each day follows a regular distribution, increasing in the
morning and decreasing in the afternoon. Fig. 5 shows the normal distribution of generated power in
each month of the year. Fig. 6 shows that the electricity generation exceeds consumption throughout
the course of the year. As a result, the owner does not have to pay for utilities and might instead be
reimbursed by power companies. The final techno-economic analysis can be seen in Table 2.

Table 2. Techno economic analysis

Annual energy(kWh) 17784 DC capacity factor 16.9 %
Levelized COE (nominal) 8.85 cent/kWh  Levelized COE (real) 8.85 cent/kwWh
Electricity bill with the system $0 Electricity bills without the system $1514
Simple payback period 14.7 years Net capital cost $32658
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Fig. 6. Monthly generated power versus energy consumption

Fig. 6 shows the monthly energy use vs. the required load for a house in Isfahan. The system's
power bill is $0 with the proposed system, as shown in the chart. The overall energy output for the
year is 17784 kWh. In addition, the system's purchase and installation cost $32658, which will be
returned in about 14 years. In addition, multiple linear regression is used in this work to forecast the
system's output power. The actual and expected electricity output for the following year is depicted
in Fig. 7. For forecasting weather data, a variety of regression models have been employed. In this
research, however, multiple linear regression is used, with a prediction error of around 6% per 12
kWh. Table 3 shows the errors in some regression models and the proposed model.
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Fig. 7. The predicted and actual generated power

Table 3. Error in regression models

Model name Error per 12 kWh
Logarithmic regression model 13 %
Simple linear regression 6.4 %
Proposed multiple linear regression 6 %

5. Conclusion

This research presents a rooftop solar PV system with 12-kW output power. Using the proposed
multiple linear regression, the output power for the full year in the future was forecasted. The expected
model, which is based on machine learning and multiple linear regression findings, has a 6% error
rate per each 12-kWh output power. Furthermore, using the suggested PV system saves money while
also helping the environment by eliminating a large number of hazardous gasses from the atmosphere.
Future research will focus on comparing different regression models in order to obtain the lowest
possible error for forecasting weather data and output power.
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