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Abstract: PV technology is one of the solar power applications which uses cells made of solar PV materials to convert sunlight into 
direct current electricity.  The benefits of implementing PV technologies include lowering overall electricity costs, defending against 
future increases in electrical power prices, helping to reduce environmental impacts, and achieving a good return on investment. The 
researchers conducted an assessment on the PV system installed in a pottery company located at Sto. Tomas, Pampanga to determine 
the type of solar panel and inverted used for the installation, its energy efficiency and the return of investment. The photovoltaic 
system used and installed in the company under investigation is a Canadian Solar CS3W-455MS (455W) Solar Panel and the inverter 
is Smart String Inverter wherein based on its technical specification, the maximum energy efficiency can reach 97.6%. The computed 
energy efficiency of the researchers based on the avarage peak sun hours of the Philippines is 90%. This means that the company 
can able to reduce their cost/expenses on electricity consumption because of PV system. Furthermore, the computed return of 
investment is 2.8661 years which is not a very long period for the company to return the money they have invested for the installation 
of their PV system. 
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I. INTRODUCTION 

In recent decades, the use of renewable energy sources has 
grown significantly because of the constant rise in the cost of 
fossil fuels and the growing concern about reducing 
environmental emissions from human activities (Waikar, 
2010). The guidelines provided by the most powerful 
international institutions, such as the United Nations and the 
World Bank, emphasize the need to mark a turning point in 
the current trend of energy source distribution in order to 
increase the incidence of renewable sources to close to 16% 
of global produced energy (United Nations Development 
Program, 2015; World Bank, 2011). 

 

 

 

 

 

 

 

 

The world's reliance on renewable energy sources has 
increased dramatically from 13.2 percent in 2012 to 22 
percent in 2013 in terms of electricity generation. It is 
expected to be at least 26% by 2020 (International Energy 
Agency, 2021). Explicitly, the World Energy and Climate 
Statistics has reported the total energy consumption of every 
continent of the world from 1990 to 2020 as shown in the 
figure below (Enerdata. 2021). 

 
Fig.1. Total Energy Consumption (1990-2020) 

The report also shows the breakdown of the energy resources 
used by different countries as shown on the figure below. The 
chart shows that 30% of energy resource comes from oil, 26% 
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from coal and 24% from gas (Enerdata, 2021). 

 
Fig.2. Breakdown of Energy Resources 

In order to be more specific, the industrial sector is at the 
forefront of global energy consumption, accounting for 
approximately 54 percent of total delivered energy and 
projected to increase by 1.2 percent annually on average 
(Conti et al., 2016). In 2014, fossil fuel energy consumption 
accounted for 80.8 percent of total energy consumption 
worldwide (The World Bank Data, 2018).  

In United States, the industrial sector accounted for 36% of 
total end-use energy consumption and 33% of total US energy 
consumption in 2020. The majority of industries obtain their 
electricity from electric utilities or independent power 
producers. Furthermore, some industrial facilities generate 
electricity for their own use by using purchased fuels and/or 
residues from their industrial processes. Manufacturing 
accounts for the majority of annual industrial energy 
consumption in the industrial sector, followed by mining, 
construction, and agriculture. Manufacturing is the 
transformation of materials or substances into new products 
through physical, mechanical, or chemical means (U.S. 
Energy Information Administration, 2021). 

In the Philippines, In 2019, the Philippines' total primary 
energy consumption was approximately 1.9 quadrillion 
British thermal units (Btu). Petroleum and other liquids 
accounted for 45 percent of total primary energy consumption, 
followed by coal (36%), natural gas (7%), non-hydropower 
renewables (7%), and hydroelectricity (4%) (U.S. Energy 
Information Administration, 2020). The industry sector, the 
third largest energy consumer after transportation and 
households, reported an energy demand level of 7.5 MTOE in  

2018, a 5.1 percent decrease from the previous year's level of 
7.9 MTOE. The manufacturing sub-sector accounted for 
92.7% of total energy demand, with energy-intensive 
industries accounting for 79.6% (Department of Enegry, 
2021).  

At present, strategic emerging industries such as the clean 
energy industry have grown rapidly as a result of policy 
dividends, but the front ends of these industrial chains are 
characterized by high energy consumption. One common 
example is the PV industry. Renewable energy is expected to 
dominate 30 percent of the global energy structure by 2030, 
with PV power generation accounting for more than 10% of 
total global electricity supply (De Castro, 2013). Thus, 
increasing the share of renewable energy in the industrial 
sector is perceived to provide environmental benefits, with a 
projected reduction in global carbon dioxide emissions of 
approximately 75% of their 1985 levels by 2050 (Kalogirou, 
2009).  

In this context, photovoltaic (PV) systems represent an 
excellent opportunity to meet the aforementioned targets, 
owing to the solar source's enormous theoretical potential of 
3.9 trillion PJ per year (Quaschning, 2005). Thus, PV 
technology can be used to generate sustainable and green 
energy. PV technology is one of the solar power applications 
which uses cells made of solar PV materials to convert 
sunlight into direct current electricity (Mekhilef et al., 2012). 
The benefits of implementing PV technologies include 
lowering overall electricity costs, defending against future 
increases in electrical power prices, helping to reduce 
environmental impacts, and achieving a good return on 
investment (Younis, 2019). 

Due to the fact that PV system, as one of the renewable energy 
sources, may possibly help the industry sector to reduce 
energy consumption coming from oil and coal and can able to 
use clean energy so as to reduce the negative effects on the 
environment as well as the the electricity costs they consume, 
this paper aims to assess the PV system installed in a pottery 
company in Pampanga. The researchers will determine the PV 
system, and efficiency of the installed PV panels in the said 
company. Furthermore, they will also determine the Return of 
Investment of this installed PV system. 

The researchers adopted the Input-Process-Output model by 
McGrath (1964) that will provide a clear description of the 
action required throughout the study.  Below figure shows the 
framework of the study: 
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Fig.3. Conceptual Framework of the Study 

The figure shown above illustrates the conceptual framework 
of the study. The researchers will identify the type of PV 
system installed and will determine its energy and efficiency. 
To achieve these, the researchers will conduct a walk through 
and preliminary survey on the plant. After the data collection, 
they will analyze the information and prepare the report. 
Subsequently, the researchers will present the final 
assessment report of the PV system installed in the pottery 
company being studied. 

This study will help manufacturing companies understand the 
importance of using renewable energy sources like 
photovoltaic systems to reduce energy consumption and costs, 
as well as the environmental issues that have arisen as a result 
of their reliance on oil, gas, and coal as their primary sources 
of energy. Furthermore, this study could be a reference or 
guide that provides valuable references as a foundation for 
those who will conduct research similar to this study. 

II. METHODOLOGY 

The researchers used quantitative research design. Quantative 
research design is the dominant research framework. It refers 
to a set of strategies, techniques, and assumptions used to 
investigate psychological, social, and economic processes by 
examining numerical patterns (UTA Libraries, 2022). 
Specifically, the researchers will use descriptive research 
design since the process of gathering their data is thru 
observation and interview. Descriptive research can be 
defined as a statement of current events in which the 
researcher has no control over the variables (Business 
Research Methodlogy, 2022). 

The study will take place in a pottery company in Pampanga. 
The researchers take a four-stage approach to conduct the 
assessment. 

1. Walk through and preliminary survey 

2. On-site Data collection 

3. Data Analysis 

Final report preparation and presentation 

During the walk-through/preliminary survey, the following 
activities will be carried out: 

1. Meeting/interview with relevant individuals 

2. Identify the photovoltaic system installed inside the 
plant 

3. Determination of critical points in assessing the 
energy consumption and economic cost of the PV 
system 

To organize and summarize data gathered from the study, the 
researchers will descriptive statistics. Descriptive statistics are 
used to provide and describe the summary of the data 
collected (Trochim, 2021). 

III. RESULTS AND DISCUSSION 

An energy assessment on the photovoltaic system of the 
pottery company that is being studied was carried 
comprehensively. The researchers were able to determine the 
type and specifications of the PV panel installed in the 
company, its energy efficiency, and the return of investment. 
The following are the summary of the technical findings for 
the company’s PV system installation. 

3.1 Type of Photovoltaic System Installed 

The type of photovoltaic system utilized and installed in the 
company that is being studied is a Canadian Solar CS3W-
455MS (455W) Solar Panel. Table 1 below shows its 
mechanical characteristics. 

Table.1. Mechanical Charateristics of the Solar Panel 

 



 INTERNATIONAL JOURNAL OF PROGRESSIVE RESEARCH IN SCIENCE AND ENGINEERING, VOL.3, NO.08, AUGUST 2022. 

  
ANGELO R. OCON, et.al.: AN ASSESSMENT OF PHOTOVOLTAIC SYSTEM INSTALLED AT A MANUFACTURING PLANT IN PAMPANGA 65 

 

Figure 4 below shows the inverter used to optimize the energy 
efficiency of the solar panels. The inverter used in installation  
is Smart String Inverter. Inverters are used to convert the 
output of a battery or solar panel to alternating current, which 
can then be connected to the grid or used by electric devices. 

 
Fig.4. Inverter of the Solar Panel 

Table 2 below shows the technical specification of the inverter 
of the solar panel. The maximum energy efficiency of this 
inverter is 97.6%. This means that the pottery company can 
able to save up energy and reduce the energy costs of its 
operation. 

Table.2. Technical Specifications of the Inverter of the Solar Panel 

 

 
3.2 Energy Efficiency of the Solar Panel System 

The researchers used the average peak sun hours to compute 
the energy efficiency of the solar panel system installed in the 
company they are being studied. Figure 4 below shows the 
average peak sun hours of the Philippines. 

 
Source: https://images.app.goo.gl/E2Fcz1nHQRjtyden9 

Fig.5. Average peak sun hours 

Table 3 below shows the computation for the energy 
efficiency of the solar panel system installed using the average 
peak sun hours. The computation shows that the energy 
efficiency of the solar panel system is 90% and can also reach 
the maximum efficiency of 97.6% based on the technical 
specifications of the inverted used for the installation of the 
PV system. 
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Table.3. Computed energy efficiency 

 
3.3 Return of Investment 

For the computation of the return of investment, the 
researchers requested for the sales invoice of the supplier of 
the pottery company where they have purchased the PV 
system to determine the initial investment which will be used 
for the computation of ROI. Based on the invoice, the initial 
investment of the pottery company for the purchase of PV 
system is 2,576,000php including inverter, solar panel, 
railings, PV and AC cable, mc4, electrical pipe, terminal lugs, 
epm, labor and engineering. 

To compute for the ROI, the researchers determined the 
following: 

PELCO III price per kWhr       

1kWhr = 10.8872php 

Inverter Installed 3 pcs, 20kW 

3 x 20kW = 60kW 

PV Panel Installed 112 pcs, 455W 

112 x 455W = 50.960kW 

Peak Sun Hours    

4.5-5 hours on an average day 

Energy Efficiency 90% 

Formula for average harvest per day: 

Average harvest = PV Panel x Peak Sun Hours x Efficiency 

Harvest/day = 50.960kW x 5 hours x .90 

         = 229.320kWhr 

PELCO III price per 1kWhr = 10.8872php 

Compute the product harvest (per kWhr per day) 

Harvest per day = 229.320kWhr 

Change the value of kWhr to 10.8872 php 

Therefore: 

Harvest per day = 10.88726php (229.320) 

    = 2,496.65php 

To get the savings per month, multiply the harvest per day 
by 30 days: 

 2,496.65php x 30 days = 74,899.58php 

To get the savings or harvest per year, multiply it by 12 
months: 

74,899.58php x 12 months = 898,794.96php 

To get the ROI, the researcher used the formula below: 

Return of Investment = Total Investment/Harvest Per Year 

Where: 

Total Investment = 2,576,000php 

Total Harvest Per Year = 898,794.96php 

ROI = 2,576,000/898,794.96 

ROI = 2.8661 years 

IV. DISCUSSION 

The researchers conducted an assessment on the PV system 
installed in a pottery company located at Sto. Tomas, 
Pampanga to determine the type of solar panel and inverted 
used for the installation, its energy efficiency and the return of 
investment. The photovoltaic system used and installed in the 
company under investigation is a Canadian Solar CS3W-
455MS (455W) Solar Panel and the inverter is Smart String 
Inverter wherein based on its technical specification, the 
maximum energy efficiency can reach 97.6%. The computed 
energy efficiency of the researchers based on the avarage peak 
sun hours of the Philippines is 90%. This means that the 
company can able to reduce their cost/expenses on electricity 
consumption because of PV system. Furthermore, the 
computed return of investment is 2,8661 years which is not a 
very long period for the company to return the money they 
have invested for the installation of their PV system. 

V. CONCLUSION AND RECOMMENDATION 

The researchers have concluded that utilization of 
photovoltaic systems represent an excellent opportunity to 
many industries as it can be used to generate sustainable and 
green energy. The benefits of the PV system is that it reduces 
overall electricity costs, protects against future increases in 
electrical power prices, aids in environmental impact 
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reduction, and provides a good return on investment. 

The findings of the study have implications on the importance 
of the photovoltaic system to industries. Despite the fact that 
the investment on the solar panels is somehow expensive, the 
important is that the long term benefits that they can able to 
acquire to this system is greater than its cost. That is why the 
researchers recommend to conduct an impact analysis on the 
PV system installed in the pottery company to determine the 
energy consumption and cost before and after the intallation 
of the said system. 
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