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ABSTRACT

Renewable energy production is urgently needed to sustain all sorts of life generations
walking on this planet. This research designed an 18 kWh per day of grid-connected solar
energy production with a backup system battery for self-consumption. The design is
proposed in the Southeastern part of the Philippines (Eastern Mindanao), particularly a
part with Type Il Climate at a 10-degree tilt angle and zero degrees relative to the
Azimuth. It is arranged in two strings of eight 360 Watts monocrystalline-silicon modules,
two 3.6 kVA inverters, six parallel 54 Ampere-hour battery systems, and two 30 ampere
capacity charge controllers. It was then simulated in the computer software PVSyst
7.2.12, resulting in a monthly average performance ratio of 0.811, which is relatively high
relative to other designs and locations. Furthermore, 94.0 tons of carbon dioxide with a
present value equal to Php 157,666.2 are prevented by the designed system for 252.074
megawatts-hours in its 30 years of power production. The designed system has an
estimated 18.05% internal rate of return with a total social cost of carbon value of Php
236,501 of the 31m? panel area.

Cloudy Skies

1. Introduction

Improved access to energy services is one of the primary
stages toward achieving this Millennium Development Goals,
according to literature, experience, and anecdotal evidence [1]. The
capacity of a sustainable energy system to supply necessary services
without depleting resources is vital for communities. Countries
across the globe are now exploring all possible means for
improvements in harnessing renewable energy. This is due to the
Paris Agreement's climate objectives. The overall percentage of
renewable energy must climb from roughly 15% of total primary
energy output in 2015 to around two-thirds by 2050 [2].

The sun contributes significantly to our energy needs, and its
availability greatly outweighs future energy demands [3]. Solar
energy is widely considered a sustainable and readily available
energy source in a region's rapid urbanization. Studies have found
[4] that the advancement in power electronics technologies and the
steadily declining costs of photovoltaic electricity generation make
it more popular.

People in the southeastern part of the Philippines,
particularly those areas with Type Il climate,” aspire to contribute to
the goal of 100% fossil-free energy through photovoltaic solar
energy [1]. Though situated near the equator, its cloudy skies
attributed to this type of climate are also expected to limit solar
energy harvesting [5, 6]. Nonetheless, existing research on this field
[7, 8] has not yet explored both the Panel Generation Factor (pgf)

* When there is no dry season at all throughout the year, and a significant rainy
season from November to February, the climate is classified as Type II.

and the Peak Sun Hours (PSH) as the comparative basis in the
designing process of a PV system, more particularly on this part of
the country.

This research has simulated a grid-connected self-
consumption photovoltaic solar power system in the context of a
Climate 2 area in the country's southeastern part. It specifically
provided the desired load for the PV system, selected specifications
for a PV module, and designed its system configuration, including
the number of modules appropriate for the load. The determination
of the inverter size and the battery banks was also included. This
technical evaluation was made through the system's performance
ratio and the project's lifetime contribution to reducing carbon
dioxide.

The usage of photovoltaic (PV) systems is well recognized for
helping to conserve the environment, create lower levels of
greenhouse gases (GHGs), and minimize global warming; vyet,
whether it is economically advantageous for consumers is a heated
topic [9]. However, the Philippine government aimed to promote
green energy sources through financial incentives with
environmental goals like carbon levies, cap-and-trade schemes, and
others [1]. Thus, this study also proposed the inclusion of
environmental economics by determining prevented expenses
caused by carbon footprints if this energy were to be produced by
fossil fuel-based energy generation [10].
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2. Method detail

The methodology involves the combined analysis starting
with theoretical calculation results, which became the basis of PV
system sizing specifications. These specifications were then inputted
in the trial version of computer software (PVSyst 7.2) simulation [11,
12, 13] where the system’s performance ratio along with its
contribution to carbon dioxide reduction was determined [14, 15].

2.1 Load Analysis

The first method employs quantitative methods composed
of a series of calculations necessary to determine the specifications
of the on-grid solar PV design. The process will have to start with the
load analysis [16], which determines which load demand and profile
are vital [17]. Along with other facilities, the kilowatt-hours per day
of operational use III was given by

=Y, PT; [kWh] (1)

where P; are the specific individual load rating of every
power-consuming equipment/appliance in watts, and T; is the time
that load is used per day in hours, from 1 to n, for different power-
consuming devices [18].

2.2 Solar Irradiance and Related Parameters

The calculation of solar panel size relies upon details of the
solar path®, PV tilt angle, Azimuth?*, solar irradiance$, peak hours per
day™* through the Global Solar Atlas website [19], clearness index'",
and other associated parameters [17]. The source of these data was
determined through a paid Android mobile app called SolarCalc Pro
and was compared from a free online resource [19] and a computer
desktop application, PVSyst. Location coordinates (see Fig. 1) and
historical meteorological data using the NASA SSE Satelite 1983-
2005 database from PVSyst 7.2.12 [15] are important initial data in
the process of the design. The location was selected in North Eastern
Mindanao State University — Bislig City Campus, which is an area
within type Il climate.

[
L ¥ o M/ 2

Fig. 1 Location of the proposed solar power project [53].

" The daily and seasonal arc-like route that the Sun seems to follow across the sky as the
Earth rotates and circles the Sun. The Sun’s path influences the duration of daytime and
amount of daylight received along a particular latitude during a given season.

* The angular distance of an object from the local North, measured along the horizon.

8 The energy per unit area received by the earth from the Sun's electromagnetic
radiation.

" It is when the sun is at its highest point in the sky with which provides direct angle to
the panels.
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The sun chart was initially used to analyze shading
obstructions that may hinder optimal energy production [20, 21].
The solar generator area of most PV systems employs not just direct
solar energy but the entire global radiation (the sum of direct and
diffuse solar radiation) [5, 6, 20]. Furthermore, it should be noted
that the ambient temperature adversely affects the open-circuit
voltage of a solar PV system [11, 14, 22].

2.3 Orientation

Nonetheless, the tilt angle and the azimuth orientation of
the PV would affect the Transposition Factor (FT) and loss
concerning optimum (loss/opt), thus affecting the system's overall
performance [15, 23]. Initial simulation was made using the fixed-
titled plane to determine the maximum Transposition Factor (FT)*
with the least loss/opt.

2.4 PV Module Sizing

The initial step in determining the sizes of PV modules is to
find the total power of the PV panels (initially PV,,,e.), which
hinged on two contending equations. The first method is to
determine the site's irradiance character through the panel
generation factor (pgf). However, there are also competing
equations about what pgf should be [24-26]. In this research, it was
given by the equation [13]

__Daily Solar Irradiance of the Location

pgf (2)

Irradiance at STC

Thus, the desired total power of the PV panels required was
found through

1
PVpower = P9f * SLCF  [kWp] (3)

where SLCF is the system loss compensation factor equal to
1.2 (range: 1.1 -1.3) [27, 28].

The other way of finding the total power of the PV panels
(PVpower) was done through the use of Peak-Sun-Hours (PSH)§§
kWp

KWh
[Tay] [6, 19, 23] which was found in data repositories like the

SolarGIS Map of the World Bank Group [5, 16] and others. The
PVpower €quation was given by

PVyower = o= * SLCF [kWp] (@

Through comparison, taking the lower value between pgf
and PSH was reasonable considering the Type Il Climate due to
frequent cloudy skies, which affect energy harvesting [5, 6]. The
higher values on equations 3 and 4 were considered in the design.

Suppliers’ catalog or from PVSyst 7.2.12 database was used
to determine the desired PV module specifications accounting for its

* Clearness index is higher value when the sky and atmosphere are clear while it is lower
with cloudy skies or bad weather which is a function of meteorological data pattern.

# The ratio of horizontal irradiation (Globinc) over incidence irradiation (Globlinc) on the
plane (GlobHor). This is the amount of gain or loss that occurs when the collector plane
is tilted, and it can be expressed in hourly, daily, monthly, or annual values.

8 The period when the solar system received the maximum amount of solar irradiation
at 1 kW/m2 [6].
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peak power output Pnom™" in Wp, open-circuit voltage (Pvoc) in
volts, short circuit current (Isc) in amperes, and voltage at peak
power output (Vmpp) in volts.

Thus, the number of modules required (NMR) is given by the
equation

PV,
NMR = —B2wer (5)
Pnom
Any fractional element of the NMR result is leveled up to the
next largest whole number, thus becoming the actual number of
modules required (NMRgctuar) ) [20].

2.5 Inverter Sizing

The process may be iterative, starting with an initial
selection, appropriate conformity, and compatibility with the one-
phase 220 V 60-hz frequency ™ ™#* [29]. The size of the grid-tied
inverters$® was determined with an input rating of 30% from the
range between 0% to 30% [13, 27] larger than the total wattage peak
requirement of the total load. The inverter size was determined
through

_ 13 PVpower
Ninv =

[kW] (6)

Ninv

where 7y, is the efficiency of the inverter (range: 90% -
98%) [27] from selections in catalogs. The nominal voltage of the
inverter and the battery must be the same.

In a PV connection, the capacity provided to withstand surge
**** [24] is expressed in

current
Iscpy < 1NV, (7)
where [inv,,,, is the rated maximum current input in the inverter.

Also,

Voutpy srray series = Pvoc * NMR [Volts]  (8)

where Voutpy srray series is the total voltage output to be supplied
by the PV array in series configuration. This must satisfy the
condition

Voutpy Array Series < Vinvmaxmpp (9)

where Vinvpaympp is the rated maximum power point voltage of
the inverter.

2.6 Battery Sizing

The classification of short-term storage for a few hours or
days to cover times of bad weather is the most appropriate type
batteries in the system. Parameters in deciding battery size that
must be accounted for [30, 31] are the battery efficiency (f) (range:
83 to 97%) [17, 20, 28], depth of discharge () equal to 70% (range
between 30% to 80%) [20, 22, 28, 32, ], nominal battery voltage (y),

e

The rated power (or nominal power) of the solar module, expressed in Watt-Peak
(Wp), is its capability under Standard Test Condition (STC)*** to generate module's
peak output under ideal conditions [20, 28].

** Much of the rest of the globe uses 220-240 VAC, with the Philippines using 60 hertz
rather than 50.

*#* Single-phase electricity is often used in residential houses, whereas three-phase
power is typically used in commercial and industrial establishments.
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and the designed number of days of autonomy (/7) which is equal to
1 day (24 hours). Thus, Battery Capacity (y) is given by the equation:

i

X =g [AR]

(10)

It was noted that the system would work better, and the
battery life would be extended if additional PV modules were
installed [30].

The Number of Batteries, NB is given by

NB =X
BCap

(11)

where BCap is the Battery Capacity of the selected unit to be
used in the assembly.

2.7 Charge Controller Sizing

The capacity of a solar charge controller'™"[23, 31, 33] is
generally rated in Amperage and Voltage. Though this device is
mostly part of the inverter nowadays, the solar charge controller
must be best suited to the design from catalogs that match the
voltage of your PV array and batteries. Pulse Width Modulation
(PWM) and Maximum Power Point Tracking (MPPT) are the two
available technologies. The researcher chooses the latter because it
is more efficient than the first [21, 32, 34]. It is vital to ascertain that
the solar charge controller has sufficient capacity to manage the
current generated by the PV array [23, 31, 33]. The controller size
for a series charge controller is determined by the total PV input
current given to the controller and the PV panel layout (series or
parallel configuration).

As part of standard practice in sizing solar charge controllers,
the short circuit current (Isc) of the PV array was multiplied by 1.3
(range: 1.25 —1.3) [24, 27]. Thus, have to satisfy the equation

I.. = 1.3 x I, [Amperes] (12)

2.8 Simulation

A professional simulation program was then run with
theoretical calculations inputs to get an accurate yield forecast at
the specified location. This applied the PVSyst (7.2.12), which was
reliable with real-time studies to analyze on-grid and off-grid
systems. Additionally, it provides comprehensive meteorological
information and other tools for investigating PV systems [13, 14, 35].
The simulation started by defining the project, particularly selecting
a geographic location and meteorology, followed by defining plane
orientation (important shading and tilt are important). Next is the
entry of the theoretically calculated system specifications,
particularly the inverters, PV modules, load power, and others.

The system is grid-tied PV with backup battery storage [36],
and self-consumption energy management has been initiated in the
simulation analysis since it is an attractive potential worth driver for
rooftop PV in the future [37-39]. The main aim was to consume its
PV-produced energy while minimizing the grid power in the system.

858 Converts the DC output of PV panels into a clean AC current that may be used in AC
equipment or returned to the grid.

"™ The currents that raise or fall from the normal rated value in the short duration of
time when first turned on.

1t Regulates the voltage and current going to the battery from the PV panels, prevents
battery discharge at night through the solar modules, and preventing battery
overcharging and extending battery life.
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The output includes system production (kWh/yr), specific
production (kWh/kWp/yr)¥***  performance ratio$%%, normalized
production (kWh/kWp/yr)™*™***, array losses (kWh/kWp/yr), system
losses (kWh/kWp/yr)"™*™ and carbon footprint™* [11, 14, 15, 35,
40]. Adjustments to the number of PV arrays were made for
optimization.

One very important consideration in the findings is the
system's performance ratio (PR), which is defined as the relationship
between the system's energy production and radiation incidents in
the specified area. From the perspective of the region or country, a
statistical energy production and performance ratio (PR)
comparison is the most reliable option to compare the quality of the
mounted PV systems [40, 41]. This permits the discovery of
operational problems and facilitates system evaluation. The
simulation was run by equation

Final System Yield
PR = z

Reference Yield (13)

Releases of green-house gases such as carbon dioxide, sulfur
oxide, and nitrogen oxide resulting from the combustion of
conventional power generating facilities are the major causes of
climate change. PVSyst 7.2.12 highlighted only the reduction of
carbon dioxide in its simulation. The calculation of Carbon Dioxide
reduction of the PV system in the simulation was based on the
standard of the International Energy Agency %%, of which the
Philippines is a member. It has 480 grams of CO, per kilowatt-hour
of energy production [42].

2.9 Economics

An economic assessment of the system was carried out
based on the established parameters, system specifications, and
simulation output. The computer calculation of the internal rate of
return (IRR), payback period, and return on investment (ROI) was
derived from starting expenses, annual operating and maintenance
costs, tariffs, and levelized cost of electricity. This was cautiously
made because of the increased rate of technology innovation
resulting in the increasing availability of load control devices and
high variability of technology costs [17, 36], and others which could
produce untimely pricing results due to increased price dynamics
[43]. The present price of electricity delivered by the local electric
cooperative service provider is approximately Php 12.35 per kWh.
The feed-in tariff of solar energy production in the Philippines is Php
9.69 per kWh while for net metering ranges from Php 4 to Php 10
per kWh [1]. Moreover, an environmental economic procedure of
valuing the project’s lifetime reduced carbon dioxide emission was
made by initially multiplying it by the prevailing median social cost
of carbon, $30 per ton [44], at a discounting rate of 2.5% [45] and
summing these values.

3. Results and Discussion

For illustration purposes, part of the PV application in this
research is to provide an AC pump that conveys water into the
upper-level tank equal to 1.2 kilowatts. The design was also to

*## The array's nominal power divided by the generated energy (Pnom at STC). This is
a measure of the system's potential, taking into consideration irradiance
circumstances (orientation, site location, meteorological conditions).

8588 |t is the ratio of the system's energy production to the radiation incident on a
specific region. It gives you information about the solar system's energy efficiency and
dependability.

***** The nominal power is to be divided on the energy output values — thus, the
energy production of a 1 kW, unit. This shows losses including collection loss, and
system loss on top of produced useful energy in a graph.
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provide energy that could be part of the power supply of a building,
thus allowing it to produce 3 kW. On the day of operation, with
conservative consideration of other uses, it was decided that the
alternative energy source supplement at least 18 kWh per day.

3.1 Solar Irradiance and Related Parameters

The PVSyst initial simulation results depict the typical Sun
Paths in a tropical region like the Philippines (see Fig. 2°"**"). The
graph explained the various positions of the sun in azimuth and
height positions (both in degrees) with respect to specific dates of
different months and legal times. The maximum sun height would
register on April 20 and August 23, approaching between 85° and
87° around 11:30 AM. On the flip side, the lowest sun height would
register on December 22 at around 55°, around 11:30 AM. This also
shows the sun orientation shifts of an observer facing North
(azimuth=0°) that sun is in fronting their eyes half span of the year
(azimuth values ranging from +67° to +113°) while the other half will
be at hindsight (azimuth values ranging from -67° to -113°).

Horizon line drawing - Legal Time
Fixed plane, Tilts/azimuths: 10°7 0°

60

Sm uight [

2:22 May and 22 July
3: 20 Apr and 23 Aug
4:20 Mar and 23 Sep
521 Feb and 23 Oct
6:19 Jan and 22 Nov.

o L L L L L
S180 150 120 ET) 60 30

Fig. 2 Sun path.

Based on NASA -SSE data 1983-2005, Fig. 37" shows the
clearness index (y-axis) with respect to the sun height (x-axis), which
stabilizes at 30° and in reference to Figure 2 is at 7:30 AM to 4:30
PM. The minimum and maximum clearness indices (the portion of
radiation at the top of the atmosphere that makes it to Earth's
surface available for energy conversion) ranged from 0.03 to 0.9,
respectively. Solar irradiance was based on the time series
extrapolation, which integrates the weather analysis.

Fig. 3 Clearness index.

1 This loss happens in the inverter system and among other electrical elements
utilized for grid integration.

1 |t s the total of all CO, (carbon dioxide) emissions caused by energy production
over a certain time period (typically one year).

85885 The International Energy Agency designs policies to help the world accomplish
climate, energy access, and air quality goals while focusing on energy dependability and
affordability for all.

***** Source: PVSyst 7.2

T Source: Ibid.
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3.2 Orientation

There is no shading, and at a tilt angle of 10°, the sun will only
have an unfavorable spot to generate power at 5:30 AM and pm in
the months of April, May, June, July, and August. Also, optimization
occurs at this chosen tilt angle, giving TF equal to 1.01, with no losses
with respect to optimum, and indicates global on collector plane
equal to 1996 kWh/m? (see Fig. 4*####¥),

Field type [Fixed Tilted Plane

e Tile 100 Azimuth 0

st East

Sauth

Flane it [10.0

Azmuth 0.0

- e @ @

Quick optimization

Optimizaton with respect to o
® vearly rradaton yield
Summer (Apr-Sen) . . —
‘ winter (Oct-var) ‘ Yeur
1 - -
Yearly meteo vield
Transposition Factor FT 101 1 oo 1
Loss with respect o optimum 0.0% . L
Glabai on collector plane 1996 kWh/m* " w0 %0 go o o %

Fig. 4 PV orientation.
3.3 Location and Irradiation

Fig. 5%%%%%% provides the Global Horizontal Irradiation (GHI), in
which December has the least while August has the maximum. The
average GHI is equal to 4.84 kWh/m?/day and, based on equation
(1), gives a PGF equal to 4.84, which could be used in equation 2.

Site NEMSU - Bislig City  (Philippines)

Data source [NASA-SSE satelite data 1983-2005

Global Horzontal Temperature

horizontal Aiffuse

irradiation radiation

kwh/m?/day kwh/m2/day c
Jaruary 585 187 5o
February 4.30 2.06 |2s.0
March 4.95 2.22 [2s.3
Apei 5.59 2.23 |59
May 5.52 2.12 [2s.2
June 5.01 214 [2s.2
3uby 515 215 s
August 5.3% 221 1
September 5.40 .17 ) [2s.2
October 491 2.06 [2s9
November 527 191 s
December Se= Tot Bs2
Year ) asa 208 257

Fig. 5 Global Horizontal Irradiation (GHI).

However, Fig. 6 shows that the proposed location ranged
from 3.8 to 4.2 Peak Sun Hours™"****, With our initial consideration
that using a lesser value would provide a more reliable system, Peak
Sun Hours equal to 4.0 was implemented.

F @& A i
b Bustuan
1 -
¥ >
Sy
o h
Deoqaets > t
3 7 “Cagayan de o o
8 - b
ey ] ~“Tligan . i £
& \ Maiayhatey

Lang torm average of daily/yearly sum, peried SO0 7-20n
E 3.5 3

Dally sum
A
¥ orly 1wen 1241 T T 1|B34 1680 -

Fig. 6 Peak sun hours of Bislig city." """

HHH Source: Ibid.

588885 Source: lbid.

****** The period when the solar system received the maximum amount of solar
irradiation at 1kw/m? [6].
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3.4 PV Module Sizing

Calculations through equation 4 led to a Watt-peak rating
equal to 5.4 kWp. Selecting the PV Module AE 350M6-72 as the
desired PV Panel, which provided details presented below in Fig.
7HHHE Calculations in the Number of Modules Required (NMR)
from equation 5 give us 15 modules. An additional one (1) module
was made, thus doing 16 modules in anticipation of the area's
fluctuating weather system. These arrays would occupy an area of
31 m2.

Basic data | Sizes and Technology  Model parameters  Additional Data  Commercial  Graphs

Model (A€ 360M6-72 (1500) Manufacturer [AE Solar

File name AE_Solar_360M6_72_1500.PAN Data source [Manufacturer 2020

(7] Original Psyst database Prod. Since 2020
wom.Power  [30.0 |wp Tol.-/+ 00 |[14] %
(atsTC)
Technology Simono ]
or other —Model ¥
. o &P || Main parameters
Reference conditions GRef [1000 | Wym TRef [25 C e so0n
Short-circut current Ic [o.620 | A Open circuit Voc [47.38 | V Reh(G=0) 25000
Max Power Point Impp [o.100 | A vmpp [39.55 | v R serie model 0280
Temperature coefficent  mulsc [4.8 | mA/°C Nbcells [72 | in series | | *seriemax 028
R serie apparent o460
or mulsc [0.050 | %/°C Model
—Internal model result took Gamma 0.945
Toref 0.02na
Operating condtions Goper [1000 | & wy/m? Toper [25 % ¢ @ || e -151 mv/°C
Max Power Point pmop 359.9 W @ Temper. coeff. 037 %/°c| | MM fred 038 /¢
Current Impp  9.15 A Votage vmpp 394 v
Short-circut current Lo 0.62 A Open crcuit Voo~ 47.4 Y/
Efficiency [ Celsarea 20.34 % [ Module area 18.55 %
Basicdata Sizes and Technology = Model parameters  Additional Data  Commercial  Graphs
. Maxis Array Volt:
Description - 9
o AE Solar, AE 360M6-72 (1500) Absolute maximum voltage of the Array in any
Mrdle lle conditions (i.e. Voc at lowest possible ambient
temperature).
Length 1956 | mm | | In series 72 Maximum vokage IEC 1500 | V
width 992 | mm | | In parallel 1 Maximum vokage UL (US) A | v
Thickness 40.0 | mm | | Celarea 245.7 | cm®
—By-pass protection diodes————————————
Weight 21.00 | kg Total nb. cels 72 Nb. of submodules 3 | Jmodule
Modulearea  1.940 m* | | Celsarea 1.769 m? (i.e. functional by-pass diodes)

Definiion of Mocule's sizes s mandatory: it s sed for the determination of Submodule partition:

the "usual” effidency. @ Inlength Twin half cels
Cells areais facultative: if defined it allows for the definition of the efficency Inwidth shingled cell
atcell level,
Other
Module technology and specifities ———————————
Tile module

Frame: Aluminum

Structure: Standard Glass +Backsheet ‘CPV: Concentrating module

Bifacial module

Fig. 7 PV Specifications.
3.5 Inverter Sizing

Initially, through equation 6 and using the maximum
efficiency of approximately 98%, the inverter size was calculated to
be 7.163 kWac. Through PVSyst 7.2.14 and selecting Senergytec SE
3K6TL S1 with specifications shown in Fig. 8, the design made the
set-up of two (2) string inverters (3.6 kW capacity of each inverter)
with eight (8) PV panels each.

In satisfaction with the condition expressed in equation 7,
the Isc of the PV panel is 9.62 Amperes, which is lower compared to
the 10.3 Amperes of the Maximum Input Current capacity of the
inverters. Also, from equation 8, we have 379.04 Volts from the
eight (8) modules connected in series. This is lower than the
maximum MPP voltage capability of the selected inverter, which is
equal to 580V, thus satisfying equation 9.

Y Source: [19)
HEHE Soyrce: PVSyst 7.2
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Main parameters | Effidency curve  Additonal parameters  Output parameters  Sizes and Technology | Commercial data

Model SE KETL-51 Manufacturer [Senergytec

File name Senergytec_SE_3K6TL_SL.OND Data source [Manufactrer 2013

7] Original PVsyst database Prod. Since 2019
—Input side (DCPVfield)——— —Output side (ACgrid}——————————————————
requency
Minimum MPP Voltage 70 v @ Monophased =
0% 50 Hz
Min. Voltage for Phom 360 v Triphased
Biphased EeoHz
Maximum Input Current 10.3 A
Mominal MPP Voltage 360 v Grid voltage 530 v
Maximum MPP Voltage 580 v Nominal AC Power 3.60 Kva
Absolute max. PV Voltage 600 v Mmsimum AC Power St WA
Default Nominal AC . A
ominal AC curren .
Power Threshold 2000 |w O @ 2
Maximum AC current 7 | A
Contractual specifications, withaut . v
real physical meaning Require
b Maximum efficiency 97.80% L ? ]
Nominal PV Power 3.60 ki EURO efficiency 97.00%
Maximum PV Power .65 K Effidency defined for 3 voltages
Maximum PV Current 100 | A

Main parameters | Effidency curve | Additional parameters  Output parameters  Sizes and Technology ~ Commercial data
Description  Senergytec, SE 3K6TL-S1
—Input volta fil

@ Builds profile from given efficiendes
The efficency profile given here
is not input-voltage sensitive., Max. efficency 97-80 %
® EURO efficiency 5700 | % @
CEC effidency
—Display mod i
@ Efficency=f (P In) Show behaviour at [45 < @ w
Efficiency = f (P Out) and CosPhi= |1.00
Pout=f (P => Effective Phiom lmit 3.60 kw ©
120 T T T T
201+ -
P 4 s

2 P In (DC) [KW]
Fig. 8 Inverter specifications.
3.6 Battery Sizing

Battery specifications are provided in Fig. 9 with the help of
PVSyst 7.2.12. Equation 10 provided the Battery Capacity (x) set-up,
which was initially found to be 278.44 Ampere-hours given the
desired autonomy (/7) is about 12 hours or 0.5 days, 96% efficiency,
and with the nominal battery voltage (y) equal to 48.1 Volts. With
Capacity at C10 equal to 54 Ah and with equation 11, the Number of
Batteries (NB) equals 5.16 or 6 units.

Basic data | Detalled model parameters | Graphs  Sizes and Technology  Commercial data

Model lpce 102z Manufacturer [Panasonic

Fle name [Panasonic_DCB 1022 BTR. Data source [Datasheet 2017

Original Psyst database Prod. Since 2017

Technology [Lithium-ion, LCO ® Whoie battery Per clement
Category  [Rack-mount madule @
Behaviour at limits
Basic parameters. o

Charge Cut-off voltage 3 v
b of cels in Series/in parallel 13 (18 | e 234t

Discharge Cut-Off Voltage @0 v
Nominal voltage 81 v

Maximum charging current %0 |a
Capadity at C10 54.00 Ah

Maximum discharging current 080 | A
Internal resistance @ ref. temp. 7222 | e

Minimum charging temperature 50 c
Reference temperature o |

Minimum discharging temperature 10.0 L
Coulombic efficiency @ fso =

Full battery Indicators

Info : Rencrmalization to C10- Stored energy at DOD 85 | % 250 kwh

Datasheet Nominal Capacity 552 |ah Total stored energy (566 cycles) 1415 kwh
Defined for haraing rate of 5.00 Hours specific energy 125 whika
= »Corresp, C10 ace, 1o Peukert model 1007 Ah @) Spactflc waight @ kajorh

Fig. 9 Battery specifications.
3.7 Charge Controller Sizing

Given the short-circuit current of the selected PV module
specification is 9.62 Amperes, equation 12 gives 12.51 Amperes. The
Tristar TS MPPT 30-48V model from the Morning Star Manufacturer
was selected (see specifications in Fig. 10) since it can withstand up
to 30 Amperes while noting that voltage conformity with the battery
and the PV module equal to approximately 48 volts must be
satisfied. Since there are two parallel series PV modules, there is also
the need for two charge controllers.
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Manufacturer [Hormingstar

Fila nama TS _MPPT_30_%8V.RLT Data sourca

aatniton

Electrical characteristics-

Canv PV Out

m ] A
Device general features
Technology  [MPPT converter
|LED - Optianal 2300 w
Cantrol mode 23.0 mh
@ Batter 93.0 mA
Backun gen, control soct
Backup stfectmely used | @G
Battery control
Manages Lesd-Acd batteries
Manages Lithum batteriea
Battery Temperature compensation P
Tvee External zensor Default
Correction coefficient 5.0 mv/eC nd V® Switchpos,
Reference temperature 25 < Switchable 2nd voitage [0 v @

Fig. 10 Charge Controller Specifications.

3.8 Simulation Result
3.8.1 Production and Performance Ratio

The simulation study examined normalized productions
based on IEC standards [14], such as collection and system losses. It
produced useable energy per installed kWp/day (see Fig. 11).
Respectively, these values averaged 0.72, 0.21, and 3.97, all in
kWh/kWp/day. Energy supply depends on the weather pattern for a
specific location and time of the year [46].

Normalized productions (per imstaliod KWpl: Mamimal pawer 576 KNp

et by BB

] rm )

Fig. 11 Normalized production.

Thus, the Performance Ratio (PR) of the simulated system in
Fig. 12 below has an average of 0.811, which is within the great
values [47] and quite high innate to their locations [41, 48]. Only in
April will the value of this PR visibly vary from the rest, but it will still
fall within the normal values (range: 0.2 —0.9) [47, 49]. This could be
explained based on Table 1 that given the average value of 150.3 kWh/m2
of Global Horizontal Irradiance (GHI), which is relatively less
compared to other months adjacent to it, its reference ambient
temperature is high with respect to its GHI [49].

Performance Ratlo PR

I = permrnes mase (v v

]

Fig. 12 Average monthly performance ratio.
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3.8.2 Carbon Dioxide Reduction

Generally, carbon dioxide reduction measurements
comprise CO, emissions related to the acquisition of electricity from
the utility grid and the consummation of city gas for fuel cell and
afterburner processes [50]. The designed system prevents 94.0 tons
of carbon dioxide from generating 252.074 megawatts-hours (EGrid
x Project Lifetime) in its 30 years of power production (see Fig. 13).
Immediate use of photovoltaic solar energy production helps

resolve the challenges of lessening carbon dioxide production [51].

CO: Emission Balance
Total 9101C0.
Generated emissions Saved CO: Emission vs. Time
Total 1101 1€0=
Sourca: Datailes calculation from table baiow
Replaced Emissions 1 g T T
Total. 12101C0.
System production” 8402 47 KWhiyT a0l E
Grid Lilecysle Emissions: 480 GO
Source: EA List _ e g
Gountry: Phiippines g
Lifetime: 30 years i B i
Annyal gegradation 0% El
-1 5 B
I ! L L L
0 5 10 15 5 £
vear
System Lifecycle Emissions Details
Hem LCE Quantity Sublotal
[kgC0:]
Madhules 1713 kgCOKWR 576 kiwp 865
Suppons 320 kgCOZIKg 160 kg 512
nverters 317 kgCOunite 2.00 units 830

Fig. 13 Project’s lifetime saved Carbon Dioxide emissions.

3.8.3 Solar PV Energy Production Economics

The financial analysis simulation result is presented in Fig.
14. It was computed that its return on investment (ROI) was 54.8%,
its internal rate of return (IRR) was 18.05%, and it had a payback
period of 10.5 years. The environmental economic value of carbon
footprint reduction on the project’s lifetime energy generation is
94.0 tCO, multiplied by $30/tCO, and converted to Philippine Peso.
This was itemized and plotted in Fig. 15 based on the system’s yearly
production of 8,402.47 kWh, at an emission rate of 480 gCO2/kWh,
and a social discount rate of 2.5%, which summed to a value of Php
236,501 of the 31m? panel area. The net present value occupied is
Php 7,541.54/m? with Php 7,629.06/m? social cost of carbon value
saved. These results suggest that the area's solar energy production
project and the procedures for finding specifications are financially
appealing. A timely switch from non-renewable to renewable
sources is necessary for energy security, especially in natural
calamities and sustainable economic growth [52].

4. Conclusion

Renewable energy production is urgently needed to sustain
all sorts of life’s generations walking on this planet. This research
designed a grid-connected photovoltaic solar energy production
with a backup system battery for self-consumption. It is proposed
that the system would be evaluated in a location with Type Il Climate
in the Southeastern part of the Philippines at 10 degrees tilt angle
and zero degrees relative to the Azimuth. It was arranged in two
strings of eight 360 Watts monocrystalline-silicon modules, two 3.6
kVA inverters, six parallel 54 Ampere-hour battery systems, and two
30 ampere capacity charge controllers. It was then simulated in the
computer software PVSyst 7.2.12, resulting in a monthly average
performance ratio of 0.811, which is quite high relative to other
designs. Though frequent cloudy skies in the area hide away the sun,
the location is beneficial for photovoltaic solar energy production.
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Furthermore, 93.641 tons of carbon dioxide are prevented
by the designed system for the generation of 251.28 megawatts-
hours of power production in its 30-year lifetime. The designed
system has an estimated 18.05% internal rate of return with a total
social cost of carbon value of Php 236,501 of the 31m? panel area.
As a viable alternative energy source that addresses climate change
issues without compromising economic growth, renewable energy
production and consumption may be promoted with the same
simulated climate characteristics in South Asian countries.

Acknowledgements

| want to thank my wife, Hannah, and sons, Bezalel Anastacio
and Abijah Alejandro, for the inspiration. Furthermore, | would like
to thank everyone who encouraged me to conduct this research,
especially our supportive North Eastern Mindanao State University
officials.

~Installation costs (CAPEX)
Total instalabtion cost 426,900.00 PHP

Deprecable asset 231,500.00 PHP

~Financing
Owvr funds 426, 900,00 PP
Subsidies 0.00 PHP
Loans 0.00 PHP
Total 426,900.00 PHP
Expenses

Operabng costs(OPEX) 54,026.45 PHP [year

Loan annuities 0.00 PHP fysar
Total 64,026.45 PHP [year

LCOE 11.4980 PHP/kWh

Return on investment

hiet present value (NEV) 233,787.75 PHP

Internal rate of return (JRR) 18.05 %
Payback periad 10.5 years
Return on nvestment (ROD) 54.8 %

Fig. 14 Financial analysis simulation result.

£11,024

£11,000

#10,000

£9,000

£8,000

$7,000

Equivalent Value in Philippine Peso at Social
Discounting Rate Average to 2.5%

£6,000

#£5,000

0 5 10 15 20 25 30
Years

Fig. 15 Annual Social Cost of Carbon officials.



Journal of Renewable Energy and Smart Grid Technology, Vol. 19, No. 1, January-June 2024

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9l

(10]

[11]

(12]

(13]

(14]

Department of Energy, Philippines. Philippine Energy Plan
2020 - 2040,
https://www.doe.gov.ph/sites/default/files/pdf/pep/PEP
2022-2040 Final eCopy_20220819.pdf (2020).

Jafari, M., Malekjamshidi, Z., Zhu, J. and Khooban, M. H., A
novel predictive fuzzy logic-based energy management
system for grid-connected and off-grid operation of
residential smart microgrids. IEEE Journal of Emerging and
Selected Topics in Power Electronics. 8(2) (2020) 1391-1404,
doi: https://doi.org/10.1109/JESTPE.2018.2882509.

Guney, M. S. Solar power and application methods.
Renewable and Sustainable Energy Reviews. 57 (2016) 776—
785, doi: https://doi.org/10.1016/j.rser.2015.12.055.
Green, M. How did solar cells get so cheap?. Joule. 3(3)
(2019) 631-633, doi:
https://doi.org/10.1016/j.joule.2019.02.010.

Jiang, H., Gu, Y., Xie, Y., Yang, R. and Zhang, Y., Solar
irradiance capturing in cloudy sky days-a convolutional neural
network based image regression approach. /EEE Access. 8
(2020) 22235-22248, doi:
https://doi.org/10.1109/ACCESS.2020.2969549.

Kelly, N. A. and Gibson, T. L., Improved photovoltaic energy
output for cloudy conditions with a solar tracking system.
Solar Energy. 83(11) (2009) 2092-2102, doi:
https://doi.org/10.1016/j.solener.2009.08.009.

Addun, E. J. T., Aguilar, J. C. S., Aquino, J. M. Z., Bucad, J. C.
and Freneil R. P. Performance Assessment of 676.8 kW Grid-
Tied Solar Power Generating System at S&R San Fernando,
Pampanga. Iconic Research and Engineering Journals. 6(1)
(2022) 390-399.

Dellosa, J. and Palconit, E. V., Resource assessment of a
floating solar photovoltaic (fspv) system with artificial
intelligence applications in Lake Mainit, Philippines.
Engineering, Technology & Applied Science Research. 12(2)
(2022) 8410-8415, doi: https://doi.org/10.48084/etasr.4863.
Zeraatpisheh, M., Arababadi, R. and Pour, M. S., Economic
analysis for residential solar PV systems based on different
demand charge tariffs. Energies. 11(12) (2018) 3271, doi:
https://doi.org/10.3390/en11123271.

Steckel, J. C., Dorband, I. I., Montrone, L., Ward, H., Missbach,
L., Hafner, F., Jakob, M. and Renner, S., Distributional impacts
of carbon pricing in developing Asia. Nature Sustainability.
4(11) (2021) 1005-1014, doi:
https://doi.org/10.1038/s41893-021-00758-8.

Elsaraf, H., Khan, R. and Shervani, S., Design of a utility scale
solar farm in Saudi Arabia. Trends in Technical & Scientific
Research. 4(3) (2020) 91-107, doi:
https://doi.org/10.19080/ttsr.2020.04.555639.

Shirzad, S., Fazli, A., Zgham, W. and Fatemi, S. Design and
development of grid-connected solar pv power plant using
pvsyst. Academic Journal of Research and Scientific
Publishing. 5(52) (2023) 67-86,doi:
https://doi.org/10.52132/ajrsp.e.2023.52.3.

Innocent, W., lkoiwak, E. A. and Ameze, B.-A., Design and
simulation of an on-grid photovoltaic system. International
Journal of Engineering and Innovative Research. 3(1) (2021)
20-28, doi: https://doi.org/10.47933/ijeir.758978.

Kumar, N. M., Kumar, M. R., Rejoice, P. R. and Mathew, M.,
Performance analysis of 100 kWp grid connected Si-poly
photovoltaic system using PVsyst simulation tool. Energy
Procedia. 117 (2017) 180-189, doi:
https://doi.org/10.1016/j.egypro.2017.05.121.

38

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

Mufioz, Y., Orlando, V., Gustavo, P. and Jairo, V., Sizing and
study of the energy production of a grid-tied photovoltaic
system using pv syst software. Tecciencia. 12(22) (2016) 27—
32, doi: https://doi.org/10.18180/tecciencia.2017.22.4.
Sreenath, S., Sudhakar, K., Yusop, A. F., Solomin, E. and
Kirpichnikova, I. M., Solar PV energy system in Malaysian
airport: glare analysis, general design and performance
assessment. Energy Reports. 6 (2020) 698-712, doi:
https://doi.org/10.1016/j.egyr.2020.03.015.

Najafi Ashtiani, M., Toopshekan, A., Razi Astaraei, F., Yousefi,
H. and Maleki, A. Techno-economic analysis of a grid-
connected PV/battery system using the teaching-learning-
based optimization algorithm. Solar Energy, 203 (2020) 69—
82, doi: https://doi.org/10.1016/j.solener.2020.04.007.

Ali, W., Farooq, H., Rehman, A. U., Awais, Q., Jamil, M. and
Noman, A. Design considerations of stand-alone solar
photovoltaic systems. in 2018 International Conference on
Computing, Electronic and Electrical Engineering (ICE Cube).
(2019), 1-6, doi:
https://doi.org/10.1109/ICECUBE.2018.8610970.

The World Bank and the International Finance Corporation.
Global Solar Atlas,
<https://globalsolaratlas.info/map?c=8.215499,126.194282,1
1&5=8.262457,126.276855&m=site&pv=ground,180,7,1000>
(2022).

Haberlin, H. in Photovoltaics system design and practice,
Wiley & Sons, Ltd., (2012).

Zafar, M. H., Al-Shahrani, T., Khan, N. M., Mirza, A. F.,
Mansoor, M., Qadir, M. U., Khan, M. I. and Naqvi, R. A,,
Group teaching optimization algorithm based mppt control of
pv systems under partial shading and complex partial
shading. Electronics (Switzerland). 9(11) (2020) 1-24, doi:
https://doi.org/10.3390/electronics9111962.

Hlal, M. I., Ramachandaramurthy, V. K., Sarhan, A.,
Pouryekta, A. and Subramaniam, U., Optimum battery depth
of discharge for off-grid solar PV/battery system. Journal of
Energy Storage. 26(September) (2019) 100999, doi:
https://doi.org/10.1016/j.est.2019.100999.

McEvoy, A., Markvart, T. and Castaner, L. Practical handbook
of photovoltaics: fundamentals and applications. 2" edn,
Elsevier Science, 2011.

Adam, J. S. and Fashina, A. A., Design of a hybrid solar
photovoltaic system for Gollis University’s administrative
block, Somaliland. International Journal of Physical Research.
7(2) (2019) 37-47,doi:
https://doi.org/10.14419/ijpr.v7i2.28949.

Haque, N. M., Islam, A., Miah, S., Rashid, M. and Ray, S.,
Battery-less cost effective photo-voltaic ( pv ) smart grid
scheme of leading university , Bangladesh. Journal of Power
Electronics & Power Systems. 11(1) 8-19, doi:
https://doi.org/10.37591/JoPEPS.

Verma, J. K. and Dondapati, R. S., Techno-economic Sizing
Analysis of Solar PV System for Domestic Refrigerators.
Energy Procedia. 109 (2017) 286-292, doi:
https://doi.org/10.1016/j.egypro.2017.03.068.

El Shenawy, E. T., Hegazy, A. H. and Abdellatef, M., Design
and optimization of stand-alone PV system for Egyptian rural
communities. International Journal of Applied Engineering
Research. 12(20) (2017) 10433-10446, doi:
https://www.ripublication.com/ijaer17/ijaervi2n20_168.pdf.
Mertens, K. Photovoltaics fundamentals, technology and
practice. 15t edn, WILEY, 2014.


https://www.doe.gov.ph/sites/default/files/pdf/pep/PEP%202022-2040%20Final%20eCopy_20220819.pdf
https://www.doe.gov.ph/sites/default/files/pdf/pep/PEP%202022-2040%20Final%20eCopy_20220819.pdf
https://doi.org/10.1109/JESTPE.2018.2882509
https://doi.org/10.1016/j.solener.2009.08.009
https://doi.org/10.48084/etasr.4863
https://doi.org/10.1109/ICECUBE.2018.8610970
https://doi.org/10.14419/ijpr.v7i2.28949

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

[43]

Journal of Renewable Energy and Smart Grid Technology, Vol. 19, No. 1, January-June 2024

WorldStandards. Country-by-country list of plugs, sockets and
voltages, <https://www.worldstandards.eu/electricity/plug-
voltage-by-country/> (2024).

LEONICS CO., LTD. How to Design Solar PV System,
<https://www.leonics.com/support/article2_12j/articles2_12
j_en.php>(2021).

Smets, A., Jager, K., Isabella, O., Van Swaaij, R. and Zeman, M.
Solar Energy: The physics and engineering of photovoltaic
conversion, technologies and systems. 15t edn, Bloomsbury,
2016.

Boxwell, M, Solar Electricity Handbook. 2019 Edition,
Greenstream Publishing, 2019.

Rosser, D. Solar Power for Beginners: A DIY Guide to Using
Photovoltaic Solar Panels and More to Capture Energy for
Your Home and off the Grid for RVS, Vans, Boats, Cabins, and
Other Tiny Houses, Primasta, 2021.

Laguado-Serrano, M. A., Sepulveda-Mora, S. B., Luna-Paipa,
E. A. and Bustos-Marquez, L. F., Performance comparison
between PWM and MPPT charge controllers. Scientia et
Technica. 24(1) (2019) 6-11, doi:
https://doi.org/10.22517/23447214.20681.

Belmahdi, B. and El Bouardi, A., Solar potential assessment
using PVsyst software in the northern zone of Morocco.
Procedia Manufacturing. 46 (2019) 738-745, doi:
https://doi.org/10.1016/j.promfg.2020.03.104.

Miller, M., Viernstein, L., Nam, C., Eiting, A., Hesse, H. C.,
Witzmann, R. and Jossen, A, Evaluation of grid-level
adaptability for stationary battery energy storage system
applications in Europe. Journal of Energy Storage. 9 (2017) 1-
11, doi: https://doi.org/10.1016/j.est.2016.11.005.

Li, Y., Gao, W. and Ruan, Y., Performance investigation of
grid-connected residential PV-battery system focusing on
enhancing self-consumption and peak shaving in Kyushu,
Japan. Renewable Energy. 127 (2018) 514-523, doi:
https://doi.org/10.1016/j.renene.2018.04.074.

Camilo, F. M., Castro, R., Almeida, M. E. and Pires, V. F.,
Economic assessment of residential PV systems with self-
consumption and storage in Portugal. Solar Energy. 150
(2017) 353-362, doi:
https://doi.org/10.1016/j.solener.2017.04.062.

Zhang, Y., Campana, P. E., Lundblad, A. and Yan, J.,
Comparative study of hydrogen storage and battery storage
in grid connected photovoltaic system : Storage sizing and
rule-based operation q. Applied Energy.
https://doi.org/10.1016/j.apenergy.2017.03.123

Dey, D. and Subudhi, B. , Design, simulation and economic
evaluation of 90 kW grid connected Photovoltaic system.
Energy Reports. 6 (2020) 1778-1787, doi:
https://doi.org/10.1016/j.egyr.2020.04.027.

AL-Rasheedi, M., Gueymard, C. A., Al-Khayat, M., Ismail, A.,
Lee, J. A. and Al-Duaj, H., Performance evaluation of a utility-
scale dual-technology photovoltaic power plant at the
Shagaya Renewable Energy Park in Kuwait. Renewable and
Sustainable Energy Reviews. 133 (2020) 110139, doi:
https://doi.org/10.1016/j.rser.2020.110139.

Levasseur, A., Mercier-Blais, S., Prairie, Y. T., Tremblay, A.,
and Turpin, C., Improving the accuracy of electricity carbon
footprint: Estimation of hydroelectric reservoir greenhouse
gas emissions. Renewable and Sustainable Energy Reviews.
136 (2020) 110433, doi:
https://doi.org/10.1016/j.rser.2020.110433.

Zhang, Y., Lundblad, A., Campana, P. E., Benavente, F. and
Yan, J., Battery sizing and rule-based operation of grid-
connected photovoltaic-battery system: A case study in
Sweden. Energy Conversion and Management. 133 (2017)
249-263, doi:
https://doi.org/10.1016/j.enconman.2016.11.060.

39

(44]

(45]

(46]

(47]

(48]

(49]

(50]

[51]

(52]

(53]

International Energy Agency. Fossil Fuel Subsidies in Clean
Energy Transitions: Time for a New Approach?: IEA, Paris, CC
BY 4.0, <https://www.iea.org/reports/fossil-fuel-subsidies-in-
clean-energy-transitions-time-for-a-new-approach> (2023).
Rennert, K., Kingdon, C., Rennels, L., Cooke, R., Raftery, A. E.,
Sevéikova, H., Sevéikova, S., Errickson, F., Prest, B. C., Pizer,
W. A., Newell, R. G. and Anthoff, D. The social cost of carbon:
advances in long-term probabilistic projections of population,
gdp, emissions, and discount rates. Brookings Papers on
Economic Activity. (2) (2021) 223-305,doi:
https://doi.org/10.1353/eca.2022.0003.

Wolff, B., Kiihnert, J., Lorenz, E., Kramer, O. and Heinemann,
D., Comparing support vector regression for PV power
forecasting to a physical modeling approach using
measurement, numerical weather prediction, and cloud
motion data. Solar Energy. 135 (2016) 197-208, doi:
https://doi.org/10.1016/j.solener.2016.05.051.

Dhimish, M.,Thermal impact on the performance ratio of
photovoltaic systems: A case study of 8000 photovoltaic
installations. Case Studies in Thermal Engineering. 21 (2020)
100693,doi: https://doi.org/10.1016/j.csite.2020.100693.
Mi, Z., Chen, J., Chen, N., Bai, Y., Wu, W., Fu, R. and Liu, H.,
Performance analysis of a grid-connected high concentrating
photovoltaic system under practical operation conditions.
Energies. 9(2) (2016) 1-12, doi:
https://doi.org/10.3390/en9020117.

Gulkowski, S. and Zdyb, A. Performance assessment of four
different photovoltaic technologies in Poland. Energies.
13(196) (2020) 1-17, doi:
https://doi.org/10.3390/en13010196.

Ren, H., Wu, Q., Gao, W. and Zhou, W. Optimal operation of a
grid-connected hybrid PV / fuel cell / battery energy system
for residential applications. Energy. 113 (2016) 702-712, doi:
https://doi.org/10.1016/j.energy.2016.07.091.

Allouhi, A., Solar PV integration in commercial buildings for
self-consumption based on life-cycle
economic/environmental multi-objective optimization.
Journal of Cleaner Production. 270 (2020) 122375, doi:
https://doi.org/10.1016/j.jclepro.2020.122375.

Destek, M. A. and Aslan, A., Renewable and non-renewable
energy consumption and economic growth in emerging
economies: Evidence from bootstrap panel causality.
Renewable Energy. 111 (2017) 757-763, doi:
https://doi.org/10.1016/j.renene.2017.05.008.

Google LLC. Map of Brgy. Maharlika, Bislig City, Surigao del
Sur, Philippines, <https://earth.google.com/> (2023).


https://doi.org/10.1016/j.promfg.2020.03.104
https://doi.org/10.1016/j.solener.2017.04.062
https://doi.org/10.1016/j.egyr.2020.04.027
https://doi.org/10.1016/j.enconman.2016.11.060
https://doi.org/10.1353/eca.2022.0003
https://doi.org/10.3390/en9020117
https://doi.org/10.1016/j.jclepro.2020.122375
https://doi.org/10.1016/j.renene.2017.05.008

