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Abstract— This The present investigation presents the analysis
and design of a photovoltaic plant to improve the electrical service
of the Anapia district belonging to the Yunguyo province, Puno
region, due to frequent failures in the underwater power section of
its primary network. The electricity market study was carried out
with which the maximum energy demand was determined. then we
proceeded to analyze the solar resource and design the photovoltaic
plant to cover the maximum demand. Finally, the calculations of
the magnitude of the electrical parameters were carried out,
obtaining a  maximum  demand of  440,309KWh/year
(1206.33KWh/day), at peak solar hour of 6.20h; The photovoltaic
plant will consist of 627 photovoltaic modules of 390Wp, to 175KV-
380/13.2KV step-up, 10 grid inverters of 25KW, 360 lithium-ion
batteries of 1.5KWh, transformer. In conclusion, the results
obtained lead to the solution of the problem.

Keywords-- Photovoltaic system, electrical system, irradiance,
Anapia, Yunguyo.

1. INTRODUCTION

At present the population of the insular district of Anapia
belonging to the province of Yunguyo, Puno region suffers
hardships due to power cuts electrical energy that is presented
in a frequent from years ago to the present; where the energy
reset time it lasts days, weeks and even months; this due to
deterioration of the underwater conductor of average voltage
installed in 2007. Currently electricity is supplied with
restrictions to public lighting by means of two groups
generators Therefore, those directly affected by the
unreliability of the electrical supply is the general population,
students, the sector health and other institutions that provide
services. In this context, it is evident the need of a reliable and
quality electrical service. By Therefore, the present project
will allow solving in a practical and concise way the problem
of electrical service in the insular district of Anapia,
harnessing the inexhaustible solar resource at scale human
resources to design a photovoltaic plant. He contribution that
is made with this project is the design of a photovoltaic plant
to inject energy electricity to the area network there are
13.2KV. For it is necessary to determine the maximum
demand for energy required by the Anapia district and with
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this will analyze and design the photovoltaic plant.

A. Electricity Market Study

The main objective of the market study electricity carried
out in the district of Anapia is that of quantify the projection
of demand for power and electrical energy [1], in a horizon of
20 years [2]. Considering the features of the localities that
comprise the district island of Anapia such as its geographical
location, socioeconomic activities, population, number
housing, population growth rate, etc.

B. Description of the Technology to be Employed

The technology used by the plant photovoltaic will be to
convert solar energy into electrical energy through modules
photovoltaics [3], [4].

When solar radiation hits the modules photovoltaics, this
is converted into electrical energy of direct current and after
that converts to alternating current for distribution, which is
achieved by grid inverters. For take advantage of the energy in
the electrical network is used of elevating distribution
substations tension [5], so that the energy is injected into the
primary network.

The energy storage system you need bi-directional
inverters that set the voltage and frequency parameters of the
network, so that if, for example, it is required to load the
battery bank and there is generation power available, take
advantage of this energy and store it in the battery banks,
making it available of the demand [6], [7].

If the energy accumulation is insufficient to meet demand,
automatically activates a generator set [8], to supply the
missing energy demand, while charges the battery bank; the
operation of generator set is conditioned until satisfies the
demand requirement and/or a desired charge level in the
battery bank.

II. MATERIALS AND METHODS

A. Place of study

This research was carried out at the Anapia Island, located
in the Puno region, Yunguyo province, Anapia island district.
With UTM coordinates 515511.00 m E, 8197421.00 m S, zone
19 K, with an altitude of 3856 m.s.n.m.

22" LACCEI International Multi-Conference for Engineering, Education, and Technology: Sustainable Engineering for a Diverse, Equitable, and Inclusive Future at the Service
of Education, Research, and Industry for a Society 5.0. Hybrid Event, San Jose — COSTA RICA, July 17 - 19, 2024. 1


https://orcid.org/orcid-search/search?searchQuery=0000-0003-1287-906X
https://orcid.org/0009-0005-5967-5015
https://orcid.org/0000-0002-5876-1764
https://orcid.org/0000-0003-3869-2148
https://orcid.org/0000-0003-2385-1820
https://orcid.org/0000-0003-0417-1045
https://orcid.org/0000-0001-6908-5741
mailto:huaynaing2020@gmail.com
mailto:a.lermac@unaj.edu.pe
mailto:wm.soncco@unaj.edu.pe
mailto:h.hurtado@unaj.edu.pe
https://orcid.org/orcid-search/search?searchQuery=0000-0003-1287-906X�
https://orcid.org/0009-0005-5967-5015�
https://orcid.org/0000-0002-5876-1764�
https://orcid.org/0000-0003-3869-2148�
https://orcid.org/0000-0003-2385-1820�
https://orcid.org/0000-0003-0417-1045�
https://orcid.org/0000-0001-6908-5741�

B.  Population

In this research, it has been study population energy
supply electric company of the Anapia district.
C. Sample

In this investigation, it has been study sample maximum
energy demand electric company of the Anapia district.
D. Methodological design

This research has a focus. quantitative, because it uses
data collection and numerical measurement [9]. It is
descriptive and non-experimental design.

E.  Data Collection

For the electricity market study, information on the
population and housing was sought from the database of the
National Institute of Statistics and Informatics (INEI)
identifying in the year 2022 the amount of 631 subscribers,
then the identification was made of the type of subscribers
through the work of field obtaining 602 domestic subscribers,
18 subscribers for general use and 11 subscribers for
commercial use with which the maximum demand in the year
2042.

Then we proceeded to analyze and design the plant
photovoltaic to cover the maximum demand, for this, the
available data was taken between the years 1984-2021 of the
solar resource and the years 1984-2021 of the solar resource
and the temperature available in the project area from the
database of the National Aeronautics and Space
Administration (NASA) obtaining direct irradiation of 6.20
KWh/m?/day and average minimum temperatures 2 meters
above the ground at -6.58°C, temperature average 7.64°C and
maximum temperature of 22.65°C.

III. RESULTS

A. Electricity Market Study

To determine the maximum demand, determined the
following:

*  Number and type of subscribers, see Table I.

»  Population growth rate.

»  Projection of subscribers to year 20.

*  Demand projection criteria.

*  Projection of maximum demand.

To determine the population growth rate, the INEI
database referring to district censuses shown in Table II was
accessed and (1) was used.

n|P,

t, = |= 1 [%)]
| Py
N (D

Where t. is the population growth rate, Pn is the projected
population, Py is the initial population, and n is the number of
years.

TABLE I
LOCATIONS AND NUMBER OF SUBSCRIBERS

Distribucion de Abonados

N Localidad A U U e
Diomes. General Comereial
1 ANAPLA 393 11 8 412
2 CAANA 20 1 0 21
3 PAMPACCATA 4 ] 0 4
4 SIPSIPAMPA 6 0 0 P
5 YAMPUPATA 3 0 0 3
6 KASAPAMPA 4 0 0 4
TKELE 1 0 0 1
8§ UTAPUIRUPAMPA g 0 0 9
9 YAMISTIPAMPA 2 0 0 2
10 PATAMANTA 1 0 0 4
11 TAQUISINA PAMPA 0 0 .
12 ARACCA 20 0 0 20
13 CANO 3 o 0 3
14 SUANA 91 6 3 100
15 PATAHUATA 12 0 0 12
16 CHIRUAKA . 0 0 7
17 KESKAPT B 0 0 3
18 TINAKACHI 5 0 0 5
18 TARQUI 4 0 0 4
20 KANTUTANI g 0 0 g
TOTAL 62 18 11 631
TABLE II
POPULATION GROWTH RATE
CENSOS Poblacién o s
DISTRITALES TICP (%) TCP (%)
DISTRITO ~ ANO Poblacien [nferanual ELEGIDO
2018 1826 1.00%
ANAPIA 2019 1787 2.14%
2020 1743 -2.46%
Promedio Global -2.30% 1.00%

He growth rate obtained is negative. Therefore, a 1%
population growth rate is assumed for type I and II localities.
With the growth rate of proceeds to project the amount by type
of subscriber to year 20, using (2), which is the result of
clearing the projected population see (1). The results are
shown in the Table III.

P, =Py(1+t,)" @
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TABLE 111
SUBSCRIBER PROJECTION FOR YEAR 20

TCP ABONADO TOTAL
Ne Localidad "
(%) DOMESTICO USO GENERAL COMERCIAL ABONADOS

1 ANAPIA 1.00% 480 13 10 503
2 CAANA 1.00% 25 1 0 26
3 PAMPACCATA 1.00% 5 0 0 5
4 SIPSIPAMPA 1.00% 7 0 0 7
5 YAMPUPATA HUENCALLA 100% 3 0 0 3
6 KASAPAMPA 1.00% 5 0 0 5
7 KELE 1.00% 1 0 0 1
8 UTAPUJRUPAMPA 1.00% 11 0 0 11
9 YANISTIPAMPA 1.00% 3 0 0 3
10 PATAMANTA 1.00% 5 0 0 5
11 TAQUISINA PAMPA 1.00% 9 0 0 9
12 ARACCA 1.00% 25 0 0 25
13 CANO 1.00% 4 0 0 4
14 SUANA 1.00% 111 7 4 122
15 PATA HUATA 1.00% 15 0 0 15
16 CHIRUAKA 1.00% 9 0 0 9
17 KESKAPI 1.00% 4 0 0 4
18 TINAKACHI 1.00% 3 0 0 3
19 TARQUI 1.00% 5 0 0 5
20 EANTUTANI 1.00% 10 0 0 10

TOTAL 740 21 14 775

Criteria for energy projection shown in Table IV, were
from energy consumption receipts from the Anapia district and
were compared with the consumption of similar electrical
services to determine the growth rate of electrical energy
consumption. In addition, electrical energy losses were taken

according to technical report No. 0432-2013-GART
(Osinergmin).
TABLE IV
UNIT CONSUMPTION OF ELECTRICAL ENERGY BY TYPE OF
SUBSCRIBER
SECTOR DOMESTICO
Tipo de C.U. Inicial C.U. Final Tasa de
Localidad kWh-mes kWh-mes Crec. (%)
I 20.00 28.30 1.75%
o 16.00 21.13 1.40%
SECTOR COMERCIAL
Tipo de C.U. Inicial C.U. Final Tasa de
Localidad kWh-mes kWh-mes Crec. (%)
I 22.00 3113 1.75%
o 17.60 234 1.40%
SECTOR USO GENERAL
Tipo de C.U. Inicial C.U. Final Tasa de
Localidad kWh-mes kWh-mes Crec. (%)
I 130.00 250.00 3.32%
I 98.00 135.00 1.61%
ALUMBRADO PUBLICO
Tipo de Localidad I jii
KWh-mesusuano 11.00 6.30 KALP

With the projection of the subscribers and with the criteria
of electrical energy consumption, the maximum demand for
energy consumption shown in Table V was determined.

TABLE V
PROJECTION OF THE ENERGY DEMANDED

ABONADO Alumbradoe Pérdidas Pérdidas Tatal
xe Localidad Domestice Uso Comercial publico BT MT eneTgia
General

1 ANAPIA 162,98245 3900000 373560 G66306.00 2208412 5707.64 29991580
1 CAANA 6,338.70 1,620.00 0.00 106560 85476 20011 1098818
3 PAMPACCATA 1,267.74 0.00 0.00 37800 13616 3457 181646
4 SIPSIPAMPA 24 0.00 0.00 52020 10062 4840  2,543.05
5 YAMPUPATA 760.64 0.00 0.00 22680 8169 2074 108088
§ EASAPAMPA 1,267.74 0.00 0.00 37800 13618 3457 1.816.46
7 EKELE 253.55 0.00 0.00 75.60 2723 601 363.20
8 UTAPUIRUPAMPA 2,789.03 0.00 0.00 83160 29934 7605 380622
9 TANISTIPAMPA T60.64 0.00 0.00 226.80 8160 2074 1.080.88
10 PATAMANTA 1,267.74 0.00 0.00 37800 13616 3457 181646
11 TAQUISIUA PAMPA 238163 0.00 0.00 63040 24508 6222 3,260.64
12 ARACCA 6,338.70 0.00 0.00 1,890.00 63078 17284 908232
13 cANO 1,014.19 0.00 0.00 30240 10892 2746 145317
14 SUANA 37680.60 2100000 149424 1610400 6463.75 160538 84357.07
15 PATA HUATA 3,803.22 0.00 0.00 113400 40847 10371 544030
16 CHIRUAEA 228193 0.00 0.00 63040 24508 6222 326064
17 EESEAFI 101419 0.00 0.00 30240 10892 2746 145317
18 TDNAKACHI 760.64 0.00 0.00 226.80 8168 2074 1,089.88
19 TARQUI 1,267.74 0.00 0.00 37800 13616 34357 1,816.46
20 EANTUTANI 2,53548 0.00 0.00 75600 27231 6014 363203

TOTAL (KWh/aiio)  238.450.80  GL620.00 522084 03.840.00 32.780.20 5379.44 440,309.37

TOTAL (KWh/mes) 10.870.00 5,135.00 415.82 782000 271144 69319 3660245
TOTAL (KWh'dia) 653.29 168.82 14.33 257.10 59.83 2296 1.206.33

B.  Design of the Photovoltaic Power Plant

Know the demand for energy and power, as well as an
energy resource are essential for the design of the photovoltaic
plant. For this, it is need to know the following:

1) Power requirement.

Annual energy at year 20: 440,309.37 kWh/year

Monthly energy to year 20: 36,692.45 kWh/month

Daily energy of year 20: 1,206.33kWh/day

2) Location of the photovoltaic plant.
The study site for the photovoltaic power plant is located on
the north side of the island of Anapia the which has UTM
coordinates 515511.00 m E, 8197421.00 m S, zone 19 K, or
coordinates geographic latitude -16.3041 and longitude -
68.8548, to an altitude of 3856 m.s.n.m.

3) Available solar resource of 6.2 KWh/m2 /day, dividing
this value by the irradiance of 1 KW/m?, the HSP is obtained
being equal to 6.2 h/day.
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Fig. 1 Average daily solar radiation.
4) Technical specifications of the technology to use. For
the design of the plant, a technical characteristics photovoltaic
module shown in Table VI, and a grid inverter technical

characteristic shown in Table VII.

TABLE VI
TECHNICAL SPECIFICATIONS OF THE MODULE

peak power g0 wp
Shaort circuit current (|5 8.45 o
Wacuum woltage (ng) 529 W
MPPF current B.85 o
MIPP valtage 441 Y
Goeff Jagy Open Circut Vaoltage EE Y
Coeff Jzm,short circuit current 0.04% 1 °C
Cpef Tem powsr MPP S04T% G
TONG “C
panzl width SDEmm
panel length 2087mm

TABLE VII

TECHNICAL SPECIFICATIONS OF THE INVERTER

Maximum allowable tension
maximurm admizsible intensity
MPP voltaga range

Mimirmum

Maximum

Rated input voliage

DG poveer

AT power

Short circuit current

10000
134

390V
00V
00
250005
250005
434

5) Energy loss factor. The estimation
factor. It is essential to determine the
photovoltaic generation system.

of the energy loss
efficiency of the

by temperature

by pereeer
Morninal
0.50%

Relating ta
Investor

2%
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20.46%

by dust and
Jirt
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Fig. 2 Loss factor consideration.

The efficiency of the photovoltaic plant will be 79.54%.

6) Calculation of the number of photovoltaic modules. To
calculate the number of photovoltaic modules, see (3) was
used.

. E
Nmoguis =
Noyerem * Prgguts * HSP 3)
Where:
E : Energy demanded (KWh/day).

HSP : Peak solar hour (h)
Pmodule: Peak power of the module (Wp).
Ngystem  : Efficiency (%)

Replacing the values in (3), the result is the number of
627 photovoltaic modules.

7) Determination of the photovoltaic arrangement.

Maximum photovoltaic modules in series : 17 units.
Minimum photovoltaic modules in series : 8 units.
Photovoltaic modules will be installed : 13 units.
Number of network inverters : 10 units.
Number of module chains per inverter : 5 units.

Maximum number of chains per inverter input: 3 units

8) Calculation of the storage system. Characteristics of
the selected battery.

Battery power 1,500.00 Wh.

Nominal Capacity of the Batteries 30.00 Ah.

Maximum discharge depth 5%.

Group voltage 52 V.

Capacity of accumulation groups 18 kWh.

To calculate the number of batteries, in (4) was
considered.

NTObatteries =Cn/C bat (4)
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Where:
Cn :Required charge capacity (Ah).
Crat : Nominal battery capacity

6 banks of 60 batteries were used, for this 360 Lithium
Ion batteries were determined.

9) Calculation of the
Parameters:

Nominal Power: 200 kwm

Installation Altitude: 4100 meters above sea level

Derating: 3% for every 500 over 1000m.s.n.m.

System Power: 151.44 kw.

Power with Derating: 153,453 kwm.

Electrical power Pm*0.8: 122.7616kwe.

generating set. Necessary

10) Calculation of the step-up transformer. To determine
the capacity of the transformer, (5) was considered.

{:Pdﬂm + PP':REI,CH.-FE:‘)

Prr'nf::- = cosD (5)
Where:

Ptrafo : Power of the required transformer.
Pdem : Maximum demand power.

Pp (Re, Cu, Fe): Power losses.
cos @ : Power factor of the transformer.

Apparent power of the transformer will be the ratio of
active power and power factor, resulting in 172.83 KVA.
Therefore, a 175K VA step-up transformer will be selected.

If a 30% transformer overload is considered, a 150KVA
transformer could be selected, in order not to oversize the
transformer.

IV. DISCUSSIONS

At the end of this work, where the values of maximum
demand for electrical energy were analyzed to design a
photovoltaic plant, it is technically feasible. This is
corroborated by the studies carried out by [10], [11] who
designed an isolated photovoltaic power plant.

“Design, implementation and economic analysis of a 3
KW grid-connected photovoltaic system (SFCR) with DC/DC
converters analyzed in the geographical and climatological
conditions of the city of Juliaca” [12], indicates that a
photovoltaic system connected to network is viable with a 12-
year amortization of the investment, being technically and
economically feasible. Likewise in the Work “design of a
30MW photovoltaic solar plant, for technical analysis.
Operational and economic in the SEIN, located in Tacna-
20177 an economic analysis of the design of a 30MW
interconnected plant was carried out, indicating that the
installation of plants interconnected to the National
Interconnected System is technically and economically
feasible. To carry out the economic comparison of the present

project with the aforementioned background, the economic
analysis was carried out [13].

V. CONCLUSIONS

A photovoltaic plant was designed to cover the maximum
demand and thereby improve the electrical service in the
island district of Anapia. The most important thing about the
design was to determine the maximum demand and have the
solar resource throughout the year; What helped the most to
design the photovoltaic plant was the information obtained on
the number and type of subscribers, because it allowed the
demand to be projected and thus dimension the photovoltaic
plant.

The electricity market study of the insular district of
Anapia was carried out, with the maximum energy demand
being 440,309 KWh/year, with the energy demanded by 740
domestic subscribers, 21 general use subscribers and 14
commercial use subscribers.

The magnitude of the electrical and mechanical
parameters of the photovoltaic plant was determined according
to the maximum demand required for which the photovoltaic
plant was designed, composed of 627 photovoltaic modules of
390 watts peak, distributed in chains of 13 photovoltaic
modules in series, 19 boxes of connection, ten grid inverters of
25,500watt, 360 lithium-ion batteries of 1,500watt hour, 18
6,000watt bidirectional inverters and a pedestal-type step-up
transformer of 165 kVA.
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