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Solar photovoltaics and the associated applications are now considered the most promising technologies for a sustainable future.
The performance of the PV power plants is not studied in detail with respect to the influence of various weather parameters like
rain, relative humidity, and atmospheric pressure on energy generation. The objective of this research work is to analyze and
model the weather impact of a utility-scale PV power plant in a tropical region. The methodology involves the detailed analysis
of the PV plant performance for various weather seasons and modeling the energy generation based on important weather
parameters obtained from a Solar Radiation Resource Assessment (SRRA) station installed at the PV power plant location itself.
Solar generation and its performance are affected during the rainy seasons, and it turns out to be a typical phenomenon in the
humid tropical region. A regression model of solar generation for all the weather seasons is generated based on different weather
parameters.

1. Introduction

Solar PV has a greater role in the global energy transition for
meeting the challenges of climate change. The Paris Agree-
ment demands the global nations to limit the global temper-
ature rise to 1.5°C. Energy-related carbon emission has to be
reduced by around 3.5% per year to 2050 to address this chal-
lenge. The demand for solar PV is increasing across the
world, and it becomes the most competitive option for elec-
tricity generation in many numbers of countries. Solar PV
is expected to become the cheapest source of energy by
2050 in the regions where solar radiation is abundant [1]. A
total cumulative solar PV capacity of 627GW was installed
up to 2019. The interest in solar PV capacity addition

resulted in the addition of at least 1GW capacity in more
than 29 countries up to 2019. The major share in grid-
connected renewables is from utility-scale solar power plants
and also from the rooftop sector. The cost of solar PV contin-
ued to decline mainly due to the reduction in the price of PV
modules [2]. According to the International Renewable
Energy Agency, solar generation is increased by 28% from
the previous year based on the data available from the sources
[3]. Ground-mounted utility-scale solar PV projects had a
major share of 70-72% in the global installed capacity.
Utility-scale PV plants continue to be the major contributor
to PV capacity addition in the world [4]. The performance
of the solar PV power plant is influenced by various weather
parameters like solar irradiation, temperature, wind speed,

Hindawi
International Journal of Photoenergy
Volume 2021, Article ID 5551014, 10 pages
https://doi.org/10.1155/2021/5551014

https://orcid.org/0000-0002-4867-2362
https://orcid.org/0000-0001-5981-0559
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/5551014


rain, humidity, and atmospheric pressure. The output of the
PVmodules depends on the solar radiation falling on the sur-
face. The operation and maintenance of solar PV plants play
a vital role in improving the performance of PV power plants.
The operation and maintenance of a PV plant are extremely
important for its sustainability [5].

2. Literature Review: Weather-Related Studies
Conducted in Solar Power Plants

The performance of the solar PV power plant is influenced by
various weather parameters like solar irradiation, tempera-
ture, wind speed, rain, humidity, and atmospheric pressure.
The output of the PVmodules depends on the solar radiation
falling on the surface [6]. Parretta et al. evaluated the perfor-
mance of various PV technologies in the tropical region.
Wijeratne et al. described the various software tools which
deal with feasibility, operation, and maintenance cost, the
performance of the PV plant, and the irradiation calculation
[7]. Killinger et al. described the power generation between
differently oriented PV systems based on a measurement
from a reference system [8]. Martín-Martínez et al. studied
the influence of ambient temperature and wind speed on
the performance of six large-scale PV power plants in Spain
[9]. Mussard and Amara discussed the performance analysis
of various PV module technologies in an arid climatic condi-
tion [10]. Dabou et al. evaluated the power output on various

climatic conditions in South Algeria [11]. Pina et al. analyzed
the solar PV plant installed in Latvia utilizing a regression
model [12]. Vasel and Iakovidis discussed the effect of wind
direction on the performance of a utility-scale PV plant
[13]. The relevant performance studies conducted in differ-
ent climate regions are summarized in Table 1.

Based on Table 1, the performance ratio of the PV plant
was found to vary between 61% and 88%. There is a large var-
iation in the performance of the plant among different
climates.

Most of the utility-scale power plants are installed with
an embedded data monitoring system which includes a cell-
based or thermopile-based pyranometer for solar radiation
measurement. Most of the studies were conducted by utiliz-
ing the data from conventional data monitoring systems
embedded with the solar power plant project when it is con-
structed by the developer. Sensors for measuring the ambient
temperature, wind speed, and module temperature are also
incorporated in most of the embedded data monitoring sys-
tems. All these studies have limitations since the data is
completely dependent upon the measuring instruments of
various qualities. Also, there is a chance that the instruments
may not be calibrated as per the standards. However, these
measuring instruments if not calibrated regularly may end
up with erroneous measurement which will lead to wrong
performance conclusions of the solar power plants. All the
above studies were conducted based on the average monthly

Table 1: Summary of the relevant performance studies conducted in a different climate region.

Reference Country/site Capacity Climate
Performance
ratio (PR)

Method of data
collection

Module
technology

[14] Sivaganga, India 5MW
Tropical and hot

climate
80% SCADA

Thin
amorphous

[15] Ramagundam, India 10MW
Tropical and hot

climate
86.12% SCADA Poly C-Si

[16] Tiruchirappalli, India 20 kWp
Tropical and hot

climate
82% — Poly C-Si

[17] Agra (city), Uttar Pradesh, India 40 kWp Semiarid climate 63% — Mono C-Si

[18] Visakhapatnam, India 1MWp
Tropical and hot

climate
88% — Poly C-Si

[19] Dhaka, Bangladesh 80 kWp 66% — Mono C-Si

[20]
Cochin International Airport,

Kochi, India
12MWp

Tropical and hot
climate

86.56% SCADA Poly C-Si

[21]
Raja Bhoj International Airport,

Bhopal, India
2MWp

Tropical and hot
climate

85.54% — Poly C-Si

[22] Roorkee, India
1816
kWp

N/A 63.68% — Poly C-Si

[23] Morocco 5 kWp N/A 79% — Poly C-Si

[24] Ghana, 2013 2.5MW Tropical country 70.4%
Data logging

system
Poly C-Si

[25] Algeria 2.5 kWp Hot dry climate 73.85% — Mono C-Si

[26] Djibouti
302.4
kWp

Tropical desert
maritime climate

84% — Poly C-Si

[27] Nouakchott, Mauritania 15MWp Arid climate 63.59 to 73.56% Data logger Thin film

[28] Nouakchott, Mauritania
954,809
kWp

Arid climate 61% to 71%
Data monitoring

system
Thin film
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data and not based upon an hourly average or daily average.
Hence, the results and the conclusion in the referred studies
have the limitation of detailed hourly/daily analysis.

A comprehensive analysis of the performance modeling
of PV plant generation and the influence of weather param-
eters like the effect of humidity, atmospheric pressure, and
rain are not reported by researchers in detail. Considering
the gaps in studies as found in the literature, this research
work is carried out with the most accurate and reliable data
from a Solar Radiation Resource Assessment (SRRA) station
installed as part of the National Solar Resource Assessment
Programme conducted in India.

In this paper, the influence of weather parameters like
solar irradiation, air temperature, rain, wind speed, atmo-
spheric pressure, and dew point on the performance of PV
plants is studied in detail using a very sophisticated Solar
Radiation Research Assessment (SRRA) station.

The objectives of this research work are as follows:

(1) To analyze the weather impact of a utility-scale PV
power plant in a humid tropical region utilizing
SRRA data

(2) To develop a mathematical regression model for the
solar generation in different weather seasons utilizing
all weather parameters

(3) To establish a probability distribution model to pre-
dict the solar generation on varying irradiance

3. Methodology

3.1. Site Details and Conditions. The PV plant is situated in
the southern state of Kerala in South India. This research is
conducted based on the recent SRRA data of 2019. The 2
MW solar power plant selected for the study is located in a
humid tropical region where the rain has got a more consid-
erable influence on the weather pattern of the area [29]. The
2MW solar power plant is situated at Kuzhalmannam in the
Palakkad District of Kerala, South India. A site view of the 2
MWp PV power plant is given in Figure 1. The site is situated
17 km away from Palakkad Town. The plant was commis-
sioned in December 2016. The geographical coordinates of
the PV plant are 10.717 latitude and 76.613 longitude. The
PV plant is solely owned by the Agency for New and Renew-

able Energy Research and Technology (ANERT), which is
the State Nodal Agency of Renewable Energy under the
Power Department of the Kerala Government.

Thomas and Prasannakumar described that the state of
Kerala is experiencing tropical humid climatic conditions
with two monsoon periods with more than three months of
heavy rainy seasons [29]. Ananthakrishnan and Soman had
described a comprehensive estimation of the rain in Kerala
[30]. According to Hunt and Menon, the monsoon is spread
over 6 months in Kerala with an average of 300mm rain [31].

3.2. Data Collection. A typical SRRA station installation is
shown in Figure 2. This SRRA station is installed as part of
a separate Solar Radiation Resource Assessment Programme
in different parts of the country and installed on the same
premises of the 2MW solar PV plant which turned out to
be a novel arrangement for the measurement of different
weather parameters utilizing state-of-the-art measuring
instruments. The methodology involves accurate weather
data collection from a Solar Radiation Resource Assessment
(SRRA) station. This SRRA station is used as a primary data
collection source for the study. The SRRA station is opera-
tional since November 2018, and the big data is streaming
since then from the SRRA station and is being stored in the
central server. This data is continuously monitored in the
central server. This data at a one-minute interval is collected
through the above measuring sensors and transferred in real-
time from the SRRA station. The most recent year of 2019 is
taken for analyzing the influence of weather along with the
generation data of the PV power plant which is available
from the traditional embedded data monitoring system.

Table 2 gives the summary of the measuring instruments
in the SRRA station which are used for measuring the
weather parameters at the site of the PV power plant.

The following data is available from the SRRA station:

(i) Direct normal irradiation (DNI)

(ii) Global horizontal irradiation (GHI)

(iii) Diffused horizontal irradiation (DHI)

(iv) Wind speed and direction

(v) Relative humidity

(vi) Rain

(vii) Atmospheric pressure

(viii) Solar elevation

(ix) Solar azimuth

(x) Dew point

The SRRA station provides the data of global horizontal
irradiation through a pyranometer. Global tilted irradiation
is calculated for determining various performance parame-
ters like performance ratio and module temperature. The
data logger and modem at the SRRA station combined with
GPRS will accomplish the task of data collection and
monitoring.

Figure 1: Site view of ANERT 2MWp Kuzhalmannam solar PV
power plant.
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3.3. Determination of Global Tilted Irradiation and Module
Temperature from SRRA Data. The methodology of this
research work includes the following:

(i) Primary data collection from the SRRA station

(ii) Determination of global tilted radiation and module
temperature from SRRA data

(iii) Modeling the PV generation utilizing Minitab
software

(iv) Analysis of the variation of PV plant performance

(v) Comparison of the seasonal performance of the
plant

Kalogirou has consolidated various mathematical equa-
tions used for the determination of global tilted irradiation
and module temperature [32]. The equations are given
below.

3.3.1. Estimation of Global Tilted Irradiation. Global tilted
irradiation (GBt) or the beam radiation on a tilted surface is

calculated by multiplying global horizontal irradiation (GB)
and beam radiation tilt factor (RB). Global horizontal irradi-
ation is the sum of the beam (direct) and diffuse radiation
and is also known as “global radiation.”

GBt =GB × RB: ð1Þ

The beam radiation tilt factor (RB) is given by

RB =
sin L − βð Þ sin δð Þ + cos L − βð Þ cos δð Þ cos hð Þ

sin Lð Þ sin δð Þ + cos Lð Þ cos δð Þ cos hð Þ : ð2Þ

The declination angle (δ) is defined as the angle between
the lines joining the centers of the sun and the earth, which
also determines the direction of the direct rays coming from
the sun and their projection on the equatorial plane and is
given by

δ = 23:45 sin
360
365

284 +Nð Þ
� �

: ð3Þ

Figure 2: Dedicated SRRA station at the site and central data server for the real-time collection of the data.

Table 2: Summary of measuring instruments in an SRRA station.

Sl no. Instrument Manufacturer Parameter

A. Solar measuring instruments

1 Pyranometer
Phase I: Eppley, USA
Phase II: Hukseflux, NL

Global radiation (W/m2)—instantaneous, average

2 Shaded pyranometer -do- Diffuse radiation (W/m2)—instantaneous, average

3 Pyrheliometer -do- Direct irradiance (W/m2)—instantaneous, average

4 Solar tracker Geonica, Spain Mounted with shaded pyranometers and pyrheliometer

B. Meteorological measuring instruments

5 Ultrasonic wind sensor R. M. Young, USA
Wind speed and wind direction—standard deviation,

maximum, and average

6 Rain gauge -do- Rain accumulation

7 Pressure sensor -do- Atmospheric pressure

8 Temperature & relative humidity sensor -do- Temperature and humidity—average, maximum, and minimum

C. General instruments

9 GPS Garmin, USA To synchronize sun tracker with sun movement

10 Data logger & modem Geonica, Spain Collecting data from sensors

11 GPRS Garmin, USA To transfer data through mobile SIM cards

12 Solar PV panel Moser Baer, India For charging battery for powering the station

13 External battery Exide, India For electrical storage
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The value of N is the date number which ranges from
1 to 365.

The zenith angle is the angle between the sun’s rays
and the line perpendicular to a horizontal plane, and the
hour angle is the angular displacement of the sun from
the local meridian because of the earth’s rotation around
its own axis [33].

The hour angle (h) is given by

cos ωsð Þ = − tan Lð Þ tan δð Þ: ð4Þ

The latitude (N) is also an important factor determining
the hour angle as given above.

Estimation of module temperature is given by

Tc = 30 + 0:0175 Gt − 300ð Þ + 1:14 Ta − 25ð Þ,

Plant efficiency =
Egrid ∗ 100
GBt ∗ Amod

:
ð5Þ

3.4. Data Analysis and Modeling. Weather in the state is
broadly divided into four seasons including two monsoons
and summer and winter seasons. The performance of the
solar PV power plant is assessed for the above four seasons
by utilizing the SRRA data collected for the entire year of
2019. Northeast monsoon, southwest monsoon, and summer
and winter seasons are separately taken for analyzing the PV
plant behavior based on the variation of different weather
parameters. The following analysis is done for the 2019 data
collected from the SRRA station:

(1) Detailed analysis for a selected month in a season

(2) Yearly data analysis

The various months that represent the typical character-
istics of the season are selected for the regression modeling
and arrive at the energy generation model equations.

3.5. Modeling the PV Generation with Weather Parameters.
Minitab is the statistical tool used for this analysis and for
arriving at regression model equations from big data. Mini-
tab is a statistical package developed at Pennsylvania State
University, USA. It offers various computations in the field
of big data analytics. Here, the weather parameters are
selected as variables, and the generation is made as a response
to various seasons. The outcome of this methodology is the
development of a mathematical model for the 2MWp PV
power plant based on various weather parameters. Once the
model is created, the generation can be theoretically calcu-
lated from the mathematical model. The important weather
parameters selected for regression modeling are given in
Table 3.

Minitab is also used for fitting the probability distribution
plot for a typical generation (kWh) in a day against the rep-
resentative average daily solar generation (GPOA) of the year.

4. Results and Discussion

The energy generation profile for different seasons is dis-
cussed in the following section. The plant performance
results are summarized in Table 4 for arriving at conclusions.

4.1. Seasonal Plant Performance. The classification of seasons
is as follows:

(i) Southwest monsoon (June to September)

(ii) Northeast monsoon (October to November)

(iii) Summer (February to May)

(iv) Winter (December to January)

The year 2019 was faced with heavy rain in Kerala, partic-
ularly in Palakkad District where the PV plant is located.
Tropical humid regions are characterised by rainy seasons,
and there will be impact on the PR in these regions due to
rain. Month-wise generation, global tilted generation, peak
sun hours, PR, wind speed, air temperature, relative humid-
ity, atmospheric pressure, and rain are summarized in
Table 4.

It is observed that the performance ratio (PR) of the plant
was reasonable during the summer season (Feb—71.67,
March—71.72, April—69.75, and May—72.69), obviously
due to higher energy generation. The advantage of colder
temperature improves the PR of the plant further during
the rainy months of June (75.95) and July (74.09) as com-
pared to the summer season though the overall generation
was lower. The highest PR of the plant was observed during
September (79.50) owing to the lesser solar radiation. The
lowest sun peak hours have been observed as 4.41, 4.04,
3.48, and 4.18 during June, July, August, and September of
2019, respectively, which indicate the reduction in solar inso-
lation during the rainy season. This directly influences the
performance of the plant as well.

4.2. Effect of Temperature on Generation. Eight representative
days were chosen for different seasons to study the effect of
temperature on generation and are presented in Table 5.
Among the eight days, selected for the study, the lowest aver-
age ambient temperature was recorded during January obvi-
ously due to the winter season. The daily energy generation
for the winter days is higher than that for other days chosen
for the analysis. The combined effect of optimum tempera-
ture and sunshine duration contributed to the higher

Table 3: Weather parameters for regression modeling.

Parameter Notations Remarks

Global tilted irradiation GPOA kWh/m2

Wind speed WS m/s

Air temperature T °C

Relative humidity RH %

Atmospheric pressure PATM Mb

Rain R mm
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generation which clearly shows that the winter seasons are
also favorable for energy generation in tropical humid
regions. The summer solstice in the tropical region falls in
the southwest monsoon season, and hence, lesser generation
was observed due to the cloudy and rainy conditions prevail-
ing in the regions. This emphasizes the influence of rain in
keeping the ambient temperature lower when compared to
the winter months. The air temperature and module temper-
ature show a continuous correlation throughout the seasons.
On a typical summer day, the module temperature can reach
above 44°C and the module temperature shows a compara-
tively lower level in rainy months as a general tendency in
tropical regions. The module temperature follows the air
temperature almost constantly throughout the summer sea-
sons which is a common trend in tropical regions.

4.3. Effect of Irradiance on Generation. The eight representa-
tive days were chosen for different seasons to study the effect
of irradiance on energy generation as illustrated in Table 6.
The highest global tilted irradiance has been observed on
winter days, and correspondingly higher energy generation
happened. Out of 8 days, 4 days achieved more than 8000
kWh generation which shows the correlation between higher
global tilted irradiance and generation. It has been observed
that the highest average global tilted irradiations happened

during both summer and winter seasons. It is found that both
summer and winter days provide the best solar generation
among the selected days. The highest global tilted irradiance
was observed mostly in summer days except for three days in
monsoon. This indicates the importance of summer in trop-
ical regions in achieving higher performance as it is evident
from the higher generation values during the summer season.

Hence, it can be concluded that the typical Kerala humid
climate supports good generation in the first six months of a
year and dips into the lesser generation in monsoon months
until it regains the status in the final months of the year.

4.4. Modeling of Solar Generation in Different Weather
Seasons. The data from the SRRA weather monitoring station
is analyzed for the year 2019, and that has been used to
develop a regression model for the entire four weather sea-
sons for a 2MWp PV power plant installed in a tropical
region. The modeling output is calculated for the typical
one day of the selected season as per the model equation
below, and then, that value has to be multiplied by the num-
ber of days in that season to get the total generation. The
weather parameters considered for the study are global tilted
irradiation, wind speed, air temperature, relative humidity,
atmospheric pressure, and the rain of the site. Here, the solar
generation is derived from the selected weather parameters

Table 4: Summary of monthly average weather parameters.

Month
Generation
(MWh)

Monthly tilted
irradiation (kWh/m2)

Peak sun hours per day
during the month

PR
Wind
speed
(m/s)

Air
temp
(°C)

Rel.
humidity

Atm.
pressure
(mb)

Rain
(mm)

Jan 267.262 190.80 6.15 69.93 3.01 26.88 68.89 1010.96 7.8

Feb 260.593 181.53 5.86 71.67 2.35 28.53 59.52 1013.18 0.0

Mar 295.842 205.95 6.64 71.72 2.14 29.90 63.69 1010.61 2.0

Apr 258.129 184.77 5.96 69.75 2.25 30.42 68.15 1006.45 70.7

May 252.834 173.65 5.60 72.69 2.98 30.16 70.28 1006.09 37.5

Jun 207.927 136.68 4.41 75.95 2.76 27.87 81.51 1003.14 208.0

Jul 186.007 125.34 4.04 74.09 2.56 26.25 86.37 1004.85 270.9

Aug 142.496 107.98 3.48 65.88 2.63 25.51 89.24 1005.71 571.6

Sept 206.299 129.55 4.18 79.50 2.25 26.57 86.34 1008.90 154.8

Oct 211.321 168.87 5.45 62.47 1.76 26.66 83.30 1006.89 337.3

Nov 209.165 185.72 5.99 56.23 2.17 27.53 76.21 1010.44 80.2

Dec 211.726 169.06 5.45 62.53 3.01 26.88 68.89 1010.96 7.8

Table 5: PR and generation variation for various selected days with an average temperature.

Date Average ambient temperature (°C) Average module temperature (°C) Daily generation (kWh) PR (%) Days

22-01-19 24.33 36.14 9865 73.36 Winter

21-08-19 25.97 30.05 6718 77.67 Southwest monsoon

26-10-19 27.67 38.41 8772 60.84 Northeast monsoon

14-04-19 31.99 44.26 8960 70.55 Summer

20-03-19 30.08 40.64 8277 73.82 Spring equinox

23-09-19 26.84 35.66 7259 65.98 Fall equinox

21-06-19 26.08 31.77 5840 84.97 Summer solstice

22-12-19 26.90 36.83 8247 66.14 Winter solstice
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above. The mathematical model equations (developed by
Ajith Gopi, Sudhakar, and Co hereafter named as the AGS
model) for typical days of different weather seasons, arriving
at utilizing the regression modeling, are listed below:

Southwest monsoon:

E = 2422 + 1402:9GPOA + 157WS − 89Ta

− 7:2 RH + 0:8PATM − 2:91R:
ð6Þ

Northeast monsoon:

E = −58186 + 1480GPOA + 709WS + 248Ta

+ 56:0 RH + 42:9PATM – 3:6R:
ð7Þ

Summer:

E = −22790 + 1259GPOA + 57WS + 9Ta

− 24:8 RH + 24:9PATM − 579R:
ð8Þ

Winter:

E = 147222 + 1759GPOA − 1567WS + 202Ta

– 64:6 RH − 145PATM + 4069R:
ð9Þ

The above models are tested utilizing the 2020 SRRA
data, and the results are checked and compared with the
actual generation data as given in Table 7.

The above AGS model can be used to predict energy gen-
eration of a 2MWp PV plant for a typical day in each season
based on the important weather parameters in a tropical
region as discussed above. The model has been tested and

validated utilizing the 2020 year’s measured data. The per-
centage average variation in the prediction of energy genera-
tion using the model is within the acceptable limits (9.87%).
The novelty of this work is that this model brings important
weather parameters like wind speed, air temperature, relative
humidity, atmospheric pressure, and rain into this model
which was not previously taken up in any research work
along with seasonal solar power PV plant generation.

4.5. Probability Distribution Model. The data set for the aver-
age daily generation (kWh) is plotted against global tilted
irradiance as a scatter plot, and a line curve is fitted for the
best value as given in Figure 3. The cubic model is arrived
at by utilizing the Minitab statistical tool. The scatter plot is

Table 6: Generation and PR for the days with the average irradiance.

Date
Global horizontal irradiation

(kW/m2/day)
Global titled irradiance

(kWh/m2/day)
Generation (kWh) Performance ratio (%) Days

22-01-19 6.08 6.70 9865 73.36 Winter

21-08-19 4.43 4.31 6718 77.67 Southwest monsoon

26-10-19 6.04 7.19 8772 60.84 Northeast monsoon

14-04-19 6.44 6.33 8960 70.55 Summer

20-03-19 5.48 5.59 8277 73.82 Spring equinox

23-09-19 5.37 5.49 7259 65.98 Fall equinox

21-06-19 3.68 3.43 5840 84.97 Summer solstice

22-12-19 5.56 6.22 8247 66.14 Winter solstice

Table 7: Model testing and validation using 2020 measured data.

Year
Global tilted
irradiance
(kWh/m2)

Wind speed
(m/s)

Air temp
(°C)

Rel. hum.
Atm. pressure

(mb)
Rain
(mm)

Actual generation
(kWh)

Predicted with
the AGS model

Variation
(%)

2020 (SW) 4.5 2.46 26.76 83.58 1003.354 154 6010 6492.33 7.29

2020 (S) 7.21 2.53 28.25 57.04 1011.88 0 9455.8 10478.92 9.76

2020 (W) 5.8 2.44 27.34 62.90 1011.92 0.40 8697.96 9947.81 12.56

2020 (NE) Not tested due to lack of SRRA data for NE monsoon

Fitted line plot
E=4897-2067 GPOA+768.9 (GPOA)2-54.84 (GPOA)3

GPOA (kWh/m2/day)
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Figure 3: Probability distribution model fitted for the 2MW PV
plant.
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accomplished as a probability distribution as per the cubic
model equation given below.

E = 4897 − 2067GPOA + 768:9 GPOAð Þ2 − 54:84 GPOAð Þ3: ð10Þ

This probability distribution predicts the values for gen-
eration in a day on varying irradiance which when multiplied
by 365 days will predict the annual generation.

The validation of the probability distribution model is
tested using the measured data of 2018 and 2020, and the
model is also compared with the PVsyst simulated genera-
tion, and the details are summarized in Table 8. The percent-
age variation of predicted generation by the probability
model in the years of 2018 and 2020 is within the acceptable
limits with the actual generation.

This simple model predicts the average daily generation of
a 2MWp PV power plant installed in a tropical region for a
complete year with a single parameter of global tilted irradia-
tion in the equation. This model helps for a quick prediction
of solar generation PV power plant sites in a tropical region.
Predictive maintenance, remote sensing, and solar forecasting
will help in monitoring the solar power plant performance.

5. Conclusion

This research work studied the influence of important
weather parameters on the performance of a utility-scale
power plant installed in a humid tropical region in the state
of Kerala, a southern state of India. Unlike conventional data
collection, big data collected from the Solar Radiation
Resource Assessment (SRRA) station is used in this research
work for accurate estimation. In addition to the usual
weather parameters like ambient temperature, global tilted
irradiance, and wind speed, other influential parameters like
rain, atmospheric pressure, and humidity are also analyzed
and modeled for the major weather seasons of the region.
The following are the major outcomes of the study.

(i) Solar generation and its performance are affected
during the rainy seasons, and it turns out to be a
typical phenomenon in humid tropical regions. It
is also understood that the prevailing wind during
the monsoon periods does not make much influ-
ence on the performance of the PV power plant

(ii) The generation of the PV plant in a tropical region
strictly follows the irradiance pattern. Global hori-
zontal irradiation and global tilted irradiation are
in analogy providing comparatively higher values
compared to monsoon months

(iii) It is observed that higher generation happens dur-
ing the period of lower atmospheric pressure in
tropical regions

(iv) Higher generation and reasonable PR are the
highlights of summer seasons. The solar genera-
tion and performance characteristics of the winter
season are almost the same as those of the sum-
mer season in tropical regions since all the perfor-
mance parameters are observed to be similar. The
plant performed well during the summer and
winter seasons when compared with the monsoon
seasons

(v) The monsoon rain has an influence on the ambient
temperature of the region which lowers the module
temperature. As a general trend, module tempera-
ture follows the ambient temperature throughout
the seasons

(vi) The 2MWp solar PV plant has got comparatively
higher PR during rainy seasons due to the advan-
tage of colder temperature during rainy seasons

(vii) The lowest sun peak hours of 4.41, 4.04, 3.48, and
4.18 were observed during June, July, August, and
September of 2019, respectively, which hints the
lower values of solar insolation during the mon-
soon months

(viii) The PV power plant has an annual generation of
2709.601MWh for the year 2019 with an annual
irradiance of 1959.9 kWh/m2

(ix) A solar generation model, hereafter named as the
AGS model, which predicts the generation for
the weather seasons has been developed for a 2
MWp PV plant in a tropical region utilizing
regression modeling in Minitab software utilizing
important weather parameters like global tilted
irradiation, wind speed, air temperature, relative
humidity, atmospheric pressure, and the rain of
the site

(x) The optimum generation in a typical day for a 2
MWp PV plant in a tropical region utilizing gener-
ation and global tilted irradiation is obtained based
on the probability distribution model: E = 4897 −
2067GPOA + 768:9 ðGPOAÞ2 − 54:84 ðGPOAÞ3

This research work will aid future studies on perfor-
mance analysis of PV plants in other geographical regions
with different climatic conditions.

Table 8: Validation of the probability distribution model using 2020 measured data.

Description
Annual GPOA
(kWh/m2)

Annual average
GPOA per day

Actual generation
(kWh)

Prediction by
model (MWh)

Percentage of
variation (%)

2018 2011.60 5.51 2701.46 2803.05 -3.76

2020 1916.25 5.25 2704.18 2668.56 1.31

PVsyst 2011.70 5.51 3034.30 (simulated) 2803.19 7.61
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Nomenclature

GBt: Beam radiation on a tilted surface (global tilted irra-
diation) (W/m2)

GB: Beam radiation on a horizontal plane (global hori-
zontal irradiation) (W/m2)

RB: Beam radiation tilt factor
L: Latitude (°)
β: Tilt angle for PV module (°)
δ: Declination angle (°)
h: Hour angle (°)
N : Date number in a year, value ranges from 1 to 365
Gt: Global tilted irradiance (kWh/m2)
Ta: Ambient air temperature (°C)
GPOA: Tilted irradiance (kWh/m2)
WS: Wind speed (m/s)
T : Air temperature (°C)
RH: Relative humidity (%)
PATM: Atmospheric pressure (mb)
R: Rain (mm)
EGrid: AC energy injected to the grid (kWh)
Amod: Area of the PV module (m2)
PR: Performance ratio.
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