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Abstract

Solar radiation measurement is essential to predict a better output from the solar power installations.
This paper presents an analysis of solar radiation measurements obtained for a period of six
months (January to June, 2019) from a solar station installed in Kathmandu, Nepal (27.6815° N
85.3186° E). Direct Normal Irradiance (DNI) is measured by pyrheliometer whereas, Diftfuse and
Global Horizontal Irradiances (DHI and GHI) are measured by pyranometers. The sensors are
thermopile based and are mounted on a 2D-solar tracker at a height of 2m. The data are recorded
at a minute interval in a data logger and are analyzed to obtain daily and monthly average values.
The maximum daily average is found on March 12 (GHI=471.92 W/m?®, DNI=570.6 W/m®)
and June 30 (DHI=247.15 W/m?) whereas, the minimum daily average was all found on April 6
(GHI=79.73 W/m?, DNI=3.81 W/m* and DHI=83. 27 W/m?). The six months average of GHI,
DNI and DHI are found to be 322.49, 308.735 and 156.177 W/m?’ respectively. The maximum
monthly average is found on March (GHI=874.56 W/m®, DNI1=387.75 W/m®) and June (DHI=
188.89 W/m®) whereas, minimum monthly average is on Jan (GHI=256.4 W/m®, DHI=124.19
W/m?) and June (DNI1=250.25 W/m?). The monthly average of DNI is found to be greater than
GHI for the winter months (Jan-March) whereas, it's opposite for the summer months (Apr-Jun).
A min by min plot for a particular day on a winter month and hourly average values of GHI and
DNI plots for a 21* day of each month is also presented to support the finding.
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1. Introduction

The total installed electricity capacity in Nepal is approximately 8878 MW (Adhikari, Gyawali, & Joshi, 2025).
The country is rich in water resources and majority of electricity in Nepal is produced from hydropower
(>95%) however, the solar resource is also abundant and supplements the country’s electricity demand by
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nearly 3% (GIZ, 2024). The average solar radiation in Nepal is about 4.7 kWh/m?/day with average sunshine
hours of 6.8 hours/day for approximately 300 days in a year (Kafle, Anderson, & Lohani, 2023). Solar
irradiance reaching the earth’s surface can be divided into Direct Normal, Diftuse Horizontal (DNI, DHI) and
Reflected irradiances. The combination of all three irradiances becomes the Global Horizontal Irradiances
(GHI). Instruments/sensors, called pyranometer and pyrheliometer are available for the measurement of
GHI and DNI and respectively. A special arrangement of pyranometer with the shading ball can be made to
measure the diftuse horizontal irradiance that blocks the direct normal beam falling on the sensor (Michalsky,
et al., 2003).

Kathmandu, the most populated city of Nepal is located at an elevation of 1324m with many small home
solar systems and institutional solar systems adopted as the secondary source of electricity during the grid
failures/cut-offs. As per Nepal Electricity Authority (NEA), grid connection of the solar power installation
for systems not less than 500W can be done by means of a net-metering (NEA, Jul 2017). Hence, many
developers are interested to invest in the solar sector. In this regard, an assessment of the intermittent solar
resources at a given location is essential to ensure more energy output from any solar project. Estimations
can be made using satellite driven data but realistic data will be obtained with ground measurements in real
environment. Some earlier efforts on analysis of global solar irradiance in Kathmandu have been presented
by using the data measurements from department of hydrology and meteorology (DHM) obtained by a
single pyranometer for the year 2018 (Shrestha, et al., 2024). Apart from that, efforts have been made to
estimate and analyze the global solar irradiance based on models and compare them with the measured data
from DHM (Adhikari, Bhattarai, & Gurung, 2013). There are not much literatures done in Nepal for the
analysis of solar radiations especially, the analysis of Direct Normal and Diffuse Horizontal radiation, which
may be due to lack of data or solar measuring stations to measure them.

This paper presents the analysis of much precise ground measurements of direct normal, diffuse and global
horizontal irradiances obtained from solar measurement station installed at a building in Kathmandu. The
data recordings of six months are analyzed to obtain maximum and minimum daily and monthly average
solar irradiances. Six months averages of GHI, DNI and DHI are also calculated using the data.

2. Materials and Methods

The thermopile-based sensors, 1-pyrheliometer for the measurement of DNI (Class A, CHP 1) and
2-pyranometers (Class A, CMP 21) for the measurement of GHI and DHI (pyranometer with shading ball)
are mounted at a height of 2m on a 2D-SOLSYS2 solar tracker manufactured by Kipp & Zonen as shown
in Fig 1. The solar station is located on the roof of Block-B at Pulchowk Campus (27.6815° N 85.3186°
E). Per minute average data of irradiances are recorded on a data logger. The sun tracker and sensors were
calibrated. They were well maintained and cleaned on a daily basis. The installation was a part of Renewable
Energy Resource Mapping and Geo Spatial Planning Project (ID: P150328), supported by Energy Sector
Management Assistant Program (ESMAP), administered by the world bank.
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Figure 1: 2D-Solsys2 solar tracker mounted with the sensors

The data for a period of six months (Jan-June, 2019) are extracted from the data logger and are analyzed
to obtain daily and monthly average values of GHI, DNI and DHI. Similarly, the days with maximum and
minimum daily and monthly average value all three irradiances are also obtained. A min-by-min plot of
GHI, DNI and DHI of March 22, 2019 is also presented to see intermittency and differences of incoming
solar irradiances. An hourly average value of all three different irradiances for 21* day of each month is also
presented to compare the difference in irradiances.

3. Results and Discussion

3.1 Daily Average Irradiance
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Figure 2: Daily average value of GHI, DNI and DHI
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The daily average irradiance plot of Global Horizontal, Direct Normal and Diffuse Horizontal Irradiances
from Jan 1 to Jun 30, 2019 for Kathmandu is shown in Fig 2. The maximum daily average is found on March
12 (GHI=471.92 W/m? DNI=570.6 W/m?) and June 30 (DHI= 247.15 W/m?®) whereas, the minimum daily
average was all found on April 6 with GHI=79.73 W/m®, DNI= 3.81 W/m* and DHI= 83. 27 W/m". The
daily average values of GHI, DNI and DHI for six months are found to be 824.194, 294.07 and 157.078 W/
m* respectively.

The plot clearly shows that for winter days between Jan to March, DNT is higher than GHI whereas, in the
summer days between Apr to June, DNI is lesser than GHI (World Bank, 2021) (Jia, et al., 2021). This is
because the winter days in Kathmandu has less rainy days in comparison to summer days (Acharya & Devkota,
2023). Thus, the atmospheric aerosol concentration is much higher due to the emission from vehicles and
industries. The aerosol concentration absorbs the incoming solar irradiances and also scatters them due to
which sufficient irradiances couldn’t reach the earth (Sah Telee, Chaudhary, Yadav, & Karki, 2024) (Dumka,
Kosmopoulos, Ningombam, & Masoom, 2024).

3.2 Monthly Average Irradiance
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Figure 3: Monthly average value

The monthly average irradiance plot of GHI, DNI and DHI is shown in fig 8. The maximum monthly average
irradiance for GHI and DNI are found on March (GHI=374.56 W/m®, DNI= 387.75 W/m?) whereas for
DHI, the maximum was found on June (DHI= 188.89 W/m?). Similarly, the minimum monthly average for
GHI and DHI are found on Jan (GHI= 256.4 W/m?*, DHI= 124.19 W/m?) but the minimum average DNI
is found on June (DNI1=250.25 W/m?). The plot clearly shows that the monthly average of DNI is clearly
higher than GHI for the winter months (Jan to March) and the case is opposite for the summer months (April
to June). The six months average for GHI, DNI and DHI are found to be 322.49, 308.735 and 156.177 W/
m” respectively.
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3.3 Hourly Average Irradiance
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Figure 4: Hourly variation of GHI and DNI, 21* day, Jan to June, 2019.

Table 1: Daily average value of GHI and DNI for 21** day, Jan to June, 2019

T T
15pm 18pm 17PM  1gpm  19pm

Day GHI (W/m?) DNI (W/m?)
Jan-21 302.13 352.43
Feb-21 373.49 453.58
Mar-21 44464 469.41
Apr-21 340.96 210.83
May-21 327.56 187.82
Jun-21 346.40 2883.24

Similarly, an hourly average irradiance of GHI and DNT are plotted for 21 day of each month as shown in
fig 5 and daily average value for those days is presented in table 1. The plot and values in the table clearly
shows that DNI for the winter days (Jan, Feb and March) is higher than GHI whereas, DNI for summer days
(Apr, May and June) is lower than GHI hence, the result obtained is consistent.

3.4 A min by min plot for a day
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Figure 5: Min by min plot, 22/03/2019
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To turther analyze, a min by min plot on March 22, 2019 is shown in fig 4, which clearly shows the
intermittency and differences of all the incoming solar irradiances of that day. The plot clearly shows that
GHI is slightly higher than DNI for only few hours whereas, DNI for the particular day has higher values for
the remaining sunshine hours. The daily average DNI (505.17 W/m®) for the day is found to be higher than
GHI (443.88 W/m?).

4.. Conclusions

An analysis of global horizontal irradiance, direct normal irradiance and diftuse horizontal irradiance data of
six months (Jan to June, 2019) obtained from highly precise solar measurement station installed at Kathmandu,
Nepal is presented here. The solar station is equipped with three well calibrated sensors of pyranometers and
pyrheliometer for the measurement of" all three irradiances (GHI, DHI and DNI) on a solar tracker. The data
are analyzed to obtain maximum and minimum averages of daily and monthly irradiances.

Results show that monthly average DNI in Kathmandu is found to be higher than GHI for the winter (Jan to
March) whereas, in the summer (Apr to June), DNI is lesser than GHI. This is because winter in Kathmandu
has less rainy days and the concentration of aerosols like dust and smoke is much higher than in summer.
The highest daily average is found on March 12 (GHI=471.92 W/m®, DNI=570.6 W/m®) and June 30
(DHI=247.15 W/m?) whereas, the minimum daily average were all found on April 6 (GHI=79.73 W/m?,
DNI=3.81 W/m* and DHI=83. 27 W/m?). The six months average of GHI, DNI and DHI are found to be
322.49, 308.735 and 156.177 W/m" respectively with highest monthly average on March (GHI=3874.56 W/
m®, DNI=3887.75 W/m?) and June (DHI= 188.89 W/m®). Similarly, minimum monthly average is found on
Jan (GHI=256.4 W/m?, DHI=124.19 W/m®) and June (DNI=250.25 W/m?).
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