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A B S T R A C T  

 

The output power of a Solar Photovoltaic (SPV) plant depends mainly on the solar irradiance on the photovoltaic 

(PV) modules. Therefore, short-term variations in solar irradiance cause variations in the output power of solar 
power plants, making solar photovoltaic grid integration unstable. Solar irradiance variations mainly occur due 

to the weather conditions of a given location, especially the movement of clouds and seasonal effects. 

Consequently, assessing the variability of solar irradiance over the course of a year is essential to identify the 
extent of these variations. Geographical dispersion and cloud enhancement are two important factors affecting 

output power variations in a PV plant. Geographical dispersion reduces such variations, while cloud 

enhancement increases them. This study utilizes two ground station-based solar Global Horizontal Irradiance 
(GHI) datasets to assess the viability of solar irradiance in the Chittagong division of Bangladesh. The analysis 

reveals a significant number of days with high short-term solar irradiance variation. In addition to solar 

irradiance, the frequency and voltage at the interconnection point are important for safe grid integration. It was 

observed that the grid frequency exceeded the range specified by the International Electrotechnical Commission 

(IEC), but remained within the grid code range of Bangladesh. Grid voltage variation at the interconnection 

substation was found to be within the standard range during the daytime, but low voltage was observed at the 
grid level during the rest period. Therefore, it is crucial to implement necessary preventive measures to reduce 

short-term variations for the safe grid integration of large-scale variable SPV plants. 

https://doi.org/10.30501/jree.2023.377735.1522 

1. INTRODUCTION1 

Global irradiance, a summation of direct irradiance and 

diffuse irradiance (including reflected irradiances), depends 

on the wind speed and cloud patterns that are the driving 

forces of variations of solar power (Blanc et al., 2014; Järvelä 

et al., 2020; Keeratimahat et al., 2019). Solar photovoltaic 

systems collect energy from the sun in a spatial dimension 

(Jazayeri et al., 2017). Therefore, it is important to understand 

the amount of variability of solar irradiance in the area with 

solar power systems. Variable Renewable Energy (VRE) 

adaptation capability of the electricity network depends on the 

amount of variability of the output power of the Solar 

Photovoltaic (SPV) plant. The movement of the cloud creates 

shadows on the Photovoltaic (PV) modules and changes the 

incidence of solar irradiance (Ahmed et al., 2020). The output 

of the PV system varies accordingly and provides a great 

effect on the integrated electric system (Tahir & Asim, 2018). 

For example, the Teknaf 20MW Solar plant, connected to a 

33kV distribution substation of Cox’s Bazar Palli Bidyut 

Somity of Bangladesh, faced unexpected shutdown due to 

protection sensitivity, long distribution line faults, and 

dynamic change of load flow. The maximum load of the 

Teknaf area was around 25MW and connected to the Cox’s 
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Bazar grid substation through a 33kV 80km long transmission 

line (Kainat et al., 2021).  

Geographical dispersion and cloud enhancement are two 

important factors. The geographic dispersion of solar-

photovoltaic panels reduces variability in energy production. 

In the study of geographic dispersion, Van Haaren et al 

characterized the variability in power output of six 

photovoltaic plants based on minute-averaged radiation data 

from each plant and the output from 390 inverters. They found 

maximum ramp rates of 0.7, 0.58, 0.53, and 0.43 times the 

plant’s capacity for 5, 21, 48, and 80 MW AC plants, 

respectively, due to geographical dispersion. The study was 

conducted by simulating a step-by-step increase in the plant 

size at the same location (Van Haaren et al., 2014). On the 

other hand, the Cloud Enhancement (CE) or over-irradiance 

or irradiance enhancement can exceed the expected clear sky 

irradiance value during partly cloudy days. The CE 

phenomenon can be observed all around the world, but the 

amount may vary from place to place. Järvelä et al. (Järvelä 

et al., 2020) measured solar irradiance on such days that might 

be increased up to 1.5 times the clear weather days for some 

time. The output power fluctuation of the SPV power plant 

increases due to CE. 

2423-7469/© 2023  The Author(s). Published by  MERC. This is an open access article under the CC BY license
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Variation in the amount of solar irradiance depends on the 

location-specific weather status and cloud pattern of that 

place (Sengupta et al., 2018). Solar research focuses on 

understanding historical solar resource patterns and making 

future predictions, both of which are needed to support 

reliable power system operations (Sivaneasan et al., 2017). As 

solar technologies mature, more and increasingly larger solar 

energy systems are installed across the country (Shuvho et al., 

2019). Financing these systems requires assurance that they 

will produce the energy predicted through performance 

models (Boopathi et al., 2021; Van Haaren et al., 2014). 

Failing to meet the minimum energy performance 

requirements can result in financial penalties, requiring 

expensive risk mitigation measures. Accurate solar irradiance 

data sets include the foundation of a successful performance 

model and are critical in reducing the expense associated with 

mitigating this performance risk (Denholm & Margolis, 2007; 

Karthikeyan & Janarthanan, 2017). Those data are available 

from Satellite and Ground station-based sources (Choi et al., 

2019; Zhang et al., 2017). Ground station-based solar 

irradiation data is more reliable than Satellite source-based 

solar irradiation data (Carmona et al., 2018; Wei, 2017). 

Pyranometer, Pyrheliometer, and sun-tracker are used in 

ground station-based solar radiation measurement stations 

(Jamil & Akhtar, 2017). 

This paper aims to highlight the challenges concerning the 

grid integration of the SPV plant, especially analyzing the 

variation of solar irradiance in Bangladesh. To this end, the 

following issues are to be addressed:  

a) Grid reliability parameters like frequency variation 

and voltage variation in a nearest SPV plant have 

been assessed to identify the interconnection 

aspects; 

b) Daily solar irradiance scenario has been assessed for 

a year for two case study sites to understand the 

seasonal effect and variation patterns in a day; 

c) Basic comparative analysis of daily solar irradiance 

data between two sites is conducted. 

Solar irradiance studies concerning the safe grid integration of 

solar photovoltaic power plants are very scarce in Bangladesh, 

although numerous SPV plants are established in different 

divisions of the country. In this regard, the paper is organized 

in the following manners: the first section describes the need 

for the research, objectives, and approach. The second section 

describes the case study site and data source; the third section 

describes the research methodology in detail; the fourth section 

presents the important findings and discussion according to the 

research methodology. Section 5 discusses the comparative 

scenario between the two case study sites. The sixth section 

discusses the research findings, recommendations, and further 

research opportunities. 

2. DATA 

2.1. Kaptai 7.4MW Solar Power Plant 

The Kaptai 7.4MW Solar Power Plant is located beside the 

Kaptai hydroelectric dam at the Rangamati district of 

Chittagong division, Bangladesh. The plant achieved 

commercial operation on 28 May, 2019 and was the 4th utility-

scale solar park installed in Bangladesh (Annual Report 2019-

2020 of SREDA, 2020). It is operated by the Bangladesh Power 

Development Board (BPDB), a state-owned power generation 

and distribution utility in Bangladesh. The latitude and 

longitude of the site were 22.491945 and 92.227349, 

respectively. The solar irradiance data were recorded by a 

pyranometer and datalogger at the mentioned solar plant. 

Calibrated pyranometers were used at the site. The recorded 

Global Horizontal Irradiance (GHI) data were used for 

understanding the solar insolation status of that place. The data 

averaging frequency was 10 minutes and the unit was in W/m2. 

Since the less precise time-scale solar irradiance data were not 

available in that solar power plant, the mentioned data were 

obtained for this variation analysis.  

2.2. National Solar Radiation Resource Assessment 

Station, Chittagong 

The Sustainable and Renewable Energy Development 

Authority (SREDA), the nodal agency of Bangladesh aiming to 

promote Renewable Energy and Energy Efficiency in the 

country, has installed eight solar radiation resource 

measurement stations in different locations of Bangladesh 

under a Global Environment Facility (GEF) funded project 

‘Sustainable Renewable Energy Power Generation 

(SREPGen)’. Locations of the solar resource monitoring sites 

are Rangpur (Begum Rokeya University, Rangpur), Rajshahi 

(Rajshahi University of Engineering and Technology), 

Mymensingh (Bangladesh Agricultural University), Sylhet 

(Shahjalal University of Science and Technology), Kushtia 

(Kushita Police Line), Khulna (Khulna University), Patuakhali 

(Patuakhali Science & Technology University), and Chittagong 

(Chittagong University of Engineering and Technology). The 

resource monitoring stations of Rajshahi and Patuakhali have 

advanced facilities including Pyrheliometer and sun tracker 

systems. Most of the stations are located at public universities 

in different regions of Bangladesh. Out of these eight solar 

radiation resource measurement stations, the Chittagong 

division’s site is located at the Chittagong University of 

Engineering of Technology (CUET) campus, Raojan, 

Chittagong. The latitude and longitude of the site are 22.463998 

and 91.973298, respectively. Global Horizontal Irradiance 

(GHI), Diffuse Horizontal Irradiance, and some weather data 

were recorded at a resource monitoring station. Only GHI data 

was used in this study to understand the variation analysis. This 

data was recorded by a Class-A calibrated pyranometer and its 

brand name was Kipp&Zonen. The data sampling frequency 

was 10 seconds and averaging frequency was 4 minutes. The 

maximum, minimum, and standard deviations of GHI data also 

were present with the average GHI data exhibiting a more 

precise scenario of solar irradiance variation. The locations of 

the selected sites are shown in Figure 1.
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Figure 1. Location of the selected case study sites for irradiation 

assessment (Customized Bangladesh Map - Google My Maps, n.d.). 

Figure 1 observes that the two sites are very close to each other, 

located in the Chittagong division of Bangladesh. According to 

the satellite-based solar irradiation data, developed by the 

Global Solar Atlas, a joint study of SOLARGIS, ESMAP, and 

the World Bank Group observed that the Chittagong division 

had the highest solar insolation among the other divisions’ solar 

insolation in Bangladesh (Global Solar Atlas, n.d.). Most of the 

publicly published solar irradiation data are very good for 

expected energy calculation but not suitable for analysis of the 

VRE integration aspect due to the unavailability of less-than-

minute time interval raw data on an open-source basis. 

3. METHODOLOGY 

The weather condition of any location varies from time to time 

due to seasonal changes, because the relative position between 

the sun and earth varies every day due to the change of 

declination angle and distance between them. There are 

summer solstice, winter solstice, and two equinoxes in a year. 

The weather conditions, especially clouds, and their patterns 

are different in different months due to several effects including 

the seasonal effect. Therefore, at least a whole year’s data is 

needed to be taken under consideration for variability analysis 

of solar irradiance of any location. 

The two nearest sites in Bangladesh have been selected for this 

analysis. The solar irradiance data (time series GHI data) of the 

Kaptai 7.4MW Solar Power Plant were recorded by a calibrated 

pyranometer and datalogger, as shown in Figure 2. The data 

averaging frequency was 10 minutes. Global Horizontal 

Irradiance (GHI) data of the CUET station were recorded by 

Class-A calibrated pyranometer (brand name: Kipp&Zonen). 

The data sampling frequency was 10 seconds and averaging 

frequency was 4 minutes. Collected daily time series solar GHI 

data were plotted to identify the daily irradiance status using 

MATLAB software, where the data unit is in W/m2.  

 

Figure 2. Data recording process. 

The pyranometer mentioned in Figure 2 is a sensor device that 

senses solar irradiance and gives an output value in W/m2 to the 

data logger through a digital communication protocol RS-485. 

Similarly, some other related sensors are connected with a 

datalogger to measure some related parameters like wind speed, 

wind direction, temperature, humidity, etc. A 4G-enabled sim 

card was connected to a data logger and the datalogger was 

sending the recorded data to the remote server through File 

Transfer Protocol (FTP). More than two power sources were 

connected to the datalogger to get interruption-free operation of 

solar irradiance data logging and transfer.  

Voltage and frequency data were collected from Teknaf 20MW 

Solar Power Plant, located at Teknaf, Cox’s Bazar, Bangladesh. 

Those data were recorded by an energy meter tested and 

installed by the power offtaker utility, Bangladesh Power 

Development Board (BPDB). Some voltage data of related 

33/11kV substation and grid substation were collected from the 

respective utility recorded data. The distribution grid level data 

provider was Cox’s Bazar Palli Bidyut Somity (PBS) and grid 

voltage level data were collected from the data published on the 

Power Grid Company of Bangladesh (PGCB) website.  

Figure 3 represents the daily solar irradiance status of the 

National Solar Radiation Resource Assessment (NSRRA) 

Chittagong station of Bangladesh where the Y-axis represents 

the solar irradiance and the X-axis represents the number of 

records with 4-minute-interval averaging data. The data 

sampling was 10 seconds. The mean, max, min, and standard 

deviation data were plotted to understand the solar irradiance 

variation, whereas max, min, and standard deviation data gave 

more confidence about the variation of solar irradiance.  

The daily solar irradiance data were plotted and their status was 

classified into four categories in the current study: Washout 

Days, High Variability Days, Low Variability Days, and Clear 

Days. The days on which maximum solar irradiance is limited 

to 300 W/m2 were classified as Washout days in this study. The 

days on which maximum solar irradiance is greater than 800 

W/m2 but so many ramp-ups and ramp-down events occur in 

those days with high ramp level (more than 400 W/m2) were 

defined as High Variability days. The more solar irradiance 

ramping gave more deep blue plots that help categorization, as 

mentioned above. If we expand a daily summary plot, then it 

will look like the following in Figure 3. If we compact this 

figure on X-axis, so many dark vertical lines will be observed. 

The Low Variability days are similar, but the ramp level and 

the number of ramps per day are comparatively lower, at least 

one-third of the high variability days at the reference level. 

Clear weather days are defined, where daily short-term 

variations are negligible and non-cloudy days. 
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Figure 3. Daily solar irradiance with high solar ramping. 

Given that we recognize the full-year solar ramping status, 

monthly summarized data are plotted in the result and 

discussion section to get the solar irradiance variation status 

using approximate daily classifications. Finally, monthly and 

yearly summary tables and bar charts are presented. This 

regional short-term variation analysis of solar irradiance is 

helpful to understand the requirement of ramp management 

support for safe integration of high VRE penetration into the 

grid. 

 

4. RESULTS AND DISCUSSION 

4.1. Voltage-frequency Status of an Interconnection Point 

The variable renewable energy resources like solar irradiance 

are responsible for the variation of the output power of SPV 

plants, creating an effect in the interconnection area of the 

utility network. The utility network itself is subject to some 

variation due to its instantaneous demand-supply management. 

The voltage and frequency of the interconnection point have 

also a key role to play in this regard. Therefore, it is important 

to understand the real scenario of those parameters. Some of 

those data were collected from Teknaf 20MW Solar Power 

Plant, located at Teknaf, Cox’s Bazar, Bangladesh. 

 

4.1.1. Voltage records at Teknaf solar power plant 

This 20-MW solar park is connected to a 33kV distribution 

substation operated by the Palli Bidyut Somity (PBS) of Cox’s 

Bazar of the Bangladesh Rural Electrification Board (BREB). 

Data were collected from Teknaf Solartech Energy Limited 

(TSEL), the operating subsidiary of Joules Power Limited 

(JPL). The finding on the 33kV grid voltage on the plant side is 

given below.  

 

Figure 4. 33kV grid voltage at Teknaf 20MW Solar Plant; Data 

source: TSEL. 

Figure 4 shows the 33kV grid voltage at Teknaf 20MW Solar 

Plant for 2 months, March-April 2019. These two months were 

selected as a sample among 12 months when electricity feeders 

were loaded with cooling loads. The grid voltage of the daytime 

was observed between 33kV and 28kV, which is within the -

15% range. In the rest of the time of the month, the low voltage 

was observed at the grid level. The collected data were recorded 

at the energy meter of the Teknaf 20MW Solar Power plant. A 

sample of the daily voltage profile among these 2 months (4 

April) at the plant level is shown in Figure 5 below. 

 

Figure 5. Grid voltage observed at Teknaf 20MW solar plant, 04 

April 2019; Data source: TSEL. 

 

According to Figure 5, grid voltage goes down beyond the 

standard level when the contribution of the Teknaf 20MW solar 

power plant is less or absent. The voltage fluctuates due to the 

amount of solar power generation and the load of the consumer 

in that area. Load change did not occur very quickly and 

frequently in a substation or feeder, but solar power generation 

changes very fast with the rapid change of solar irradiance with 

the time domain.  

4.1.2 Frequency records at Teknaf solar power plant 

After projecting the voltage data of the TSEL interconnection 

point, the recorded grid frequency data for the same period at 

Teknaf 20MW solar power plant is projected in Figure 6 below. 
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Figure 6. Grid frequency recorded at Teknaf 20MW solar power 

plant; Data source: TSEL. 

According to the standard of the International Electrotechnical 

Commission IEC 61727, the utility frequency needs to be 

maintained within ±2% (1 Hz) for safe and continuous 

operation of the Solar Power Plant (IEC 61727:2004 | IEC 

Webstore | Invertor, Smart City, LVDC, n.d.). However, this 

limit ranges from 47.5 Hz to 51.5 Hz in the grid code of 

Bangladesh, which is wider than the IEC range (Bangladesh 

Energy Regulatory Commission (Electricity Grid Code) 

Regulations, 2019, 2020). According to Figure 6, the frequency 

variation remains often within the IEC range, but it crosses the 

IEC range, sometimes. The operating frequency range of the 

Bangladesh Grid Code is wider than the IEC range and this 

variation is always within the grid code range. Grid-tied solar 

inverters are capable to maintain this frequency variation. The 

plant operator informed us that Solar Plants frequency settings 

of the Teknaf 20 MW solar plant were modified after reviewing 

the interconnection problem (Kainat et al., 2021). 

4.2 Solar Irradiance Data at Kaptai 7.4MW Solar Power 

Plant 

According to the data recording procedure mentioned in the 

methodology, the time series solar irradiance data of the Kaptai 

7.4MW Solar power plant were recorded into the data logger 

and remote server. The data quality was checked before using 

the collected solar irradiance data set. The solar GHI data of the 

Kaptai 7.4MW solar power plant were plotted on the monthly 

basis and observed in the daily condition as classified. Monthly 

plotted figures are given below:  

4.2.1. Solar irradiance observed in October 2019 

 

Figure 7. GHI Data of Kaptai, October 2019. 

 

Solar irradiance observed in the Kaptai 7.4MW solar power 

plant for the entire month of October 2019 is represented by a 

single line in Figure 7. The figure reveals clear weather days 

when solar ramping was not present. Some days look deep blue 

with different levels on Y-axis. Those were partly cloudy days 

and solar irradiance variation was present. More deep blue 

represents more ramping on that day. A ramping level can be 

identified by the height of the deep blue lines. Some full cloudy 

days are also present where the peak irradiance of those days is 

less than 300 W/m2. Therefore, according to the mentioned 

initial screening, around 50% of days are high solar resource 

variability, 3 days are washouts, and the rest are clear weather 

days. The highest solar irradiance level is around 1000 W/m2, 

while the lowest is around 250 W/m2. 

 

4.2.2. Solar irradiance observed in November 2019 

 

Figure 8: GHI Data of Kaptai, November 2019. 

Figure 8 shows that most of the days of November 2019 are 

clear weather days except variability-containing days. The 

highest solar irradiance level is around 950 W/m2, while the 

lowest is around 580 W/m2. 

 

4.2.3. Solar irradiance observed in December 2019 

 

Figure 9: GHI Data of Kaptai, December 2019. 

According to Figure 9, most of the days are clear weather days 

except for a few variability-containing days. The highest solar 

irradiance level is around 950 W/m2, while the lowest is around 

650 W/m2. 
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4.2.4. Solar irradiance observed in January 2020 

 

Figure 10. GHI Data of Kaptai, January 2020. 

Figure 10 shows solar irradiance observed in January 2020. 

According to Figure 10, it is observed that most of the days are 

clear weather days except for a few variability-containing days 

and washout days. The highest solar irradiance level is around 

850 W/m2, while the lowest is around 350 W/m2. 

 

4.2.5. Solar irradiance observed in February 2020 

 

Figure 11. GHI Data of Kaptai, February 2020. 

Figure 11 reveals that most of the days of February 2020 were 

clear weather days except few variability-containing days and 

washout days. Here the number of variability/washout days is 

lower than the previous figures. The highest solar irradiance 

level is around 830 W/m2, while the lowest is around 300 W/m2. 

4.2.6. Solar irradiance observed in March 2020 

 

Figure 12. GHI Data of Kaptai, March 2020. 

According to Figure 12, solar irradiance is observed to be clear 

weather days in March 2020 except few variability-containing 

days and washout days. The highest solar irradiance level is 

around 900 W/m2, while the lowest is around 250 W/m2. 

4.2.7. Solar irradiance observed in April 2020 

 

Figure 13. GHI Data of Kaptai, April 2020. 

Figure 13 reveals that the number of high solar resource 

variable days is more than 50%, a few are washout days and the 

rest are clear weather days. It is observed that clear weather 

days are decreasing and variability days are increasing as 

compared to the previous months. The highest solar irradiance 

level is around 1150 W/m2, while the lowest is around 150 

W/m2. The cloud enhancement is observed during the highest 

solar irradiance-containing day.  

 

4.2.8. Solar irradiance observed in May 2020 

 

Figure 14. GHI Data of Kaptai, May 2020. 

According to Figure 14, the number of clear weather days is 

quite small in May 2020. Most of the days are high solar 

resource variables, while few are washout days. The highest 

solar irradiance level is around 1100 W/m2, while the lowest is 

around 200 W/m2. The cloud enhancement is observed in a few 

days.  

 

4.2.9. Solar irradiance observed in June 2020 

 

Figure 15. GHI Data of Kaptai, June 2020.
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According to Figure 15, all days are high solar resource 

variables except a few washout days. There is no clear weather 

day. The highest solar irradiance level is around 1100 W/m2, 

while the lowest is around 150 W/m2. Cloud enhancement is 

observed on many days this month.  

 

4.2.10. Solar irradiance observed in July 2020 

 

Figure 16. GHI Data of Kaptai, July 2020. 

According to Figure 16, all days of July 2020 are high solar 

resource variables except a few washout days. There is no clear 

weather day. The highest solar irradiance level is around 1200 

W/m2, while the lowest is around 400 W/m2. Cloud 

enhancement is observed on many days this month. 

4.2.11. Solar irradiance observed in August 2020 

 

Figure 17. GHI Data of Kaptai, August 2020. 

According to Figure 17, all days of August 2020 are high solar 

resource variables except a few washout days. There is no clear 

weather day. The highest solar irradiance level is around 1200 

W/m2, while the lowest is around 450 W/m2. This month, cloud 

enhancement is observed on many days. 

4.2.12. Solar irradiance observed in September2020 

 

Figure 18. GHI Data of Kaptai, September 2020. 

According to Figure 18, most of the days are high solar resource 

variable days; a few are washout days and the number of clear 

weather days is less than five. The highest solar irradiance level 

is around 1150 W/m2, while the lowest is around 400 W/m2. 

Cloud enhancement is observed on many days of this month, as 

well. 

 

4.2.13. Solar irradiance observed for a year 

The daily irradiance status summary is shown below in based 

on the above one-year solar irradiance data assessment of the 

Kaptai 7.5MW Solar Power Plant. 

From, it is observed that only 105 days (29%) in a year are clear 

weather days, whereas 188 days (51%) are high solar resource 

variable days. Only 40 days (11%) are low variability days and 

33 days (9%) are washout days. Given that the high solar 

resource variability days of a year are more than 50%, it is 

important to take necessary preventive measures to minimize 

the output power variation of solar power plants for safe grid 

integration and high PV penetration, because the output power 

of the SPV plant is proportional to the input solar irradiance. 

This output power variation needs to be addressed by the 

alternative support system connected to the grid and nearest to 

the interconnection areas. Washout days, high variability days, 

low variability days, and clear days for a year are shown in 

Figure 19  as a monthly bar chart. 

Table 1. Yearly status of solar irradiance at Kaptai, Chittagong, 

Bangladesh. 

Month 
Total 

Days 

Washout 

Days 

High 
Variability 

 Days 

Low 
Variability 

Days 

Clear 

Days 

JAN 2020 31 3 4 4 20 

FEB 2020 29 2 4 3 20 

MAR 

2020 
31 3 9 8 11 

APR 2020 30 2 17 8 3 

MAY 

2020 
31 1 22 3 5 

JUN 2020 30 3 27 0 0 

JUL 2020 31 6 23 0 2 

AUG 2020 31 6 22 3 0 

SEP 2020 30 3 22 3 2 

OCT 

2019* 
31 2 17 4 8 

NOV 

2019* 
30 1 11 2 16 

DEC 

2019* 
31 1 10 2 18 

Total 366 33 188 40 105 

Percentage  9% 51% 11% 29% 

* Due to the unavailability of the data, the previous year’s data has been 
considered for 3 months 
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Figure 19. A yearly summary of daily solar irradiance, KAPTAI SP. 

According to Figure 19 , November to February have more clear 

weather days, while October and March have some clear 

weather days. On the other hand, the months of April to 

October have more high solar irradiance variability days, 

whereas June has the peak conditions in terms of the number of 

days. Every month has 1-3 washout days, but it is high (6 days 

in each month) in July and August.   

4.3 National Solar Radiation Resource Assessment Station, 

Chittagong 

The solar GHI data of the National Solar Radiation Resource 

Assessment Station, Chittagong were plotted on the monthly 

basis and the daily condition, which is classified and mentioned 

in the methodology section, was observed. Monthly plotted 

figures are given below: 

4.3.1. Solar irradiance observed in January 2020 

 

Figure 20. GHI Data of NSRRA CTG, January 2020. 

According to Figure 20, in January 2020, most of the days are 

clear weather days with few high variability days and one 

washout day. The average peak solar irradiance is 

approximately 700 W/m2, the highest solar irradiance level is 

around 1000 W/m2, and the lowest is around 400 W/m2. The 

cloud enhancement is observed in a few days of this month. 

4.3.2. Solar irradiance observed in February 2020 

 

Figure 21. GHI Data of NSRRA CTG, February 2020. 

In February 2020, as shown in Figure 21, most of the days are 

clear weather days with four high variability days and one 

washout day. The average peak solar irradiance is 

approximately 700 W/m2, the highest solar irradiance level is 

around 950 W/m2, and the lowest is around 400 W/m2. Cloud 

enhancement is observed in a few days of this month. 

 

4.3.3. Solar irradiance observed in March 2020 

 

Figure 22. GHI Data of NSRRA CTG, March 2020. 

According to Figure 22, in March, most of the days are clear 

weather days with 7 high variability days and 2 washout days. 

The average peak solar irradiance is approximately 850 W/m2, 

the highest solar irradiance level is around 950 W/m2, and the 

lowest is around 400 W/m2.  

4.3.4. Solar irradiance observed in April 2020 

 

Figure 23. GHI Data of NSRRA CTG, April 2020.
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In April 2020, as shown in Figure 23, only 7 days are clear 

weather days with one washout day and the rest of the days 

being high variability days. The average peak solar irradiance 

is approximately 900 W/m2, the highest solar irradiance level is 

around 1200 W/m2, and the lowest is around 400 W/m2. The 

cloud enhancement is observed in a few days of this month. 

4.3.5. Solar irradiance observed in May 2020 

 

Figure 24. GHI Data of NSRRA CTG, May 2020. 

According to Figure 24 (May 2020), only 5 days are clear 

weather days, while the rest of the days are high variability days 

including one washout day. The average peak solar irradiance 

is approximately 1000 W/m2, the highest solar irradiance level 

is around 1200 W/m2, and the lowest is around 400 W/m2. The 

cloud enhancement is observed in a few days of this month. 

4.3.6. Solar irradiance observed in June 2020 

 

Figure 25. GHI Data of NSRRA CTG, June 2020. 

According to Figure 25 (June 2020), there are no clear weather 

days. Most of the days are high variability days including a few 

washout days. The average peak solar irradiance is 

approximately 1000 W/m2, the highest solar irradiance level is 

around 1200 W/m2, and the lowest is around 150 W/m2. The 

cloud enhancement is observed in a few days of this month. 

4.3.7. Solar irradiance observed in July 2020 

 

Figure 26. GHI Data of NSRRA CTG, July 2020. 

According to Figure 26 (July 2020), there are no clear weather 

days. Most of the days are high variability days including a few 

washout days. The average peak solar irradiance is 

approximately 1000 W/m2, the highest solar irradiance level is 

around 1250 W/m2, and the lowest is around 400 W/m2. Cloud 

enhancement is observed on many days this month. 

4.3.8. Solar irradiance observed in August 2020 

 

Figure 27. GHI Data of NSRRA CTG, August 2020. 

According to Figure 27 (August 2020), there are no clear 

weather days. Most of the days are high variability days 

including a few washout days. The average peak solar 

irradiance is approximately 1050 W/m2, the highest solar 

irradiance level is around 1300 W/m2, and the lowest is around 

400 W/m2. Cloud enhancement is observed on many days this 

month. 

4.3.9. Solar irradiance observed in September 2020 

 

Figure 28. GHI Data of NSRRA CTG, September 2020. 

According to Figure 28 (September 2020), there are no clear 

weather days. Most of the days are high variability days 

including 4-5 washout days. The average peak solar irradiance 

is approximately 1000 W/m2, the highest solar irradiance level 

is around 1200 W/m2, and the lowest is around 600 W/m2. 

Cloud enhancement is observed on many days this month. 

4.3.10. Solar irradiance observed in October 2020 

 

Figure 29. GHI Data of NSRRA CTG, October 2020. 
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According to Figure 29 (October 2020), there are no clear 

weather days. Most of the days are high variability days 

including 1-2 washout days. The average peak solar irradiance 

is approximately 950 W/m2, the highest solar irradiance level is 

around 1300 W/m2, and the lowest is around 350 W/m2. Cloud 

enhancement is observed on many days this month. 

 

4.3.11. Solar irradiance observed in November 2020 

 

Figure 30. GHI Data of NSRRA CTG, November 2020. 

According to Figure 30 (November 2020), most of the days are 

clear weather days and the rest of the days are high variability 

days including 1-2 washout days. The average peak solar 

irradiance is approximately 800 W/m2, the highest solar 

irradiance level is around 900 W/m2, and the lowest is around 

300 W/m2. The cloud enhancement is observed in a few days 

of this month. 

4.3.12. Solar irradiance observed in December 2020 

 

Figure 31. GHI Data of NSRRA CTG, December 2020. 

According to Figure 31 (December 2020), most of the days are 

clear weather days and the rest 2-3 days involve a few 

variabilities. The average peak solar irradiance is 

approximately 700 W/m2, the highest solar irradiance level is 

around 850 W/m2, and the lowest is around 500 W/m2. The 

cloud enhancement is observed in a few days of this month. 

4.3.13. Solar irradiance scenario for a year 

The daily solar irradiance status is given below in Error! R

eference source not found. and Figure 32 based on the above 

one-year solar irradiance data assessment of the National Solar 

Radiation Resource Assessment (NSRRA) station, Chittagong. 

Table 2. Yearly status of solar irradiance at CUET, Chittagong. 

Month 
Total 

Days 

Washout 

Days 

High 

Variability 

Days 

Low 

Variability 

Days 

Clear 

Days 

JAN 2020 31 2 8 4 17 

FEB 2020 29 2 3 5 19 

MAR 2020 31 2 14 5 10 

APR 2020 30 4 20 4 2 

MAY 2020 31 4 22 2 3 

JUN 2020 30 3 27 0 0 

JUL 2020 31 5 26 0 0 

AUG 2020 31 2 29 0 0 

SEP 2020 30 0 30 0 0 

OCT 2020 31 2 28 1 0 

NOV 2020 30 1 13 5 11 

DEC 2020 31 0 4 2 25 

Total 366 27 224 28 87 

Percentage  7% 61% 8% 24% 

Table 2 shows that more than 50% of days in a year contain 

high solar variability. Approximately 10% contain washout 

days and another approximately 10% involve low variability 

days. Only approximately 25 – 30% of days are obtained as 

clear weather days.  

 

Figure 32. Yearly summary on daily solar irradiance, SRRA St., 

CTG. 

Figure 32 shows that the months of December to February have 

a higher number of clear weather days, while November and 

March have around 10 days with clear weather. In contrast, the 

months from April to October have more days with high solar 

irradiance variability, with June to October having the highest 

number of such days. March and November have a similar 

percentage of high solar irradiance variability days, close to 

50%. Each month has between 0 and 3 washout days, but April, 

May, and July have a higher number of washout days, around 

4 to 5 days per month.  

5. COMPARATIVE SCENARIO 

As shown in Error! Reference source not found. and Error! Re

ference source not found., the first case study site has 51% 

high variability days while the second case study site has 61% 

high variability days in a year. Similarly, their low variability 

days in a year were 11% and 8%, respectively. The monthly 

comparative analysis is presented in Figure 33.
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Figure 33. Comparative scenarios of the 2 case study sites on high 

variability days and low variability days. 

According to Figure 33, the monthly high variability days of 2 

case study sites are very close to each other although some 

significant differences are observed between August and 

November. In addition, monthly small variability days are very 

close to each other. Similarly, comparative scenarios of clear 

weather days and washout days are shown below in Figure 34. 

 

Figure 34. Comparative scenarios of clear weather days and washout 

days. 

Figure 34(a) represents the comparative scenarios between two 

sites on monthly clear weather days. The monthly clear weather 

patterns of the two sites look almost similar with a negligible 

difference in January, May, June, and September and a 

significant difference from October to December. Figure 34(b) 

represents the comparative scenarios between two sites on 

monthly washout days. Some significant differences were 

observed between the two sites, although limited to monthly six 

days. This yearly analysis of solar irradiance gives us the 

scenario of variation of solar irradiance and its major variation 

time. The alternative support system to meet the output power 

variation of the SPV plant requires planning according to the 

variation of solar irradiance. This assessment of the two sites 

gives a scenario of this region.  

Considering the minimum values, at least more than 50% of 

days in a year contain high solar irradiance variation. Around 

8% of days of a year are washout days, 10% of days are low 

variability days, and only approximately 25–30% of days are 

obtained as clear weather days. As observed, since 50% of the 

days in a year have high solar irradiance variability, it is crucial 

to consider this factor in the grid integration study of any 

proposed large-capacity solar photovoltaic (SPV) plant, 

because the output power of the SPV plant is directly 

proportional to the input solar irradiance. Also, geographical 

dispersion can reduce some ramping effects and cloud 

enhancement increases the solar ramping effect which can 

change the resultant effect in a few amounts. More precision 

time interval data can provide more reliable solar ramp 

management results but still, an approximate scenario was 

identified.  

This variable power output of the SPV plant creates a quick 

load flow change in the interconnection area of the utility 

network. Ramp rate and ramp level are important issues here. 

If the utility network is unable to manage such load flow in that 

area, then several adverse effects will be observed due to the 

integration of such variable renewable energy. Therefore, it is 

important to promote variable renewable energy like solar 

photovoltaic power plants in Bangladesh with safe grid 

integration including necessary correction measures.  

6. CONCLUSIONS 

Solar irradiance is variable in nature due to the weather 

conditions of that location. Yearly assessment is essential as 

seasonal variations are present in weather conditions. The 

important findings of this study are summarized below. 

a) The variation of grid frequency at the interconnection point 

of the case study site was observed although higher than 

the IEC range, but still within the grid code range of 

Bangladesh. Available grid-tied solar PV inverters were 

capable to operate within the range.  

b) Variation of grid voltage at the grid interconnection 

substation was found within the standard range in the 

daytime, but within the rest of the observed time period, 

the low voltage was witnessed at the grid level. However, 

the variation of grid voltage at the interconnection point of 

the case study site depended on the regional load, the 

generation capacity of the nearest power plant, the distance 

from the grid substation, the capacity of the grid 

transmission line, etc. It may vary based on the conditions 

of the interconnection points.  

c) According to the information of selected two sites (Kaptai 

7.4MW solar power plant and NSRRA, Chittagong), more 

than 50% of days in a year contain a high short-term 

variation of solar irradiance. Only 7% - 9% were annual 

washout days. 

d) Only 24-29% of days in a year were clear weather days 

where short-term variations of solar irradiance were not 

present. Also, 8%-11% of days in a year contained a low 

short-term variation of solar irradiance. 

e) Two case study sites were taken to get reliable results. The 

result of the two sites obtained from this study was very 

close to each other, which is acceptable. 

Therefore, for safe grid integration of large-scale variable solar 

power plants into the grid with high VRE penetration, it is 

essential to take necessary preventive measures to reduce the 

solar ramping. This result is a site or region-specific scenario 

that can reflect the SPV integration picture of Bangladesh. This 

assessment was conducted using existing time series solar 

irradiance data. More precision solar irradiance data will give a 

more reliable result for further study.  
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NOMENCLATURE 

BPDB Bangladesh Power Development Board 

BREB Bangladesh Rural Electrification Board 

BUET Bangladesh University of Engineering and 

Technology 
CASR Committee for Advanced Studies and 

Research 

CE Cloud Enhancement 

CUET Chittagong University of Engineering of 

Technology  
GEF Global Environment Facility 

GHI Global Horizontal Irradiance 

IEC International Electrotechnical Commission 

JPL Joules Power Limited 

NSRRA National Solar Radiation Resource 
Assessment 

PBS PalliBidyutSomity 

PGCB Power Grid Company of Bangladesh 

PV Photovoltaic 

SPV Solar Photovoltaic 

SREDA Sustainable and Renewable Energy 

Development Authority 

SREPGen Sustainable Renewable Energy Power 
Generation 

TSEL Teknaf Solartech Energy Limited 

VRE Variable Renewable Energy 
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