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A study of solar panel efficiency in Latvian climate conditions 
 

1. Introduction  

To reduce the greenhouse gas output into the atmosphere, renewable energy sources are 
considered as a solution ever more seriously [1]. Especially popular is the photovoltaic (PV) 
technology due to its low maintenance cost and a simple installation process [2]. For nearly zero 
energy buildings (NZEB), solar panels could significantly reduce the energy consumption from 
conventional sources (i.e. electricity, steam) [3]. The efficiency of conversion from solar to electrical 
energy depends on the ambient temperature and decreases for higher temperatures [4]. There are 
two types of solar panels: mono- and polycrystalline (MC and PC, respectively). Generally, the MC 
panels are more efficient and are superior in warm countries such as Egypt [5]. However, in a 
temperate climate with relatively high cloudiness, the advantages of the MC panels must be 
studied further. Cloudiness is difficult to predict, so long-term observations are needed, but the 
average annual cloud indexin 2019 in Riga, Latvia was 5.91 [6]. The cloud index used in this 
research is derived from a meteorological station that uses the traditional coefficient determination 
method [7]. 

In this manuscript, we compare two types of MC and PC solar panels in the temperate 
Latvian climate. The panels were arranged in pairs, with different orientations – south (S), east (E) 
and west (W) – and at different angles with respect to the ground. Theoretically, the optimum angle 
for panels in Latvia is 80° in winter, 57° in spring/autumn and 34° in summer, oriented due South 
[8]. The optimum angle considering the changes in the solar radiation intensity (SRI) over months, 
calculated according to the Solar Electricity Handbook, is 39° [9]. Here the energy losses of 
inverters, batteries and system logical components were not considered. This work is focused on 
energy produced by solar panels. Therefore, in real conditions, the end consumer will receive less 
energy than is produced. The purpose of this study is to determine the practical achievable 
efficiency of PC and MC solar panels depending on their orientation. Previous studies conducted in 
the Latvian climate assessed the effectiveness of panels in general [10]. Here we compare the 
performance of two panel types. 

2. Installations  

2.1. System characteristics  

The solar panel system installed at the Botanical garden University of Latvia (UL), has two 
types of panels – JAP60-275/4BB (PC) [11] and LG365Q1C-A5 (MC) [12]. The basic panel 
specifications are given in Table 1. 

The efficiency coefficients of these panels are given per the standard test conditions (STC): 
25°C ambient temperature, 1000 W/m2 SRI, etc. 

 
Table 1. Specifications for the PC and MC solar panels 

Abbreviation JA LG 

Model JAP60-275/4BB LG365Q1C-A5 

Panel type 

 

Polycrystalline Monocrystalline 

Surface area, 
m2 

1.64 1.72 

Efficiency, % 16 20 

Maximal 
power 

200 275 
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According to the reference guides provided by the manufacturers, LG is expected to perform 
better on days with high SRI [12], whereas JA will perform better in an environment with lower SRI 
[11].  

The panel system consists of 10 solar panels set up in five different orientations such that 
panels of either type, MC or PC, are tested for every orientation. To be concise, we designate a 
panel facing the cardinal direction X at an angle Y to the horizon as XY. There are two groups of 
orientations: 

  E13, W13, S13 

  S40, S90, S13 
The orientation was chosen according to the information about the typical engineering 

solutions in Latvia received from building experts. The panels have been set up on the roofs of the 
buildings to reduce shading by the surrounding objects such as trees (Figure 1). 

2.2. System description  

The electrical circuit of the system installed in the Botanical garden consists of 11 different 
types of components and is shown in Figure 1.  

 

Figure 1. The electrical scheme of the solar panel system. 

The functions of each component are as follows: 
1. Solar batteries – conversion of the solar energy in electrical current.  
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2. SmartSolar MPPT (maximum power point tracking) - a solar charger that collects the 
energy from the solar panels and stores it in the batteries. 

3. A DC fuse cabinet – if necessary, isolates the connection from the power supply. 
4. Cyrix-Li-Charge 12 / 24V -120 A – a charge limiter that triggers if the battery voltage is 

above a critical threshold or if elevated temperature is detected. 
5. A melting fuse – melts in case of an overload, preventing damage to other tools. 
6. A LiFeO4 battery 13.8V / 90Ah BMS (building management system). 
7. A shunt – a low resistance path connected in parallel to the main link of the electrical 

circuit to reduce the current through it. Used in the PV systems to avoid unwanted short circuits 
between the front and the rear surface contacts of the solar cell. 

8. The BMV-702 smart battery monitor – calculates the battery voltage, current, the number 
of ampere hours consumed, and other parameters. 

9. VE.BUS BMS – a battery control unit that protects against battery damage due to the 
charge imbalance. The battery control unit equates the charge level on two battery strings or on 
many battery strings connected in parallel. 

10. Octo GX – a communication center with a remote console for monitoring live data and 
changing the settings. It can be accessed through the Victorn Remote Management Portal 
(VRMP). 

11. MultiPlus 24/3000 / 70-16 230V VE.Bus – a stand-alone charger that takes over the 
power supply within < 20 ms in the event of a mains emergency or a generator disconnection so 
the electronic equipment continues to operate uninterrupted. 

Data are retrieved by connecting to a remote access site that displays the data. We 
encountered several technical difficulties when processing the data from the solar panels. Data 
from the solar panels are transferred via internet connection and stored in the Victron energy 
database to which access is possible via the VRMP. The portal offers a graphical representation of 
the data with the option to select almost any required parameter and the desired time interval. 
Unfortunately, data processing with the VRMP is slow and complicated. Another issue is that the 
data on this portal is stored for only 6 months, which prohibits long-term monitoring. Therefore, an 
automated data download tool was developed, to regularly download the data and upload it to the 
UL server for storage and processing. Initially, reading graphs from the VRMP website code and 
converting their data into numerical data was considered, but this was impractical. However, the 
VRMP offers a data download option that provides a file containing the numerical data for the 
selected time interval. This exploited using the Python module Selenium (a popular open-source 
web-based automation tool). It simulates the user behavior in a web browser program. Using 
Selenium, a program was built that automatically downloads the data and then uploaded it to the 
UL server. The program works as follows: 

1. Open a web browser (here, Chrome was used) 
2. Go to the VRMP 
3. Log in 
4. Select the appropriate buttons to navigate to the section on the portal where the data 

can be downloaded 
5. Request a data download 
6. Wait until the data download is completed 
7. Close the web browser 
8. Upload the data from the computer to the UL server 
9. Delete the data from the computer 

Several technical difficulties must be noted: a specific version of the Chrome driver is needed 
to open the corresponding version of the web browser. A Chrome driver enables Selenium to 
submit commands to the web browser. If the web browser is updated, one may have to change the 
driver version. To select the appropriate buttons for navigation through the VRMP, the HTML script 
of the website had to searched for the correct tags to feed to the Selenium-based program. The 
computer must simulate a real user clicking buttons and account for the time it takes for the web 
page to load. To confirm that the data download has taken place, the Python module OS is used to 
scan the folder where the downloaded file should be and wait for the file to appear. The NcFTP 
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software is used to upload the file to the server. With the help of the Python modules OS and Glob, 
the file is then deleted from the computer. The program is run every night a few minutes before 
midnight using Crontab, a task scheduling program built into the Raspbian operating system.  

An issue was found while testing the program. The download sometimes failed due to an 
unstable or slow internet connection. A control mechanism was set up as a solution: 

1. Determine the number of files in the data folder on the server  
2. Start the file fetching program 
3. The number of files in the server’s data folder is checked again 
4. If this number has not changes, this control mechanism is restarted 
5. The process is repeated until the new data file is successfully uploaded to the server, 

or after 5 unsuccessful attempts, in which case a failure warning is e-mailed to the 
responsible UL employee. 

Even with the control mechanism, one must anticipate the possible technical malfunctions. 
The amount of processed data is large, and the program is run on a RaspberryPi device, which 
may malfunction due to prolonged continuous use. 

While there is room for improvement, the current version of the data fetching software is 
reliable enough for the task at hand.  
 

 

Figure. 2. The solar panel system in the Botanical garden (UL, Riga). 

Ten parameters that describe the power output of the solar panels are selected, normalized 
by the panel surface area, and used to calculate kilowatt-hours of produced energy. 

Several defects in the datasets were found. Registered data points were non-uniform in time. 
Ideally, the data points should be spaced minute-by-minute, but there are cases where the data 
points are one or two seconds apart. The data were averaged with a minute-wide window to avoid 
artefacts during integration. There were also several minute-long intervals with no recorded data. 
These occurred when the power output momentarily dropped to zero. If this decline were slower, it 
could have been explained by cloud shading. 
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3. Results 

We analyzed the amount of energy that the solar panels can potentially produce by 
assessing the incidence angle of the solar radiation and its intensity (W/m2). The latter depends on 
the season, the time of day and the cloud index. For example, in Figure 3a one can see the SRI on 
a horizontal surface on different sunny winter and summer days, as well very clear and very cloudy 
days in summer. The solar energy accumulated by the panels in the same season can differ by a 
significant factor. In ideally sunny weather in June, the maximum flux on the horizontal surface 
reaches 1250 W/m2, but on a sunny day in the end of January it is only 300 W/m2. There is also a 
big difference in daylight hours between seasons. The daylight time is almost 3 times longer in 
June (17 h 50 min) than it is in December (6 h 40 min). In addition, daily variations in the radiation 
incidence angle result in up to a tenfold variation in the accumulated energy. In 2019, the received 
solar energy in December versus June differed by a factor of 30 (Figure 3b). Measurements of the 
SRI over six years show that there are significant yearly variations. For instance, in April 2015 the 
intensity was nearly twice lower than in April 2019 due to cloudiness (Figure 3b). This is also 
observable in winter, as seen in Figure 3a. This motivates long-term monitoring to determine the 
actual efficiency of panels. 

 

Figure. 3. (a) SRI over one day in different seasons and for different cloudiness and (b) the supplied solar 
energy to a horizontal surface over a period of six years. 

If the solar panels are placed vertically – for example, as a part of the southern wall structure 
– the amount of energy is comparable to other orientations. This, however, is only true in October 
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through March and the energy output is much lower throughout rest of the year. Especially in 
summer months, their efficiency can be twice lower than for the better placed panels (Figure 3a). 
The panels on the walls of small buildings are likely to be overshadowed by objects in the 
environment, further reducing the energy yield. In contrast, the S40 panels produce noticeably 
more energy in autumn, winter and spring, and generate the most energy in summer. However, in 
summer months the performance of the S13, E13 or W13 panels perform equivalently or better. If 
the S13 panels are used as a reference, comparing the other orientations with the same panel type 
(MC or PC) to S13 yields a difference of up to 22% in produced energy for PC and up to 24% for 
MC (here the vertical panels were not considered). 

 

 

Figure. 4. (a) Energy generated by the MC panels each month by different orientations and (b) the total 
generated energy in 2019 by differently oriented panels. 

However, for angles close to 0o the energy production in winter can be reduced even more 
due to snow, as was the case in January 2019 (Figure 4a). Also, the 40° solution is more 
appropriate for slanted roofs, while a 13° orientation could be more convenient for flat roofs. 
Typically, 90% of the yearly energy output is produced from March to September (7 months). This 
implies that PVs can be used for powering cooling and ventilation systems in the warm season, but 
in winter PVs are not efficient enough to power heating systems and one should instead rely on 
solar collectors. During wither, there is little difference in the performance of PC versus MC panels 
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(Figure 5a shows the comparison for January). However, the energy yield in winter is too low to be 
considered. In contrast, in summer months (Figure 5b) the MC panels can generate 30-40% more 
energy than the PC panels. The impact of the panel orientation is relatively small in June as well. 
Again, the S90 panels generate only slightly more than 50% of the energy generated by the panels 
with other orientations. Since most of the energy output is produced in summer, it is not surprising 
that the MC panels generated on average 33% more energy than the PC panels (the S90 
orientation was not considered). Table 2 shows the comparison for different orientations. According 
to the data for 2019, the maximum efficiency is achieved by S40 (Figure 4b). However, data for 
several more years must be collected to generalize. 

 

Figure. 5. Comparison of the generated energy for PC and MC panels in (a) January and (b) June 2019. 

Table 2. Energy generated by MC and PC panels over a year depending on their orientation, normalized to 
the output of the S13 panels. 

Orientation S40 S13 E13 W13 S90 

Normalized 
energy 
output 

1,35 1,34 1,40 1,24 1,32 

 

Measurement results also allow to assess the actual efficiency by using the SRI measured 
for a horizontal surface as a reference (Figure 3b). Of course, the efficiency depends on panel 
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specifications, the temperature regime and other factors. The PC panel efficiency decreases by 12-
14% in June and July and is twice lower than in winter months. This is most likely due to panel 
overheating which reduces efficiency (Figure 6). The efficiency of the MC panels in June is 17-
19%. This indicates that they are less susceptible to overheating which agrees with the panel 
specifications. The average efficiency over a year (PV-generated versus the total solar energy) for 
the 40° and 13° panel orientations is up to 21% for MC and up to 16% for PC. This means that the 
actual efficiency in Latvian climate is relatively close to the values expected in the standardized 
conditions. However, the users should consider that there are also transformer, transmission and 
storage losses, which are not considered in this report. 

 

Figure 6. Solar panel efficiency by month. 

Only the data for 2019 data from the test side are currently available for analysis. More long-
term monitoring will certainly give more accurate results. Note that this assessment does not 
consider the energy losses that occur in the inverter and transmission circuits, which, according to 
experts, are up to ~ 5%. Therefore, for comparison, we use the data of the solar panel power plant 
installed by Ulbroka LLC. The station has been operating since 2015. The station’s 20 Sharp ND-
R245A5 245 W PC panels on its roof are oriented due south at ~ 13o with respect to the horizon, 
which corresponds to one of the panel groups in the test side, D13. The energy losses due to the 
inverter are also factored into the data of Ulbroka LLC. Taking this the slightly lower (9%) rated 
power of the panels installed there into account, the agreement between the results can be 
considered very good – 1 panel produces 123 kWh of energy per year (including losses) at the 
station versus 137.5 kWh at the test site (11% difference, see Figure 7). This verifies the reliability 
of the data gathered for other panels orientations as well. The data will later be verified again by 
comparing them with other solar panel installations in Latvia. 
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Figure 7. Energy produced in 2019 by the PC D13 panel at the Botanical Garden (by months) versus the 
energy yield of the panel at the Ulbroka LLC power plant. 

 

4. Conclusions 

The results from the first year of monitoring solar panels of various types and orientations in 
Latvian climate indicated that the difference in energy efficiency and the amount of generated 
energy between feasible orientations is < 20%. However, the MC panels can produce up to 40% 
more energy than the PC panels with identical orientations. The actual efficiency indicators for 
panels, 16 % for PC and 21% for MC, correlate well with the values that were determined for PC 
and MC in standard conditions. However, the energy yield in winter months (October – February) is 
< 10% total, which is insignificant. To account for the impact of cloudiness on the SRI over different 
years, further monitoring is planned. Energy losses in the system and financial aspects will also be 
addressed so that the results can later be generalized.  
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