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Abstract. This study evaluates the performance of SoliTek SOLID B.60 bifacial photovoltaic panels in four Lithuanian cities; Vilnius, 

Klaipėda, Telšiai, and Dotnuva, each representing a distinct climate zone as defined in national classifications. Using the System Advisor 

Model (SAM) and standardized 2022 weather data from NSRDB, the same technical system and a merchant plant financial model were 

applied across all cities/ to ensure comparability. Key performance indicators; energy output, capacity factor, levelized cost of energy 

(LCOE), and Net Present Value (NPV) were analyzed. Results show Klaipėda outperforms other cities in both technical and financial 

metrics, while Vilnius yielded the lowest performance. The study highlights the advantage of using locally manufactured panels and 

consistent simulation parameters for realistic assessment. Use of interdisciplinary evaluation approach allows to take into account main 

technical panels’ performace indicators together with economic attractiveness. This approach is especially promising in the context of 

increasing global competition in the area of photovoltaic industry.  
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1. Introduction 

 

The global transition towards sustainable energy systems has intensified the focus on photovoltaic (PV) technologies, 

particularly in regions seeking to optimize local solar potential. In the European context, Lithuania presents a valuable 

case for PV deployment analysis due to its diverse climatic zones, increasing renewable energy targets, and the 

presence of local solar manufacturers like SoliTek. Previous research, such as the regional PV performance assessment 

conducted in Morocco (Aqachmar et al., 2020), demonstrated the importance of evaluating solar installations across 

varying climate conditions. Inspired by that methodology, this study investigates the performance of the SoliTek 

SOLID B.60 Bifacial 370W photovoltaic module across four representative Lithuanian cities; Vilnius, Klaipėda, 

Telšiai, and Dotnuva, each located within a distinct climatic zone identified in Lithuanian climatological studies 

(Akstinas, 2017). 

 

Using the System Advisor Model (SAM) (About - System Advisor Model - SAM, n.d.), a simulation-based software 

developed by the U.S. National Renewable Energy Laboratory (NREL), we applied a consistent technical 

configuration and a European merchant plant financial model to assess system viability. By standardizing system 

parameters and using 2022 Typical Meteorological Year (TMY) data from the NSRDB database (NSRDB, n.d.), this 

study aims to ensure comparability of results across all locations. 

 

The objective of this paper is to compare photovoltaic performance across Lithuania’s key climate zones using real 

climate data, while emphasizing the benefits of using locally manufactured PV panels. The study also aims to identify 

the most suitable zones for deployment and provide initial insights for future use of storage systems or net-zero energy 

solutions 

 

2. Literature review 

 

The deployment and performance assessment of photovoltaic (PV) systems have been widely studied to support 

renewable energy planning across various climates (Paiano et al., 2023; Tyagi & Kumar, 2024; Zhou et al., 2024)  

 

In Morocco, a study by (Aqachmar et al. 2020) compared PV performance across different climatic regions using 

simulations to identify optimal zones for solar energy deployment. This approach inspired the current study, 

emphasizing how geographical and meteorological diversity can affect solar output. The study focused on high-

concentration PV plants across six climatic zones in Morocco, demonstrating significant variations in energy yield, 

capacity factor, and LCOE depending on location. (Ayompe et al. 2010) evaluated the performance of a grid-connected 

PV system under Irish climate conditions, emphasizing the importance of using accurate local weather data in 

simulation tools to obtain realistic estimates. Similarly, (Erdinc, Paterakis & Catalaõ 2015) performed a techno-

economic analysis of PV systems in different regions of Turkey and identified how regional differences in irradiance 

and temperature impact the feasibility of solar deployment. Recent studies further highlight diverse PV applications: 

(Aktas & Ozenc 2024) analyzed the techno-economic and environmental aspects of a grid-connected college rooftop 

system, (Neama & Alfahed 2024) assessed residential-scale PV in Iraq, and (Zhang et al. 2025) evaluated community-

level BIPV systems, showing both aesthetic and environmental benefits. Together, these studies underline how context-

specific factors influence the viability and design of PV systems. 

 

Lithuania also shows climate variation across its territory, and (Akstinas, 2017) provided a detailed classification into 

four climate zones. The System Advisor Model (SAM) by NREL is frequently used in simulation-based PV research. 

(De Soto et al., 2006) validated models of irradiance and temperature in SAM, while (Blair et al., 2014) offer 

comprehensive documentation of its technical and financial simulation capabilities. In 2023, (Ayadi et al., 2024) used 

SAM (version 2023.12.17) to evaluate a 100 MW utility-scale bifacial PV plant in six desert regions, revealing low 

LCOE and high capacity factors, highlighting SAM’s utility across climates. Recent work by (Badran & Dhimish, 

https://jssidoi.org/ird/
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2024) also supports bifacial system use in temperate climates, showing 7 to 10% increased energy gain. Another study 

by (Sun et al., 2018) emphasized that bifacial panels mounted vertically or elevated can significantly increase yield up 

to 30% depending on albedo and design. 

 

Additionally, the role of locally manufactured PV panels has gained attention for both sustainability and energy 

security. According to IRENA (IRENA, 2022, 2023, 2025; IRENA Renewable Power Generation Cost, 2020; 

Renewable Energy Agency, 2024, 2025), localized production can enhance resilience to geopolitical tensions and 

reduce emissions associated with international logistics. Studies like those by (Kaldellis & Zafirakis, 2011) have also 

highlighted how using regional manufacturing capacities for renewable technologies strengthens national energy 
strategies. 

 
3. Methodology 

 

This study adopts a simulation-based approach using the System Advisor Model (SAM) developed by the National 

Renewable Energy Laboratory (NREL) to evaluate the performance of photovoltaic systems in different Lithuanian 

climate zones (see Figure 1). The methodology can be broken down into the following steps: 

2.1. Selection of climatic zones and key cities 

 

Figure 1. Climate regions of Lithuania and location of meteorological stations  

Source:  (Akstinas, 2017) 

 

Based on the climatic zone classification proposed by (Akstinas, 2017) this study categorized the country into four 

principal climatic regions. For each zone, a representative city was selected based on population density and 

geographical centrality: 

- Vilnius (Southeastern zone) 

- Dotnuva (Central zone) 

- Telšiai (Northwestern zone) 

- Klaipėda (Coastal zone) 

 

This zoning enabled a consistent comparative analysis of PV performance across distinct meteorological conditions. 

 

2.2. Weather data acquisition 

To ensure consistency and reliability in our simulations, we used Typical Meteorological Year (TMY) 2022 weather 

data from the National Solar Radiation Database (NSRDB, n.d.) managed by the National Renewable Energy 

Laboratory (NREL) in the United States. The NSRDB provides hourly weather data with high spatial resolution, based 

on information collected from satellites and weather stations, which helps maintain a consistent standard across all 

locations. For each of the four selected cities; Vilnius, Dotnuva, Telšiai, and Klaipėda, the following weather variables 

were used: 

https://jssidoi.org/ird/
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- Global Horizontal Irradiance (GHI) (Reno & Hansen, 2014) 

- Direct Normal Irradiance (DNI) (Blanc et al., 2014) 

- Ambient temperature 

- Wind speed 

- Relative humidity 

 

By using data from the same source and selecting the same year for all cities, the approach ensures uniformity in 

weather inputs, enabling a fair and accurate comparison of PV system performance across different climatic regions. 

 

2.3. PV module selection 

The PV panel selected for the simulation was the SOLID B.60 Bifacial 370W by SoliTek, a local manufacturer based 

in Lithuania. The choice of this module was based on its local production, which aligns with European sustainability 

goals. Using locally produced panels not only reduces transportation-related emissions but also supports the regional 

economy. Additionally, the panel utilizes bifacial technology, allowing it to capture sunlight from both the front and 

rear sides, thereby enhancing system efficiency. This rear-side irradiation capability is particularly beneficial in highly 

reflective environments, such as those with snow-covered surfaces.  

 

The module specifications were manually entered into SAM (System Advisor Model) based on its datasheet (Bifacial, 

n.d.). It has a nominal maximum power output of 370 W, with an efficiency of approximately 20%. The temperature 

coefficient is -0.32 %/°C, indicating the power loss with increasing temperature. The open circuit voltage (Voc) is 

40.50 V, and the short circuit current (Isc) is 11.18 A. Under maximum power conditions, the panel operates at a 

voltage (Vmpp) of 34.86 V and a current (Impp) of 10.62 A. The panel uses bifacial cells (Guerrero-Lemus et al., 

2016) and a glass-glass structure, which means it’s made with glass on both sides to make it more efficient and durable. 

 

2.4. PV system configuration in SAM 

All simulations were conducted using System Advisor Model (SAM) version 2024.12.12. The system was configured 

using the "Photovoltaic → Detailed PV → Merchant Plant" model. This option was chosen because it allows for 

detailed technical and financial modeling of grid-connected PV systems, with flexible inputs options. 

 

The configuration was based on the SOLID B.60 Bifacial 370W module and optimized for Lithuania’s climate. To 

maintain consistency across all simulation sites, the following setup was used: 900 modules arranged as 30 modules per 

string with 30 strings in parallel resulting in a total DC capacity of 333.2 kWdc (900 × 370 W). The ground coverage 

ratio (GCR) was set to 0.45, ensuring realistic row spacing, as supported by (Ferry et al., 2025) for European 

installations. The modules were installed at a ground clearance of 1.5 meters. A fixed tilt angle of 30° was chosen to 

match Lithuania’s latitude (~55°) (GPS Coordinates of Lithuania. Latitude: 55.1736 Longitude: 23.8948, n.d.) 

following the common practice in countries with climates similar to Lithuania, such as Poland (What Is the Optimal 

Solar Panel Tilt Angle? Poland and the World - Electrum, n.d.). The azimuth angle was set to 180°, meaning the panels 

were facing south to maximize solar exposure. The fixed tilt system was selected instead of a tracking system to reflect 

a cost-effective and low-maintenance solution, commonly used in Lithuania and similar climates (IRENA Renewable 

Power Generation Cost, 2020). 

 

The economic configuration was based on the Merchant Plant model, where the plant sells electricity directly to the 

market. Financial estimates commonly used in Europe were applied, with an electricity sale price of 110 €/MWh as the 

market average, operation and maintenance costs set at 20 €/kW/year based on regional averages (IRENA Renewable 

Power Generation Cost, 2020), a discount rate of 6%, an inflation rate of 2%, and a project lifetime of 25 years. The 

financial model excludes subsidies and tax incentives to maintain a conservative and broadly applicable scenario. 

 

https://jssidoi.org/ird/
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2.5. Performance indicators  

To assess and compare the performance of photovoltaic systems across Lithuania’s climate zones, four key 

performance indicators (KPIs) were selected. These indicators capture both the technical performance and 

economic feasibility of each simulated PV installation. 

 

Annual energy yield (AEY) 

The annual energy yield is the total amount of electrical energy generated by the PV system over a year 

under real-world conditions. It is expressed in kilowatt-hours (kWh).  
 

Capacity Factor (CF) 

The capacity factor (%) is the ratio of actual electricity generated over a period of time to the energy that would 

have been generated if the plant operated at full capacity during that time. A higher capacity factor indicates better 

system utilization. 

 

Levelized Cost of Energy (LCOE) 

LCOE (€/kWh) represents the average cost per unit of electricity generated, accounting for the total lifecycle costs 

(investment, operations, and maintenance) and electricity output (IRENA Renewable Power Generation Cost, 

2020). A lower LCOE suggests a more economically attractive system. 

 

Net Present Value (NPV)  

NPV (€) evaluates the financial profitability of a project by comparing the present value of cash inflows to 

outflows over its lifetime. A positive NPV indicates that the project is financially viable.  

 

These KPIs allow for a comparison of PV installations across cities, capturing both the energy efficiency (via the 

AEY and CF) and economic performance (via LCOE and NPV). By integrating these indicators, decision makers 

can better evaluate the suitability of PV projects under different climatic and financial conditions. 

 

3. Results and discussion 

 

This section presents and discusses the simulation results of the SOLID B.60 bifacial PV system deployed across 

four representative cities of Lithuania: Vilnius, Dotnuva, Telšiai, and Klaipėda. The analysis is centered on the 

technical performance, economic feasibility, and energy generation dynamics, drawing comparisons across 

regions using key performance indicators: Annual Energy Yield, Capacity Factor, Levelized Cost of Energy 

(LCOE), and Net Present Value (NPV). 

3.1. Annual energy yield 

The annual AC energy yield represents the total electricity delivered to the grid during the first operational year. 

Table 1. Comparison of annual AC energy, energy yield, and performance ratio across the four cities 

 

 

 

 

As shown in Table 1 above, Klaipėda achieved the highest energy production of approximately 306,235 kWh, 

followed by Dotnuva (291,555 kWh) and Telšiai (286,451 kWh). Vilnius had the lowest yield at 279,391 kWh. 

This result is consistent with Klaipėda’s location in the coastal region, which benefits from higher solar irradiation 

and fewer extreme cold spells, enhancing photovoltaic conversion. In contrast, Vilnius, located inland with more 

City Annual AC energy (kwh) Energy yield (kwh/kw) Performance ratio 

Vilnius 279,391 839 0.76 

Dotnuva 291,555 875 0.76 

Telšiai 286,451 860 0.75 

Klaipėda 306,235 919 0.74 

https://jssidoi.org/ird/
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cloud cover and colder winters, recorded the lowest output, despite sharing the same PV configuration, 

highlighting the climatic variability across regions. 

 

Performance ratios across all cities hovered between 0.74 and 0.76, indicating relatively stable system losses (e.g., 

from temperature, inverter inefficiencies, or soiling), with no region-specific anomalies. This supports the 

robustness of the bifacial module and system design across Lithuania’s climatic diversity. 

 

Figure 2. Monthly distribution of AC energy generation in year 1 - Vilnius 

Figure 2 above illustrates the monthly AC energy production of the Vilnius installation during the first year. Peak 

generation occurs in June and July, while November shows the lowest output due to reduced irradiance and 

shorter daylight hours. 

 

Figure 3. Annual hourly AC energy generation heatmap - Vilnius 

 

The heatmap (Figure 3) reveals a pronounced concentration of energy production between 9:00 and 16:00 from 

April to August. The seasonal patterns align with expected solar availability in southeastern Lithuania.  

 

Similarly, the central region city of Dotnuva exhibits a comparable but slightly reduced generation profile (see 

Figure 4 below). 

https://jssidoi.org/ird/
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Figure 4. Monthly distribution of AC energy generation in year 1 - Dotnuva 

 

Dotnuva's monthly production shows a similar seasonal pattern, with the highest output during summer months 

and a noticeable dip in winter. Overall, the energy yield remains relatively stable during spring and fall (Figure 5). 

 
 

Figure 5. Annual hourly AC energy generation heatmap - Dotnuva 

The heatmap for Dotnuva confirms steady performance during midday hours in summer, with a gradual ramp-up 

and decline around the peak months. Winter months show significantly limited energy production.  

 

In the northwestern region, Telšiai’s energy profile is influenced by slightly lower irradiance and cooler 

temperatures (see Figure 6 below). 

https://jssidoi.org/ird/
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Figure 6. Monthly distribution of AC energy generation in year 1 - Telšiai 

Monthly AC energy production in Telšiai mirrors the general seasonal pattern but with slightly lower summer 

peaks compared to Vilnius and Dotnuva (Figure 7). The winter production remains minimal, reflecting regional 

solar availability. 

 

Figure 7. Annual hourly AC energy generation heatmap – Telšiai 

The heatmap highlights consistent summer performance with limited variability, though daily generation appears 

slightly compressed compared to southern counterparts, possibly due to cloud cover or diffuse irradiance 

conditions. 

https://jssidoi.org/ird/
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Finally, Klaipėda, representing the coastal region, shows a distinct generation pattern due to maritime influence 

(Figure 8). 

 

Figure 8. Monthly distribution of AC energy generation in year 1 - Klaipėda 

 

Klaipėda’s monthly energy yield demonstrates smoother transitions between months, with less pronounced 

seasonal extremes. This stability may be attributed to the moderating effects of the coastal climate.  

 

Figure 9. Annual hourly AC energy generation heatmap - Klaipėda 

The generation heatmap for Klaipėda (Figure 9 above) reveals sustained midday production throughout much of 

the year, with slightly fewer sharp peaks compared to inland cities, indicating more diffuse radiation and 

consistent weather patterns. 

 

3.2. Capacity factor 

The DC capacity factor indicates how effectively each system operates compared to its maximum potential, 

showed slight regional variation in Table 2. 

 
 

 

https://jssidoi.org/ird/
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Table 2. DC capacity factor of the PV system across different climatic zones of Lithuania 

City Capacity Factor (%) 

Klaipėda 10.5 

Dotnuva 10.0 

Telšiai 9.8 

Vilnius 9.6 

 

Although values are relatively close, Klaipėda again led with the highest capacity factor, exceeding the 10% 

threshold, suggesting more favorable solar irradiance. The difference percentage points between Klaipėda and 

Vilnius is significant, especially in long-term energy projections. This confirms that location-specific solar 

availability directly impacts system effectiveness, even in a country with overall moderate solar resources. 

3.3 Levelized Cost of Energy (LCOE) 

The LCOE, representing the average cost of electricity produced over the system’s lifetime, incorporates capital, 

O&M, and financial assumptions. Both nominal and real values are shown in Table 3 and Table 4 respectively. 

 
Table 3. Levelized cost of energy (LCOE) - nominal - in Vilnius, Dotnuva, Telšiai, and Klaipėda 

City LCOE nominal (€/kWh) 

Klaipėda  11.47 

Dotnuva 11.90 

Telšiai 12.05 

Vilnius 12.28 

 

Table 4. Levelized cost of energy (LCOE) - real - in Vilnius, Dotnuva, Telšiai, and Klaipėda 

City LCOE real (€/kWh) 

Klaipėda 9.29 

Dotnuva 9,64 

Telšiai 9.76 

Vilnius 9.95 

 

Again, Klaipėda stands out with the lowest LCOE, demonstrating higher economic efficiency. This is driven 

mainly by its superior energy yield, which spreads the investment and operational costs over more kilowatt-hours, 

thereby reducing the average cost per unit. The financial benefit becomes more evident when combined with the 

net present value. 

 

3.4. Net Present Value (NPV) 

NPV evaluates the overall profitability of the system by taking into account future cash flows discounted over 

time. 
Table 5. Financial Profitability Metrics: Net Present Value (NPV) 

City NPV ($) 

Vilnius 64,204 

Dotnuva 86,038 

Telšiai 78,432 

Klaipėda 102,768 

 

The NPV results clearly highlight that Klaipėda is the most profitable location for PV deployment in Lithuania 

(see Table 5 above). Dotnuva follows closely, suggesting that central regions may also offer economically viable 

opportunities for solar projects. Vilnius, despite being a major urban center, yielded the lowest NPV due to its 

relatively lower energy yield. 

 

 

https://jssidoi.org/ird/
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Interpretation 

 

Klaipėda shows the most favorable combination of technical and financial performance. Its coastal conditions, 

higher irradiance, and fewer extreme winters result in better PV system efficiency and lower costs. Dotnuva and 

Telšiai perform well technically and economically, supporting the idea that central and northwestern regions are 

suitable for solar deployment. Vilnius, while showing the lowest figures, still meets acceptable performance 

standards, confirming the nationwide viability of PV technology. 
 

Conclusions 

 

This study evaluated the performance of a locally produced bifacial photovoltaic module across four 

representative Lithuanian cities; Vilnius, Dotnuva, Telšiai, and Klaipėda, each corresponding to a distinct climatic 

zone. Using the system advisor model (SAM) and standardized TMY weather data from the NSRDB, we 

conducted a uniform simulation and financial analysis to assess key performance indicators, including annual 

energy yield, capacity factor, LCOE, and NPV. 

 

The results show that although Lithuania has a relatively homogenous climate, regional variations affect 

photovoltaic performance. Klaipėda demonstrated slightly higher energy outputs and financial returns, attributed 

to better irradiation and lower system losses. Despite these differences, all zones exhibited strong potential for PV 

deployment, particularly with the SoliTek SOLID B.60 bifacial module, which proved well-adapted to local 

conditions. 

 

These findings highlight the value of regionalized energy planning and emphasize the importance of using locally 

manufactured modules in Lithuania’s PV strategies. Beyond the Lithuanian context, this research framework can 

be adapted to evaluate alternative PV technologies under the same climatic and financial scenarios. Doing so 

would provide valuable comparative insights for policymakers, investors, and researchers, supporting broader 
decision-making on optimal technology selection for renewable energy projects across Europe and similar 

climates. 

 

Limitations and future work 

 

While this study provides valuable insights into the performance of photovoltaic systems across Lithuania’s 

climate zones, several limitations should be acknowledged. 

Single module type and fixed tilt configuration: The analysis focused exclusively on one module model (SoliTek 

SOLID B.60 Bifacial 370W) and a fixed tilt system set at 30°. While this approach ensured uniformity, it 

excluded alternative technologies (e.g., monofacial (Matarneh, Al-Rawajfeh & Gomaa, 2022), thin-film (Ebner et 

al., 2015; Lee & Ebong, 2017)) or configurations (e.g., tracking systems (Amelia et al., 2020; Hafez et al., 2018)) 

that may perform differently under the same climatic conditions. 

Use of simulated data only: This study used typical meteorological year (TMY) data from the NSRDB, which 

represents long-term average weather patterns but does not capture real-time variations. Consequently, short-term 

climatic events such as snow or temporary shading from vegetation were not included in the analysis. These 

omissions may lead to differences between simulated results and actual photovoltaic system performance in real 

conditions. 

Static economic assumptions: Economic modeling was based on constant electricity sale prices, discount rates, 

and O&M costs. However, these variables are likely to evolve due to market dynamics, inflation, policy changes, 

and technological advancements. 

 

https://jssidoi.org/ird/
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Future research could enhance the current analysis by incorporating several additional dimensions. First, 

deploying experimental PV installations across the studied regions would provide real-world data to validate and 

refine simulation outcomes. Second, testing a wider range of photovoltaic technologies, such as monofacial or 

thin-film panels, would allow a broader performance comparison under uniform conditions. Third, incorporating 

optimization techniques for panel orientation, tilt, and tracking systems could improve energy yield estimates. 

Moreover, integrating storage solutions would enable modeling of self-consumption patterns and energy 

autonomy. Finally, simulating various economic and regulatory scenarios, such as fluctuating electricity prices or 

policy incentives, would offer a more robust framework for long-term investment and planning. 
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