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Abstract. This paper explores innovative pathways for solar energy conversion in Northern Europe, using the Noor Solar Power Station in 

Morocco as a benchmark. As one of the world's largest concentrated solar power plants, Noor offers key insights into high-efficiency 

energy production and scalable infrastructure. The study examines the feasibility of adapting similar models to the Lithuanian context, 

characterised by lower solar irradiance and colder climatic conditions. Through a comparative analysis, we investigate how photovoltaic 

systems can be optimised in Lithuania using adaptive architectural design, seasonal storage, and smart energy management. Particular 

attention is given to regional solar exposure, with southern and southeastern Lithuania identified as the most favourable areas for pilot 

implementation. By bridging the gap between high-irradiance and low-irradiance regions, this research outlines a strategic vision for 

sustainable solar deployment, contributing to Lithuania's long-term energy resilience and environmental goals. 
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1. Introduction 

 

Developing an effective and coherent energy policy, whatever the initial equation (resources, location, means), 

requires considerable foresight and a willingness to make long-term choices. Over the last ten years or so, the 

concept of energy transition has become increasingly commonplace in political discourse, particularly in Europe  

(Collard 2016). Today's challenge is no longer limited to identifying new solutions to meet future energy needs 

amid gradually depleting oil and gas reserves. It also involves developing alternative technologies capable of 

reducing CO₂ emissions, or even eliminating them, drawing inspiration from natural mechanisms such as 

photosynthesis, which uses the carbon dioxide present in the atmosphere. Science has reached a significant level 

of maturity, but the challenge remains considerable for both researchers and political decision-makers. Every 

country needs to develop a roadmap for its energy transition due to the availability of different energy resources 

(Kalair et al. 2021). So, the innovation plays a vital role in this transition. We can talk about energy conversion 

technologies such as solar thermal, photovoltaic, wind or biomass constantly evolve to become more efficient, 

more economical and more environmentally friendly (Redouani et al., 2024; Zemlickienė et al., 2024; 

Zemlickienė et al., 2024; Talbi et al., 2025; Vestertė et al., 2025; Smaliukienė & Katina, 2025; Sebbaghi et al., 

2025; Amraoui et al., 2025; Chiki et al., 2025; Taib et al., 2025).  

 

Following the closure of the Ignalina Nuclear Power Plant (INPP), Lithuania's dependence on imported fossil 

fuels (natural gas, oil and coal) increased considerably. In 2010-2011, the country's energy dependency reached 

around 82%, well above the European Union average of 53% (Gaigalis and Skema 2014). Faced with this 

situation, Lithuania has embarked on an energy transition policy. In 2011, renewable and indigenous energy 

sources accounted for 18.3% of gross domestic energy consumption. Biomass dominated this renewable mix, 

accounting for almost 69%, mainly in the form of firewood and agricultural residues. The country has also 

invested in wind power, biogas and biofuels. The idea for this research emerged from the observation of 

Lithuania's substantial seasonal variability in solar irradiation, which limits photovoltaic performance during 

winter months. Building on this contrast, it became relevant to regard the Noor solar complex not only as a 

technological success adapted to desert conditions, but also as a transferable model (Ab, 2020) whose 

principles—material optimisation, thermal management, and large-scale integration—could be reinterpreted to 

address the specific challenges of Baltic climates. This study examines the influence of seasonal variations in 

solar radiation in Lithuania and explores innovative strategies to enhance solar energy production. By leveraging 

the highlight absorption properties of perovskite materials, we highlight notable gains in conversion efficiency. 

Drawing inspiration from the Nour solar power station in Morocco, we propose integrating energy storage 

systems to preserve surplus energy during peak summer periods, thus addressing Lithuania's winter limitations. 

2.  Materials and Methods 

 

This article was prepared based on an in-depth review of recent scientific literature and in close collaboration with 

specialists in energy and functional materials. The data used primarily come from scientific articles indexed in 

international databases such as ScienceDirect, Scopus, and Web of Science, covering the period from 2015 to 

2024. Quite a few scientific publications were consulted and analysed, focusing mainly on the properties, 

performance, and high efficiency of materials used in energy conversion. The analysis was carried out using 

recognised methodologies for evaluating experimental data and device performance. Comparisons between 

studies were made using standardised indicators that considered energy efficiency, material stability, and 

environmental impact. 
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3. Status of Renewable Energy Usage in Lithuania 

 

The structure of Lithuania’s renewable energy consumption highlights a clear predominance of traditional 

biomass sources (Gaigalis & Katinas, 2020; Official Statistics Portal (n.d.)). This distribution underscores 

Lithuania's continued reliance on biomass-based resources. It highlights the need to diversify towards high-

efficiency, low-carbon technologies, particularly in light of seasonal solar variability and energy security goals. 
 

 
Figure 1. Composition and distribution of the renewable energy in gross inland fuel and energy consumption in Lithuania in 2022 

Source: Official Statistics Portal (n.d.) Energy https://osp.stat.gov.lt/en_GB/energetika  

 

In 2017, energy consumption in Lithuania was distributed across several key sectors. The transport sector 

accounted for the largest share, consuming 37% of the total energy, followed by households at 27%, highlighting 

the importance of residential energy use. Industry accounted for 20% of total energy consumption, while 

commercial and public services accounted for 13%. The remaining 3% was attributed to other sectors. This 

distribution underscores the dominance of transport and households in Lithuania's energy consumption profile 

during that year. Since the definitive closure of the Ignalina nuclear power plant in 2009, Lithuania has 

progressively increased its dependence on electricity imports, reaching around 63% of its national consumption in 

2023, mainly via interconnections with Poland, Latvia and Sweden This situation has worsened against a 

backdrop of soaring energy prices, with the cost of electricity doubling and the cost of gas for households 

increasing fivefold between 2020 and 2023 (Report 2025; sample-energy-data n.d.). In response to this energy 

vulnerability, the Lithuanian authorities have launched an ambitious strategy to cover 70% of electricity 

production from local sources by 2030. This transition is primarily driven by the development of renewable 

energy, of which bioenergy currently accounts for the largest share, thanks to the use of wood and agricultural 

waste. In 2023, wind energy accounted for almost 42% of renewable electricity production, compared with 17% 

for hydroelectricity, while solar energy is making slow progress (Lithuania - Countries & Regions - IEA n.d.). 

However, the country continues to experience substantial seasonal variability, particularly in winter, when 

sunshine levels fall, and demand rises. This constraint underscores the need to strengthen energy storage 

capacities and adapt conversion technologies to local climatic conditions to ensure stable, sustainable energy 

production. Lithuania faces major climatic challenges, with low winter solar irradiation limiting photovoltaic 

production. Its heavy dependence on energy imports makes it vulnerable to fluctuations in the European market. 

At the same time, the need to reduce emissions calls for a rapid transition to local renewable sources. These 
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constraints call for innovative solutions that combine storage, energy efficiency, and climate-adapted 

technologies. 
 

4. The Noor Solar Station (Morocco): A Benchmark of Solar Innovation 

 

Morocco attaches particular importance to clean energies as a means of reconciling socio-economic development 

and environmental protection. Committed to combating climate change, the country adopted a "new national 

energy strategy" in March 2009. The strategy aims to strengthen the security of supply, ensure greater energy 

availability, improve the competitiveness of the productive sector, and protect the environment. The strategy also 

marks the start of a genuine energy transition, placing renewable energies and energy efficiency (EE) at the heart 

of national priorities. Among Morocco's renewable energy resources, solar energy holds the highest potential and 

significance (El Mghouchi, Ajzoul, and El Bouardi 2016). This is reflected in the implementation of large-scale 

renewable energy projects, such as the NOOR I solar project in Ouarzazate. This investigation is critical for 

several reasons. The region boasts vast stretches of flat desert, perfect for installing large-scale solar power plants, 

and its low population density limits land-use conflicts. Ouarzazate enjoys one of the highest levels of sunshine in 

the world, with a DNI (Direct Normal Irradiation) of around 2,420 kWh/m²/year (Figure 2). This level of sun is 

ideal for CSP technologies, which require high levels of direct irradiation to be effective. This level of sunshine is 

perfect for CSP technologies, which require high levels of direct irradiation to be effective (Ennaceri et al. 2018). 

 

 
 

 

 

 

 
Figure 2. Map of direct solar irradiation in Morocco, showing the city of Ouarzazate (Masen, 2012). 

 

In this section, we present the DNI and GHI values generated by several satellite databases. For comparison, the 

annual average GHI and DNI using different satellite-based databases (NASASSE, PVGIS-Helioclim, Climate-

SAFPVGIS and Solar Med Atlas) are presented in Figure 3. The solar resource assessment for the Ouarzazate 

region, illustrated in Figure 4 of the study, was conducted by Bousselamti and Cherkaoui (2019), highlighting the 

site's exceptional potential for photovoltaic (PV) and concentrated solar power (CSP) applications. Figure 4(a) 

displays the monthly average variation of global horizontal irradiation (GHI) and direct normal irradiation (DNI). 
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The GHI reaches its peak values between April and August, with daily averages approaching 8500 Wh/m²/day. In 

parallel, the DNI is particularly elevated from January to June, exceeding 8000 Wh/m²/day. These high levels of 

both global and direct irradiance underscore the year-round solar abundance in the region, making it highly 

suitable for solar energy systems. Notably, the annual DNI surpasses the economic threshold for CSP deployment, 

generally set between 1900 and 2000 kWh/m²/year. Figure 1(b) provides the annual average hourly profiles of 

GHI, DNI, and ambient temperature. Both irradiance types exhibit typical diurnal behaviour, peaking between 

12:00 and 14:00, which aligns well with periods of high electricity demand. Notably, the average daytime ambient 

temperature remains below 25°C, a favourable condition for PV systems whose efficiency typically declines at 

elevated temperatures. Moreover, the DNI remains consistently high between 08:00 and 18:00, ensuring efficient 

operation of CSP collectors throughout the solar window. 

 

These results confirm that Ouarzazate offers optimal climatic conditions for the deployment of hybrid PV-CSP 

systems. The combination of strong direct and diffuse irradiance, along with moderate ambient temperatures, not 

only enhances overall system performance but also supports stable, predictable energy generation. This is 

particularly advantageous for hybrid systems equipped with thermal energy storage (TES), enabling flexible 

dispatch and continuous power supply even beyond daylight hours. 

 
 

Figure 3 (a) Monthly average values of global and direct irradiation for Ouarzazate 

Figure 4 (b) The annual averaged hourly global horizontal irradiation, direct normal irradiation, and temperature profile for 

Ouarzazate (Bousselamti & Cherkaoui 2019). 

 

The Noor solar complex in Ouarzazate, Morocco, is one of the world's most significant solar projects, 

combining several complementary solar technologies. The majority of its installations use Concentrated Solar 

Power (CSP) technology, which, unlike conventional photovoltaic systems, concentrates sunlight to heat a 

thermal fluid, enabling electricity to be generated by a turbine (Table 1).  
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Table 1. Surface, Capacity, and Storage Features of Noor Complex 

 

 
 

The first phase of the project, Noor I, uses parabolic trough mirrors to concentrate the sun's rays on tubes 

containing a heat transfer fluid, with an installed capacity of 160 MW and a thermal storage system with a 

duration of around 3 hours. The next phase, Noor II, uses the same technology, with a capacity of 200 MW, while 

improving storage performance to 7 hours. At the same time, Noor III adopts a different configuration, based on a 

central tower. Heliostats (adjustable mirrors) concentrate the sun's rays onto a receiver placed at the top of a 

tower, enabling higher temperatures (~565°C) to be reached, and thus greater thermal efficiency. The system 

incorporates a molten-salt storage system to ensure production for up to 7 or 8 hours after sunset. Complementing 

these thermal technologies, the fourth phase of the project, Noor IV, is based on a conventional photovoltaic 

approach, with a capacity of 72 MW. This plant is likely to use mono- or polycrystalline crystalline silicon cells. 

Unlike previous phases, this technology produces electricity directly, without thermal fluid or integrated storage. 

Trackerless photovoltaics are particularly attractive for their reduced production and operating costs and require 

less maintenance. These systems operate without any additional energy input, unlike panels equipped with 

motorised trackers, which consume a small amount of energy to orient themselves according to the sun. However, 

dual-axis trackers can deliver around 30% greater efficiency than fixed systems, which may justify their use under 

optimal sunlight conditions. 

 

5. Towards Resilient Photovoltaics: Adapting Solar Technologies to Lithuanian Climatic Conditions 

 

In the context of optimising solar energy deployment across Lithuania, identifying regions with high solar 

irradiation is essential for ensuring both technical and economic viability (Figure 5). Based on long-term 

photovoltaic output data, several areas stand out as particularly favourable for the establishment of solar power 

plants. The southwestern and southern regions of the country offer the highest solar potential, with Tauragė, 

Marijampolė, and Alytus receiving more than 1070 kWh/kWp annually. These locations provide stable, efficient 

conditions for large-scale photovoltaic installations. The southern part of Kaunas also emerges as a promising site 

due to its advantageous solar yield and central location. Additionally, the coastal region of Klaipėda—despite its 

relatively humid climate—has strong potential for hybrid energy systems combining solar and wind power. The 

southern outskirts of Vilnius are equally notable, offering both sufficient solar exposure and accessibility, making 

them ideal for urban and peri-urban solar energy projects. Based on the comparative results shown in Figure 6, 

this analysis can be further extended beyond Lithuania to include Poland and Italy. The results indicate that 

Lithuania and Poland exhibit very similar conditions in terms of both theoretical and practical photovoltaic 

potential, reflecting comparable climatic and solar environments. In contrast, Italy shows characteristics more 

closely aligned with Morocco, suggesting that these two countries share similar solar resource profiles and PV 

potential patterns.          

 

 

https://jssidoi.org/ird/
http://doi.org/10.70132/m8233728827


 INSIGHTS INTO REGIONAL DEVELOPMENT 

ISSN 2669-0195 (online) https://jssidoi.org/ird/ 

2026 Volume 8 Number 1 (March) 

             http://doi.org/10.70132/m8233728827 
    

49 

 

 
 

Figure 5. Map of Lithuania solar Direct irradiation 

 
Source: World Bank (2020) 

 
Figure 6. Comparison of descriptive characteristics of theoretical and practical PV potential for Lithuania, Morocco, Poland and Italy 

 

Table 2. Matching Solar Technologies to Regional Solar Profiles in Lithuania 
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To fully harness the solar potential in regions such as Tauragė, Marijampolė, Alytus, southern Kaunas, and the 

Klaipėda coast, it is crucial to deploy photovoltaic technologies capable of capturing a broad range of the solar 

spectrum, especially under variable weather conditions (Table 2). Among the most promising materials, hybrid 

halide perovskites stand out for their high efficiency and excellent light absorption properties, even in diffuse 

sunlight. Their combination with silicon in tandem solar cells allows for expanded spectral coverage and 

enhanced efficiency, power densities approaching 500 W/m² in the best conditions (Hörantner & Snaith 2017; Li 

et al. 2021; Tang et al. 2024), making them ideal for Lithuania's temperate climate. Additionally, cadmium 

telluride (CdTe) has a typical power density of around 120-150 W/m², depending on sunlight 

conditions(Ferekides and Britt 1994; Gupta, Parikh, and Compaan 2006; Luque and Hegedus 2011). CIGS 

(copper indium gallium selenide), for example, a 140 W flexible CIGS module weighs around 2.1 kg and 

measures 2583 mm × 348 mm, corresponding to a power density of around 140 W/m², flexible with good low-

light performance (Repins et al. 2009; Song et al. 2010). Those technologies offer robust performance under 

partial shading and cooler temperatures, which are common in the coastal and northern parts of the country. 

Finally, silicon-based heterojunction (HJT) cells deliver excellent performance in low-light conditions and 

maintain high efficiency across seasonal variations. Heterojunction silicon (HJT) solar cells produce a high 

electrical energy density of around 268 W/m² under standard conditions, thanks to a record efficiency of almost 

27% and excellent management of electrical losses (Lin et al. 2023; Wang et al. 2024). Integrating these advanced 

materials into solar infrastructure would significantly improve energy yields and ensure the long-term viability of 

solar stations in Lithuania's most irradiated regions. 

 

6. Enhancing Solar Energy Reliability Through Advanced Energy Storage Integration 

 

The integration of energy storage systems with high-performance photovoltaic (PV) technologies is a crucial step 

toward achieving a stable, resilient, and efficient renewable energy infrastructure.(Kalair et al. 2021) While next-

generation PV materials such as hybrid halide perovskites, tandem solar cells, and CIGS modules offer 

remarkable conversion efficiencies and adaptability to varying climatic conditions, their intermittent nature—

dependent on sunlight availability—presents a key challenge for continuous energy supply. 

 

To address this, advanced battery storage systems such as lithium-ion offer high power density, typically between 

200 and 700 W/kg (Patel, 2023), enabling rapid discharges and high instantaneous power and high 

charge/discharge efficiency (~90%), Li-ion batteries generally have an average lifespan of around 500 cycles, 

depending on chemistry and use (Singh et al. 2014). The density for Sodium-Ion Batteries is 50–100 Wh/kg 

(Slater et al. 2013), and for vanadium redox flow batteries, it is 100 Wh/kg (Maksudovna Vafaeva and Sanjeeva 

2024). These systems are designed to store large quantities of electricity generated during peak solar hours and 

release it during periods of low solar radiation, including nights and overcast days. In particular, flow batteries 

and emerging solid-state technologies offer long cycle life, high safety, and deep discharge capabilities, making 

them suitable for long-term and large-scale storage applications. 

 

When strategically deployed alongside high-performance PV systems—especially in high-yield zones like Alytus, 

Tauragė, and Klaipėda—these storage solutions can significantly reduce energy curtailment, stabilise local grids, 

and facilitate the integration of solar power into urban and rural energy networks. Furthermore, the coupling of 

PV with storage not only improves the economic value of solar installations by enabling time-shifting of 

electricity use but also supports energy independence and decarbonisation goals on a national scale. This radar 

chart (Figure 7) compares two solar energy conversion strategies—high-efficiency photovoltaic systems 

combined with energy storage and concentrated solar power (CSP)—across five key criteria: climate suitability, 

diffuse-light performance, storage potential, installation cost, and technical complexity.  
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Figure 7. Comparative analysis of PV + storage versus CSP technologies in Baltic climates 

 

The results highlight that PV + storage systems are better suited to the Lithuanian context, offering better 

performance under low solar irradiance and greater flexibility. In contrast, CSP systems, while efficient in high-

sunlight environments and capable of thermal storage (as in Ouarzazate), are less effective under the variable, 

diffuse light conditions typical of northern climates. 

 

Conclusions  

 

By integrating the Noor Station's large-scale vision with the realities of the Lithuanian climate and geography, this 

project offers a compelling model for energy transition in northern Europe. With a moderate solar irradiance of 

~1,000 kWh/m²/year and an optimised surface area of 100 hectares in Klaipėda, Lithuania, the potential for clean, 

stable energy production is up to 104 GWh annually. The use of CIGS thin-film photovoltaic technology ensures 

both performance under diffuse light and adaptability to local weather variations. 

 

From an economic perspective, the transposition of a Noor-inspired solar project to Lithuania reveals significant 

profitability potential. While annual solar irradiation in Klaipėda is significantly lower than in desert regions, 

several operational advantages offset this limitation. Unlike Morocco, where dust and sandstorms necessitate 

frequent, costly cleaning operations, Lithuania benefits from a humid, rainy climate that naturally maintains the 

cleanliness of photovoltaic modules, thereby reducing operating costs. In addition, lower average temperatures 

improve conversion efficiency by mitigating thermal losses, and the reduced intensity of ultraviolet radiation may 

prolong module lifetime. These climatic characteristics suggest that, despite lower irradiation levels, the 

Lithuanian context offers a favourable framework for cost-effective large-scale solar deployment, provided that 

seasonal variability is addressed through adequate storage and grid-integration strategies. 

 

This analysis demonstrates that, even in non-desert climates, solar infrastructure can be not only viable—but 

strategically powerful. Lithuania is no longer merely a consumer of renewable innovation; it now stands as a 

potential architect of its own solar future.  
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