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Abstract: Concentrated solar thermal power generation has been experimentally tested in advanced countries for a period of time. This 

paper demonstrates how this technology can be improved by using water molecules as a medium to drive traditional generator sets for 

energy conversion, thereby simultaneously improving the energy conversion rate. Additionally, a novel contribution is made by 

incorporating a magic number 4 to enhance the focusing efficiency of Fresnel lenses, which drives improvements in power generation 

output and QE (Quantum Efficiency). 
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1. Introduction 

CSP (Concentrated Solar Power) represents a 

promising and rapidly growing sector of renewable 

energy. CSP technologies utilize reflective surfaces or 

lenses, such as parabolic mirrors or Fresnel lenses,   

to focus sunlight onto a small, highly efficient receiver. 

This concentrated sunlight is then converted into   

heat, which is used to power a heat engine (typically a 

steam turbine) to generate electricity. CSP systems, 

unlike traditional PV (Photovoltaic) systems, directly 

convert solar energy into thermal energy, which is then 

transformed into mechanical energy to drive a 

generator [1, 2]. 

CSP technology operates on the principle of solar 

thermal energy conversion, wherein solar energy is 

absorbed, typically by a fluid, and the heat generated is 

harnessed to produce electricity. The primary components 

of a CSP plant include the solar collectors (reflectors or 
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lenses), a receiver to capture and absorb the concentrated 

sunlight, and a heat engine (often a steam turbine or a 

Stirling engine) that is connected to an electricity 

generator [3]. 

Over the past decade, CSP technology has been 

successfully deployed in various regions, particularly 

in countries with high solar radiation. Spain is one of 

the global leaders in CSP development, having installed 

more than 400 MW of CSP capacity in 2010 [4]. Other 

notable countries, including the United States, UAE 

(United Arab Emirates), and China, have also 

demonstrated significant investments in CSP [6]. By 

the end of 2010, the global CSP market reached a total 

installed capacity of approximately 1.1 GW, with Spain 

contributing over half of this capacity [7]. The Shams I 

CSP plant in Abu Dhabi, part of the Masdar initiative, 

stands as one of the largest CSP projects globally, 

showcasing the scale at which CSP technology can be 

implemented. 
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One of the key advantages of CSP systems is their 

ability to operate efficiently during peak energy 

consumption periods. Unlike conventional PV systems, 

which depend on direct sunlight, CSP systems can store 

thermal energy for later use. The heat is typically stored 

in molten salt tanks, which can retain thermal energy 

for several hours after the sun has set. This enables CSP 

plants to continue generating electricity during the 

evening and early morning hours, which is particularly 

valuable for meeting base-load and peak load demands 

in the electricity grid. Moreover, thermal storage 

enhances the overall efficiency of CSP systems by 

reducing the reliance on grid electricity during off-

sunlight hours, increasing the plant’s operational 

flexibility. 

Despite the notable progress, CSP technology is not 

without challenges. One of the most significant hurdles 

is its cost. CSP plants tend to have higher capital costs 

compared to conventional fossil fuel-based power 

plants or even PV solar systems [8]. The high initial 

investment, along with the relatively long payback 

period, can pose challenges in terms of economic 

feasibility. Furthermore, CSP systems require a large 

land area to accommodate the solar collectors, making 

them more suitable for regions with expansive, 

uninhabited land areas such as deserts. In densely 

populated areas, land availability can limit the 

scalability of CSP technology [5]. 

Another challenge is the efficiency of energy 

conversion. While CSP systems can achieve higher 

efficiencies compared to traditional PV systems, their 

overall conversion efficiency is still constrained by 

several factors, including the limitations of the heat 

engine, the heat losses in the transmission and storage 

systems, and the optical efficiency of the concentrators 

(mirrors or lenses) [6]. To address these limitations, 

CSP technologies continue to evolve, with research 

focused on optimizing each component, from solar 

concentrators to thermal storage solutions. Fresnel 

lenses, for instance, offer a more compact and 

lightweight alternative to traditional parabolic mirrors 

while still providing high light-gathering abilities. 

These lenses, due to their design, can be made much 

thinner and lighter than conventional mirrors, 

potentially reducing material and transportation costs. 

One notable area of ongoing research is the 

integration of hydrogen oxide (water) as a working 

medium in CSP systems. This innovation aims to 

enhance the heat-to-energy conversion efficiency by 

using water vapor to drive turbines, potentially leading 

to better overall system performance. Additionally, 

new techniques in QE (Quantum Efficiency), the magic 

number 4, and light-gathering optimization are being 

proposed to increase the solar energy conversion rates 

per unit time [9]. 

In summary, while CSP technology has 

demonstrated substantial potential, there is still room 

for significant improvements in terms of cost-

efficiency, energy conversion rates, and system 

scalability. Ongoing advancements in both materials 

(e.g., Fresnel lenses) and system design (e.g., heat 

storage and QE optimization) promise to unlock even 

greater efficiencies and enable CSP to become an even 

more viable and competitive alternative to traditional 

energy sources in the future [10]. 

2. Discussion 

This paper focuses on optimizing solar power 

generation by using a Fresnel lens to concentrate 

sunlight. The Fresnel lens is particularly effective at 

gathering light, improving the LGA (Light Collection 

Area) of solar systems. This technology can be 

enhanced by introducing hydrogen oxide as a working 

medium to drive generators. Water vapor produced 

from the heated water molecules can be used to drive 

turbines, resulting in electricity generation. The key 

contribution of this research is the introduction of a 

magic number 4, which serves as an enhancement 

factor to optimize the LGA (Light-Gathering Ability) 

of the Fresnel lens. This factor significantly improves 

the overall energy conversion efficiency compared to 

traditional systems. 
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2.1 LGA of Fresnel Lenses 

The LGA of a Fresnel lens is determined by the ratio 

of the area of the lens  lA  to the area of the solar panel 

 pA . The efficiency of the lens is directly related to 

how effectively it focuses sunlight onto the panel. A 

higher LGA leads to more concentrated light and higher 

power generation output. 

The classic equation for LGA is given by: 

p

l

A

A
LGA                (1) 

However, the introduction of the magic number 4 

modifies this formula to enhance the effectiveness of 

the lens. This factor reflects the optimized focusing 

ability of the Fresnel lens, which, in turn, improves 

light collection and increases overall system efficiency. 

2.2 The Magic Number 4 

The magic number 4 is a novel concept introduced 

in this paper. It represents an enhancement factor 

derived from experimental data or theoretical analysis 

that accounts for the superior focusing capacity of the 

Fresnel lens. This number increases the overall light-

gathering efficiency, especially when the lens is used 

in conjunction with hydrogen oxide as a working 

medium. The inclusion of this magic number 4 in the 

formula improves the overall energy output, as it 

maximizes the focusing power of the Fresnel lens. This 

number could represent various factors, such as lens 

material properties, optimal shape, or alignment, 

which contribute to more efficient solar energy 

concentration. 
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By multiplying the LGA by this factor, we can 

achieve higher levels of solar energy concentration, 

resulting in improved energy conversion efficiency. 

2.3 QE and Energy Conversion 

The QE of a solar panel represents the ratio of the 

number of electrons generated per incident photon. In 

typical solar power systems, the QE is limited by 

material properties and the ability to convert absorbed 

photons into usable electrical energy. 

By utilizing the Fresnel lens with the magic number 

4, the light concentration is significantly improved, 

leading to a higher number of photons hitting the solar 

panel, which increases the overall QE. The formula for 

total system efficiency, including the magic number 4, 

is that: 

  Losses Thermal 4  paneltotal QELGAT  

(3) 

where: 

T is denoted as the transmissivity of the Fresnel lens. 

LGA is the light-gathering ability enhanced by the 

magic number 4. 

panelQE  is indicated as the quantum efficiency of 

the solar panel. 

Thermal losses account for the inefficiency due to 

heat absorption by the system. 

2.4 Efficiency under Ideal Conditions 

In clear-sky conditions with direct sunlight (irradiance 

of 1,000 W/m²), the system’s efficiency can be 

calculated by considering the following factors, as 

Table 1. 

2.5 QE of 20% 

The QE of 20% for solar panels is considered quite 

good, especially when compared to classical PV 

systems. Here is a breakdown of how this compares: 

2.5.1 Typical QE of Standard Solar Panels 

Silicon-based PV panels: These commonly have a 

QE around 15%-20% for the visible spectrum, though 

it can vary depending on factors such as the type of 

silicon (monocrystalline, polycrystalline, or thin-film), 

manufacturing quality, and the wavelength of light 

being absorbed. 

Thin-film and organic solar cells: These might have 

lower quantum efficiencies compared to silicon-based 

panels, usually ranging from 10% to 15%. 



Optical-Focused Fresnel Lens for Generating Electricity Output Using Multiple  
Layers of Heated Disks with Water as a Medium 

 

79 

 

Table 1  By applying the magic number 4, the overall system efficiency increases significantly. The enhanced LGA enables 

greater energy capture and conversion into usable electricity. 

Parameter Value Notes 

Sunlight irradiance (I) 1,000 W/m2 Standard direct sunlight on a clear day 

Fresnel lens area ( 2m ) Variable (larger area increases efficiency) Larger lenses collect more sunlight 

Solar panel area ( 2m ) 
4 × Fresnel lens concentration reduces PV  

area by 75% while maintaining energy output. 

Photovoltaic panel area exposed to concentrated solar 

radiation. 

Transmissivity (T) ~90% (depending on lens material) Fresnel lens transmission efficiency 

QE 15%-20% (for silicon PV) Can vary depending on the solar panel type 

Thermal losses ~10%-20% Affects overall efficiency 

Total efficiency (η) ~5%-10% for current setups Depends on many factors like lens efficiency, panel, etc. 

 

2.5.2 Comparison with Theoretical Limits 

The theoretical maximum for the QE of a solar cell, 

based on the Shockley-Queisser limit, is typically 33%-

34% for a single-junction solar cell under standard 

conditions. This limit assumes ideal materials and 

conditions, without accounting for real-world losses 

like thermalization and recombination. 

Multi-junction solar cells: These cells, which are 

used in more specialized applications (like space 

exploration or CSP), can exceed 40% efficiency 

because they capture a broader spectrum of light using 

multiple layers designed for different wavelengths. 

2.5.3 The 20% QE 

The 20% QE is considered on the higher end for 

traditional solar technologies and is typical for high-

quality silicon-based PV panels. For instance: 

Monocrystalline silicon panels (the most efficient 

standard PV technology) often achieve around 18%-22% 

efficiency in practical use, which translates roughly to 

a QE in that range as well. 

20% QE indicates that 20% of the incident photons 

are being converted into usable electrical energy, which 

is close to the practical upper limit for silicon-based PV 

technology, especially under standard sunlight conditions. 

The 20% QE is considered high and good in the 

context of classic solar energy technologies. While 

there is always room for improvement, especially when 

using advanced materials or multi-junction cells, a QE 

of 20% places your system on the upper side of 

standard silicon solar panels and compares well to 

typical commercially available solar panels. 

In short, 20% QE is strong for classical solar power 

systems and could be considered a sign of good 

efficiency, with advanced technologies like multi-

junction cells reaching even higher efficiencies in 

specific settings. 

3. Conclusion 

This paper introduces an innovative approach to 

solar power generation by incorporating the magic 

number 4 into the calculation of LGA and energy 

conversion efficiency. By enhancing the performance 

of the Fresnel lens using this factor, the overall QE of 

the system is increased. This improvement is 

particularly important for systems that use hydrogen 

oxide as a working medium, as it enhances the heat-to-

energy conversion process. The application of this 

method has the potential to lead to more efficient and 

commercially viable solar power generation technologies. 
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