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PREFACE 

 
 

Successful events in the series of the Seminar/Workshop on Energy and Environment (EE) were 

organised yearly since 1995 under the auspices of the Department of Physics and Process 

Control, Institute for Environmental Engineering Systems, Szent István University Gödöllő, 

Hungary (recently Department of Physics, Institute of Mathematics and Basic Science and 

Department Mechatronics, Institute of Technology, Hungarian University of Agriculture and 

Life Sciences, Gödöllő, Hungary), including active participation also from foreign institutions 

working in the field of the application possibilities of renewable energy resources.  

The aim of the Workshop to provide a forum for the presentation of new results in research, 

development and applications in connection with the issues of energy and environment. 

This is now a call to take part in the abovementioned event along with to submit two-page 

abstract of potential contributing papers falling into the Workshop topic. The Abstract Volume 

of the Workshop will be published and distributed among the participants during the event. The 

language of the Workshop is English, no simultaneous translation will be provided. 

 

Prof. I. Farkas 

Founding Chairman of the Workshop 

 

Institute of Technology  

Hungarian University of Agriculture and Life Science 

Páter K. u. 1., H-2100 Gödöllő, Hungary 

E-mail: Farkas.Istvan@uni-mate.hu 

Tel: +36 28 522055 

https://mathematics.uni-mate.hu/ee2023 

https://mathematics.uni-mate.hu/ee2023
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Ahmed M. Ajeena1, P. Vig2, and I. Farkas3 
 

1Doctoral School of Mechanical Engineering, 2Institute of Mathematics and Basic Science,  
3Institute of       Technology 

Hungarian University of Agriculture and Life Sciences, Páter K. u. 1., Gödöllő, H-2100 Hungary 

Tel.: +36 70 7197843, E-mail: Ajeena.Ahmed.Mohsin.Dhayea@phd.uni-mate.hu 

 

 

Energy has consistently been a critical and highly valuable global commodity. As the pollution 

of the environment deteriorates as a result of the unlimited usage of fossil fuels, there has been 

increased focus on renewable energies as a substitute for fossil fuels. Renewable energies come 

in various forms including solar energy, which is beneficial because of it being environmentally 

friendly and limitless. A keyway in which solar energy is used is by acquiring solar radiation 

through the use of solar collectors (Ajeena et al., 2022). 

There is now significant interest in solar thermal systems in the engineering field. Although 

Flat plate solar collectors (FPSC) were the first such systems to be developed and have high 

applicability, the amount of heat lost is comparatively high, thus making them less thermally 

efficient. Today, the efficiency of such solar systems can be improved via optimisation 

techniques along with state-of-the-art technologies involving the utilisation of nanoparticles 

and nanofluids. Improving the thermal performance of FPSCs can reduce their dimensions and 

result in an increased outlet temperature of the fluid in terms of heating water in commercial 

and residential buildings (Ajeena et al., 2024). 

The aim of the current study is to examine the thermal performance of flat plate solar 

collector with nanofluid under laminar flow conditions. This study involves using ANSYS-

Fluent 2022 for the numerical simulation of FPSC with a nanofluids-based collector. ANSYS 

(pre-processing, solution, and post-processing) were the primary solution processes used to 

analyse each model during this investigation. Numerical study has been done on the effect of 

distilled water and silicon carbide nanofluid (SiC/DW) at concentrations of 0.1% on the FPSC. 

Table 1 shows the physical characteristics of the base liquid and nanoparticles. The system's 

geometrical of the computational domain for the FPSC is presented in Fig. 1. 

 

Table1. Thermophysical properties of silicon carbide nanoparticles and distilled water 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Properties Water (base liquid) Silicon Carbide 

Chemical formula H2O SiC 

Purity (%) distilled water 99 

Color — grayish white 

Morphology — cubic 

Specific Surface Area (SSA) (m2/g) — 40-80 

Actual particle size (APS) (nm) — 45-65 

Stock code — US2028 

CAS No. — 409-21-2 

Density (ρ) (g/cm3) 0.999 3.216 

Specific heat (J/kgK) 4187 680 

Thermal conductivity (W/mK) 0.6 370 

mailto:Ajeena.Ahmed.Mohsin.Dhayea@phd.uni-mate.hu
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The observed when using nanoparticles, the capability of the fluid to transfer heat via 

convection increases with the incorporation of nanoparticles leading to more transfer of heat 

from the pipe and the fluid inside it. As a result, a decline in the absorber temperature is noted. 

Besides, it was observed that nanofluids gave higher efficiency due to high thermal conductivity 

compared to the conventional case without nanofluids. Modelling by Ansys can help establish 

a more efficient and economical of FPSC experimental investigation. 

Fig. 1. Model geometry of the computational domain of FPSC: (a) Isometric wireframe view 

and (b) 3D design 
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Through the built-in solar collector, the solar chimney (SC) absorbs solar radiation for cooling 

or natural ventilation purposes by providing natural airflow for the building or any space. The 

amount of natural flow in it depends on the difference between the air temperature inside it and 

the ambient air temperature. Sometimes, this difference is not enough to generate the required 

flow, so the airflow is stimulated through the thermal effect, which leads to an increase in the 

air temperature inside the chimney compared to the surrounding air and thus leads to an increase 

in flow rates to reach the required limit (Ali et al., 2023). 

A combination of natural and forced flow can be used for a forced airflow setting of a solar 

chimney. Forced flow can be waste exhaust airflow from other mechanical ventilation systems 

of the building, eliminating the need for additional energy (Nguyen and Nguyen, 2023). The 

induced mass flow rate increases with forced flow temperature, improving ventilation 

performance (Nguyen et al., 2021). In addition, the SC's flow field and heat transfer 

characteristics can be improved through passive flow control methods, such as adjusting the 

number of turbulent generators, throat area, and round edges at the chimney inlet or through 

air-moving fans. 

This study studied the effect of forced airflow inside the SC at different velocities (0.5, 1.0, 

and 1.5 m/s) using a fan on the power generated by the photovoltaic (PV) module integrated 

with it. It is done by comparing three experimentally tested cases in Godollo, Hungary. The 

experimental cases were implemented on three clear days in August 2023. 

Each case includes two PV modules with a third reference PV module. One of these modules 

is integrated with a SC and an earth-air heat exchanger (EAHE) and can be distinguished by the 

name (PV-EAHE). In this model, the PV module is cooled by the air flowing from the EAHE 

assisted by the SC and forced air. The second module is integrated only with a SC and draws 

air from the ambient by assisting the SC and forced air, and it can be characterized by the name 

(PV-AMB). The third module is not integrated with a SC or EAHE and can be described by the 

name (PV-REF). 

Fig. 1 shows the relationship between the temperature of the PV modules, the power 

generated from it, and the velocity of the airflow inside the SC (natural flow and forced flow) 

for the three test models (at the three forced velocities 0.5 m/s, 1.0 m/s, and 1.5 m/s). 

As noted by the figure, the velocity generated in each test model is greater than the value of 

the corresponding forced velocities. This means that additional speed may be caused due to the 

permeation of pressures inside the SC. Also, note that this speed increase is greater in the test 

models not integrated with the EAHE due to the lower temperatures of the air flowing from the 

EAHE system. The PV-EAHE module at 0.5 m/s is the hottest among the other modules due to 

the lack of sufficient airflow necessary to cool it, as its temperature exceeds 2.14% compared 

to the PV-REF. 

mailto:Ali.Mohammed.Hussein.Ali@phd.uni-mate.hu
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Fig. 1. The relationship between the temperature of the PV modules, the power, and the 

airflow velocity inside the SC at the three air fan forced speeds: 0.5 m/s, 1.0 m/s, and 1.5 m/s. 

As a result, it has the lowest output power among the other PV modules. The PV-EAHE at 

1.5 m/s is the most power-producing among the different modules, and its temperature was the 

lowest among the other modules. Its temperature does not exceed 92.82% compared to the PV-

REF. Its power is greater than the power generated by PV-REF by 2.42% 
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The solar air collector (SAC) is one of the main components of the solar chimney (SC). The 

solar collector absorbs the incident solar energy in the form of radiation to raise the temperature 

of the air inside it and then directs it to the SC. Therefore, it plays a pivotal role in influencing 

the efficiency of the SC and the heat transfer process. Geometric parameters, such as the 

collector's and SC's dimensions and their integration with other energy sources such as 

photovoltaic (PV) modules, significantly impact their performance. Incorporating a bell-shaped 

opening and PV modules at the bottom of the collector enhances the flow velocity and 

significantly increases power production (Singh et al., 2021). Improving the outlet speed and 

power transfer factor ratio reduces the collector inlet height, improving overall performance 

(Golzardi et al., 2021), (Ali et al., 2023). In addition, adding reflectors to the collector increases 

the concentration of solar radiation, leading to higher collector temperatures and improved 

natural ventilation in bioclimatic buildings (Golzardi et al., 2021). 

This study studied the effect of integrating a SAC and a SC on the power generated by a PV 

module integrated with an earth air heat exchanger (EAHE). This is done by comparing three 

cases tested based on experimental data measured in Gödöllő, Hungary and Al-Najaf, Iraq, on 

two clear days in July 2022. The ambient temperature (Tamb) adopted in this study is a selection 

of temperatures that are typical in summer in a city known for high summer temperatures, such 

as the city of Al-Najaf, Iraq, and a city known for lower temperatures, such as the city of 

Gödöllő in Hungary. Temperatures were measured experimentally for the two cities, and three 

values for these temperatures (25, 35, and 45 oC) were chosen for comparison purposes, which 

are believed to meet the research objective. 

Each case includes two PV modules with a third reference PV module. One of these modules 

combines a SAC-SC and an EAHE and can be distinguished by the name (PV-SAC-SC). In this 

model, the PV module is cooled by air flowing from EAHE with the help of SC and SAC. The 

second module is only integrated with SC and draws air from the ambient passing by the EAHE 

and PV module with the support of SC only and can be named by name (PV-SC). The third 

module is not combined with SAC, SC, or EAHE and can be described by the name (PV-REF). 

Fig. 1 shows the relationship between the temperature of the PV modules and the power 

generated from them, and the speed of airflow inside the SC (integrated and non-integrated with 

SAC) for the three test models (at Tamb of 25, 35, and 45 oC). 

As can be seen from the figure, the speed of airflow in SC integrated with SAC is greater 

than the speed generated with the corresponding unintegrated SC. We also note that airflow 

decreases relatively as the Tamb increases. For example, the speed generated in the PV-SAC-

SC model was 1.13 m/s when the Tamb was 25 oC. At the same time, the airspeed generated in 

the PV-SAC-SC model was 1.03 m/s when the Tamb was 35 oC and so on for the model when 

the Tamb was 45 oC. But still, the airflow in the PV-SAC-SC model is always the most 

significant in the three test cases. 

mailto:Ali.Mohammed.Hussein.Ali@phd.uni-mate.hu
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Fig. 1. The relationship between the temperature of the PV modules, the power, and the 

airflow velocity inside the SC at the three Tamb: 25 oC, 35 oC, and 45 oC 

We also notice from the figure that the temperature of the PV-REF module was lower than 

the temperatures of other modules only when the Tamb was 25 oC, but when the Tamb became 

35 oC, the temperature of the PV-REF module became greater than PV-SAC-SC and PV-SC 

modules by 3.05% and 1.03% respectively. When the Tamb became 45 oC, the temperature of 

the PV-REF module became greater than PV-SAC-SC and PV-SC modules also by 4.58% and 

2.73% respectively. As a result, the productivity of the modules improved significantly 

compared to the PV-REF modules 4 and 5 times. 
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The air-earth heat exchanger system (EAHE) is a tube buried underground and surrounded by 

soil from all directions. Its purpose is to pass air or any other fluid through it to cool or warm 

it, depending on the temperature of the passing fluid and the temperature of the soil surrounding 

the EAHE tubes (Ali et al., 2021). The soil is characterized by its relatively constant temperature 

throughout the year at specific depths 2-4 m underground. Therefore, when the fluid passes 

through the pipes, a heat exchange occurs between them, leading to a loss or gain of heat that 

can be used in heating and cooling applications of buildings. One of the reasons that affect the 

efficiency of the EAHE depends on its geometric configuration and the method of distributing 

the pipes when installing them (Troina et al., 2020). 

This configuration determines how the ducts are connected and assembled, which can 

significantly affect the heat transfer efficiency and overall performance of the EAHE. 

Depending on the specific application, different configurations are used, such as vertical and 

horizontal layouts. In the case of ventilation systems, horizontal EAHE are commonly used, 

which can also be classified into ductless and membrane-free designs (Zhelykh et al., 2018). 

This study aims to make a comparison of four configurations of EAHE. All components in 

this study are of the horizontal type of EAHE but differ in how they are geometrically 

distributed. They are as follows: 

a) Single-tube (S-EAHE) is a single pipe extending horizontally in one direction only, with a 

total length of 22 m. 

b) Multi-tube (M-EAHE) is a group of pipes connected by using an elbow with an angle of 90, 

forming a network of underground pipes with a total length of 22 m. 

c) Multi-single tube (MS-EAHE) consists of five pipes separated from each other, each of 

which is 4.4 m long and has a total length of 22 m. 

d) Twist-single tube (TS-EAHE) consists of only one long pipe twisted into five zigzag-shaped 

twists, with the total length of the pipe used being 22 m. 

Fig. 1. shows the four EAHE configurations in this study. Reliable flow ratios for multiple 

tubes were used to understand and evaluate the performance of these types of heat exchangers. 

All necessary data will be incorporated into the simulation process to ensure an accurate 

assessment of the performance of the EAHE. The experimentally measured weather data in 

Godollo, Hungary, was used for this research. These data will be simulated in 

MATLAB/Simulink, which was developed for the design and analysis of EAHE systems (Ali 

et al., 2023). 

The results showed that TS-EAHE was the most consuming of the additional energy required 

to operate the fans needed to circulate the air inside the pipes due to the high-pressure losses 

generated in this type of system. The MS-EAHE is considered the least in terms of the pressure 

losses it generates, which leads to its need for the least energy among the other types, as shown 

in Fig. 2. 
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(a) S-EAHE (b) M-EAHE (c) MS-EAHE (d) TS-EAHE 

Fig. 1. The four EAHE configurations.  

Fig. 3. shows each type of system's cooling efficiency and cooling potential. It is clear from 

this that S-EAHE and TS-EAHE are the most efficient among the other types, as their efficiency 

reaches 94.07%, and therefore, they are the most capable of cooling potential than the different 

types, as they achieved a value of 649.73 W. While M-EAHE has the lowest cooling capacity, 

performing 365.06 W, it is the least efficient among the other of the types. 

 

 

Fig. 2. The total pressure losses and the air 

fan power of the four EAHE types.  

Fig. 3. The cooling potential and the 

efficiency of the four EAHE types. 
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Photovoltaic (PV) technology stands as a paramount source of solar energy, with its prevalence 

perpetually ascending (El-Atab et al., 2020). A competitive landscape is evident amongst 

corporations, all striving to enhance the characteristics and efficiency of PV modules. This 

technology is revered for its capability to transduce solar energy directly into electrical energy, 

avoiding the necessity for intricate procedures (Almadhhachi et al., 2022). This technology has 

been seamlessly integrated into architectural structures, manifesting in various building 

components such as roofs and facades, assuming a significant role in architectural design while 

concurrently contributing artistic and aesthetic nuances (Alpuerto and Balog, 2019). 

In this study, attention is directed toward elucidating the distinctions between spherical and 

hemispherical modules adorned with flexible cells. The objective is to comprehensively 

understand the inherent properties of each geometric configuration and to underscore the 

relevance of these novel structures within the domain of photovoltaic cell technology. 

 

Fig. 1. The power generation from spherical PV module 

 

Fig. 2. The power generation from hemispherical PV module  
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Figs 1-2 delineates the power output manifested by the spherical and hemispherical 

configurations. The characteristic profile of the power curve distinctly emulates that of solar 

tracking systems, capable of harnessing solar energy from the onset of dawn until the descent 

of dusk. This stands in stark contrast to conventional systems, highlighting the innovative 

capability of these configurations.  

The spherical configurations exhibited a power generation reduction of 60% relative to 

conventional systems when equating the surface area of the flexible cells. Conversely, these 

configurations afforded a substantial 98% reduction in ground footprint compared to flat 

systems. In contrast, the hemispherical shapes demonstrated a 30% augmentation in power 

production compared to their spherical counterparts, alongside a halving of the ground footprint 

requirement. 

Critical factors imperative to augmenting the efficiency of novel systems encompass 

strategic distribution of cells across the surface of spherical shapes, ensuring maximal coverage 

of surface area. Additionally, maintaining adequate spacing is crucial for mitigating the 

temperature of flexible cells. Similarly, when integrating multiple units of spherical and 

hemispherical configurations, the interspacing between individual units plays a pivotal role. 

This spacing is instrumental in preventing the formation of shadows upon one another, a 

phenomenon that could potentially diminish the efficiency of these systems. 

Artistic and architectural configurations significantly contribute to the aesthetic 

enhancement of urban landscapes. Furthermore, they serve as a pivotal means of fostering 

awareness regarding alternative energy systems, subsequently inspiring a shift towards the 

adoption of green energy across diverse facets of life. 
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Parabolic trough collector (PTC) is the most established solar concentrating technology 

worldwide. The conventional PTC is used in various applications at medium and high 

temperature levels. 

The thermal and thermodynamic performance of PTC could be enhanced by using 

nanofluids due to their enhanced thermophysical properties. As a result, it can absorb the most 

concentrated incident solar radiation while simultaneously improving the heat transfer 

characteristics of the base fluid. 

The aim of the present study is to investigate the thermal performance of the PTC for the 

LS-2 model with nanofluids. 

Therefore, the numerical simulation is implemented using Computational Fluid Dynamics 

(CFD). The effect of nanoparticle volume fraction on flow and heat transfer characteristics is 

investigated. 

A numerical study is conducted on PTC operating with Cu2O/distilled water nanofluid at 

concentrations of 5%. Fig. 1 shows the use of the ANSYS fluent software on PTSC model 

(LS2) with Renolds number 31750. Table 1 shows the model parameters, and Table 2 shows 

the thermophysical properties. 

Table 1. Physical parameters of the analyzed collector 

Parameters Value 

Diameter of outer the tube 70 mm 

Diameter of inner the tube 66 mm 

Concentration ratio 30 

Lower heat flux 19500 W/m2 

upper heat flux 750 W/m2 

Table 2. Thermophysical properties of the base fluids and nanoparticle 

 cp (J/kg K) ρ (kg/m3) k (W/m K) Viscosity (N.s/m2) 

Distilled water 4178 907 0.603 0.001001 

Cu2O 474 6080 42 - 

Nano fluid 3212 1165 0.7 0.00111 

 

The nanoparticles have higher heat transfer properties than the base fluid (distilled water). 

The maximum enhancement of Heat Transfer Coefficient and Nusselt Number were 17% and 

2.4%, respectively, for nanofluid with a concentration of 5%. 
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(a) (b) 

 

Fig. 1. Temperture countoures: a) water, b) nanofluid 
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Renewable energy is the primary and most promising energy source. It is approaching the 

future. The rapid exhaustion of fossil resources, environmental issues, and the volatility in fossil 

fuel prices are the primary drivers for the shift toward renewable energy. Photovoltaic thermal 

modules (PV/T) are a promising technology due to their ability to harness both thermal and 

electrical energy simultaneously (Alshibil et al., 2023c). 

The hybrid photovoltaic/thermal collector (PV/T) is a system that combines the production 

of heat and electric energy. It comprises a solar collector positioned underneath the PV module 

and is used in numerous applications. The increasing temperature of solar cells leads to a loss 

in electrical productivity (Alshibil et al., 2023a). Any configuration that extracts this heat from 

the solar cells would utilise it for space heating or hot water purposes, leading to performance 

enhancement of the PV module (Alshibil et al., 2023b). 

Furthermore, the implementation of a (PV/T) collector results in a reduction of both the 

required installation area and associated expenses. This hybrid technology's most commonly 

employed coolants are water, air, and nanofluids. 

This study utilises two different solar photovoltaic modules belonging to the Hungarian 

University of Agriculture and Life Sciences solar lab. The first was without cooling as a 

standalone unit, and the second was water-cooled through a serpentine copper tube mounted 

directly to the back side of the photovoltaic module. As shown in the following figure, these 

were the two modules used in this study. 
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This experiment aims to assess the performance of a presented module of the water-cooled 

PV/T by improving the heat extraction through a serpentine tube mounted to the PV module to 

decrease the cell temperature, which effectively enhances the productivity of the PV/T modules. 

Besides the fabrication and evaluation work of the water-cooled PV/T module, this study 

compared the enhancement performance of the PV/T module with the standalone PV module 

with the same specifications. 

As a consequence of the findings of this research, the serpentine tube-based water-cooled 

PV/T module that was created effectively lowered the temperature of the solar cells. 

Additionally, the fabricated PV/T module was efficient in electrical efficiency compared to the 

classical unit of the photovoltaic module. 
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In agrivoltaic systems, the photovoltaic (PV) performance is determined by the quality of the 

solar radiation as a function of light intensity, which is determined by the weather, cloud cover, 

daytime, altitude, and latitude of the location. In contrast, crop yield is determined by the 

efficiency of converting the photosynthetically active radiation (PAR) to biomass (Gorjian et 

al., 2022). Because of their importance in the water-food-energy (WFE) relation, agrivoltaic 

systems have been the subject of various studies in recent years. 

For this reason, optimizing crop productivity while meeting solar radiation needs for solar 

electricity generation is essential to raising power and agricultural yield. A new generation of 

PV modules with semi-transparent materials is now possible thanks to advancements in PV cell 

materials and fabrication techniques. The thin film semi-transparent photovoltaic (STPV) 

modules are promising for greenhouse applications as they can replace the current glass covers.  

This study investigates the effects of using semi-transparent PV in open-field farming. 

According to the current study, three characteristics – optical, thermal, and electrical – are 

required to evaluate the performance of semi-transparent photovoltaic systems (Anggraeni et 

al., 2022). 

Solar energy systems are designed primarily to capture and convert sunlight into electricity, 

rather than to optimize for the specific needs of plant photosynthesis. At Gödöllő, Hungary's 

Hungarian University of Agriculture and Life Sciences, the semi-transparent modules were 

installed. The systems total 3,3 kWp and are made up of 2x10 pieces of 165 Wp Solarwatt 

Vision. The relationship between solar production and PAR seems to be less about precise PAR 

range that plants use for photosynthesis and more about the overall amount of sunlight available 

and how it affects the efficiency of solar panels (Anggraeni et al., 2023). 
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Photosynthetic active radiation (PAR) is an additional crucial, measurable characteristic. 

PAR measurements quantify the amount of light in the photosynthetically active range. The 

growth and development of plants depend on this radiation. The wavelength range of visible 

light, or 400–700 nm, is included in PAR. PV densities can be used to determine the available 

PAR above the plant level and the accompanying photosynthesis rates. 

Furthermore, measuring PAR allows for a better understanding of the quantity of available 

sunlight that reaches crops beneath photovoltaic modules and regulates their photosynthetic 

processes (Baxevanou et al., 2020). 
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The nations that hold the greatest concern for the issue of global warming are not necessarily 

the most active ones; rather, they are the ones who have a desire to reside in more comfortable 

residences and possess the financial means to cover the required repairs. Their main source of 

energy, which also happens to be environmentally friendly, is solar energy. As a result, there 

exists a significant amount of potential in utilizing phase change materials (PCMs) to harness 

additional energy, whether it be to diminish a country's dependence on foreign energy sources 

or to furnish emerging nations with the necessary technological support. 

Therefore, there is an imperative need to foster the advancement of novel energy storage and 

renewable energy utilization technologies to enhance energy efficacy. A group of energy-

storage substances, commonly known as phase change materials (PCMs), emerges as an 

exceptional alternative for efficiently storing and harnessing renewable thermal energy to meet 

essential needs (Huang et al., 2021). 

PCM technology operates by undergoing a phase transition while assimilating substantial 

quantities of latent heat without any elevation in temperature. Enhanced conversion efficacy is 

anticipated to arise from the capacity of this type of PV-PCM module to sustain the lower 

temperature of the PV cells by situating the PCM at the back of the PV module. A hybrid system 

or module based on materials that undergo a phase transition, such as phase-change materials, 

absorbs excessive heat directly from photovoltaic modules, thereby increasing the effectiveness 

(Tao et al., 2019). 

 
In addition, phase change material (PCM) has been classified into three distinct categories 

based on the temperature at which the phase transition occurs. Firstly, the low-temperature 

category is typically employed in the food and air conditioning industries. Secondly, the 

medium-temperature category is the most prevalent type and finds applications in diverse fields 

such as solar energy, medicine, electronics, textiles, and energy-efficient architectural design. 

Lastly, the high-temperature category, which possesses a phase transition temperature 

exceeding 90 °C, is primarily utilized in the aerospace and industrial sectors (Velmurugan et 

al., 2021). 
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The numerous characteristics exhibited by phase change materials, including their 

economical nature, wide accessibility, lack of toxicity, malleability, durability, and qualities 

associated with temperature, chemical reactions, kinetics, and physical attributes, are 

considered to be the most significant factors when deciding upon phase change materials. The 

thermophysical properties of PCMs are considered to be the most significant among all their 

attributes. More precisely, the essential characteristics of phase change materials include the 

ambient temperature and the latent heat. 

Finally, PCMs are less effective in storing energy due to their high degree of supercooling 

and low thermal conductivity. These kinds of problems have been resolved by using 

performance enhancement to increase their efficiency. Therefore, PCMs can be enhanced via 

fins and expanded surfaces, PCM-embedded porous matrices, PCM microencapsulation, 

dispersion of highly conductive particles within the PCM, and several PCM techniques. 
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The increase of PLN’s (Indonesia state electricity company) electricity tariff for the industrial 

sector gives a heavy cost burden for their factory especially to compete in the cement market, 

since electricity contributes to 20% of the production cost. 

On the other hand, facing the increasing demand of cement, the Factory has to expand its 

production lines accordingly. Dealing with such condition to minimize the increasing electricity 

bill and to meet the need for its production capacity expansion, the Factory seek for alternative 

electricity supply by building private power plants using cheap primary energy such as coal.  

The average electricity demand in cement factory plant is 59.5 MW consisting of demand 

for factories power plants units II, III and IV. Electricity demand of factory is partly (± 46 %) 

supplied from PT PLN and the remaining is from Company’s own steam power plant (existing). 

The supply from PLN is basically for cement plant II and III factories based on supply 

contract of 42.25 MVA at I4M tariff rate. Electricity supply from existing steam power plant is 

mainly utilized for cement plant IV factory and it is transferred from the power plant in 13.5 

km far away from cement plant of 70 kV double circuit transmission line to the substation. It is 

reported that to produce about 2.3 million tons of cement per year, 40 – 50 MW of electricity 

would be consumed while a literature stated that the specific electricity consumption of a 

cement factory is 120 kWh/tons of cement produced. 

The cement factory planned to build a new production line with a capacity of 2.5 million 

tons of cement per year, which will consume approximately 41 MW of electricity. The new 

factory is planned to be operated by 2010. Factory also planned to replace or at least reduce its 

supply from PLN considering the increasing electricity bill to be borne in the coming years. 

Obviously, this will need a further supply in the order of 35 MW of electricity. Therefore, the 

prospected load would be in the order of 80 MW of Nett power or roughly 90 MW gross power, 

which would be generated by 3 (three) units of coal fired power plant of 35 MW each unit of 

capacity. 

This article will comprise the installation of three (3) units of Coal Fired Steam Power Plant 

of 35 MW each. The total installed capacity will be 105 MW nominal. The Power Plant will 

utilize once‐ through seawater cooling water system. Water for the Boiler and auxiliaries is 

supplied from the desalinated water. Existing Power Station (2x25 MW) has been connected 

cement plant 70 kV substation through 12 km double circuit transmission lines from power 

plant to cement factory. 

The Coal Fired Steam Power Plant (CFPP) consisting of three (3) Steam Turbine Generators 

(STG). Each generator will be connected by Isolated Bus Duct (IPB) integrated with Generator 

Circuit Breaker (GCB) to one (1) two‐ winding generator step‐ up transformer. The high 

voltage side of the Generator Step‐ up Transformer will be connected to the new 70 kV Gas 

Insulated Switchgear (GIS) Substation. Each unit auxiliary power supply will be provided by 

tapping from IPB that connecting GCB and the lower side of Generator Step‐ up Transformer 

through a fused disconnecting switch. Auxiliary electrical power will be distributed from 

medium and low voltage switchgears and distribution equipment in the power plant for normal 

operation of the plant auxiliaries. The gross capacity generated at the existing 2 units of an 

existing power plant amounts to 50 MW which is used to supply a new cement factory. Unit II 
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& III factories are supplied by PLN with a power contract of 42.25 MVA. The additional gross 

power capacity added by this extension project will be about 3x35 MW which comprises three 

(3) units of boilers, steam turbines, and generators. The table shows Power Plant and 70 kV 

Transmission Line Configurations: 

 
According to the configuration operation i.e. one (1) unit of new CFPP as substitution of 

PLN’s power supply will operate in parallel with two (2) existing power plant means that the 

total capacities of (2x17.5+31.5) MW is available transmitted by existing double circuit 70 kV 

overhead T/L. For Instrumentation and Control systems design the whole plant will be able to 

be: 

 Operated, supervised, and monitored continuously and centrally from the Central Control 

Room under all operating conditions i.e., plant startup, normal operation, plant shutdown, 

transient and abnormal conditions like operating at island mode, not all units are operating. 

 Operated, supervised, monitored safely, reliably, efficiently, economically, simply, 

comprehensive operation, and easy maintenance 
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Power Plant ( Generating)  70 kV Overhead T/L ( Outgoing ) 

 
CFPP 

Available 

Capacity 

( MW ) 

  
Circuit 

Available 

Capacity 

( MW ) 

Exst. Unit # 1 17.5  Exst. 70kV  T/L  Unit IV Factory–Line  I 

(Single ACSR 300mm2) 

50 

Exst. Unit # 2 17.5  Exst. 70kV  T/L  Unit IV Factory–Line  II 

(Single ACSR 300mm2) 

50 

New CFPP Unit # 3 31.5  New 70kV  T/L  Unit V Factory–Line  I 

(Double ACSR 240mm2) 

120 

New CFPP Unit # 4 31.5  New 70kV  T/L  Unit V Factory‐Line  II 

(Double ACSR 240mm2) 

120 

New CFPP Unit # 5 31.5    

Total power 129.5  Total Power 340 
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Energy willow (Salix vimialis var. Inger) is acknowledged as a rapidly growing forest crop, 

characterized by a substantial polysaccharide content that can reach close to 60% (dry basis). 

Among the others, it also exhibits elevated levels of extractives and lignin, turning it into a rich 

source of bioactive compounds such as salicylates, flavonoids, lignans, and tannins (Tyśkiewicz 

et al., 2019). 

As such, energy willow stands out as an ideal feedstock for a wide range of biorefinery 

applications that goes beyond its conventional application as a bioenergy fuel for heat 

production in boilers of varying scales. 

Aligning with G. Olah's recommendation to explore biomass resources before resorting to 

burning (Olah et al., 2018), this study aims to contribute to the advancement of a sustainable 

biorefinery strategy tailored for energy willow. 

Leveraging the inherent extractives content, the proposed approach involves biomass 

fractionation and hydrolysis processes to convert hemicelluloses into monomeric pentoses. 

Subsequently, these sugars undergo a selective fermentation process targeting high-value 

products, with a primary focus on the production of xylitol. Several samples of energy willow 

cultivated in Romania's Central Region, particularly in Covasna District, were collected in 

earlier and late spring. 

The samples were segregated into subsamples of wood and bark, and then subjected to 

thorough chemical characterization using NREL’s proposed analytical methods. A mild dilute 

acid hydrolysis process was applied, yielding xylose as the main sugar present in the liquid 

hydrolysates and preventing a significant production of microbial inhibitors derived from sugar 

degradation (e.g. furans). 

Furthermore, acetic acid and phenolics content is not significant, in face of the intended use 

of the hydrolysate as a culture medium for the yeast Debaryomyces hansenii, (Carvalheiro et 

al., 2007). 

This paper also provides insights into yeast growth under varying conditions and outlines 

the overall process yields showcasing the versatility of willow biomass, as a valuable feedstock 

for producing high-demand compounds such as phenolics and xylitol.  
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Bioeconomy is an important part of sustainable rural development – according to modern 

economic theory – is defined as an economy in which the basic building blocks for materials, 

chemicals and energy are obtained from renewable energy resources (McCormick, Kautto, 

2013).  

Sustainably producing and utilizing renewable biological resources from agriculture and 

forestry, developing and applying different bio-based solutions to create value–added products 

can make a positive impact on rural communities, considering environmental, social and 

economic dimensions.  

The first part of the paper is an overview of the state-of-art of the European bioeconomy, 

presenting innovative technologies, sustainable energy production schemes and products that 

can be integrated in the rural area. 

The recently presented schemes have an important role in the rural development addressing 

the need for increasing agricultural productivity, forest conservation and rural livelihood 

improvement.  

The rural village areas are rich in renewable resources such as crops, livestock and forest 

resources that can be harnessed for a wide range of products from biofuels and bioplastics to 

specialty foods and pharmaceuticals.  

Based on these aspects, the paper presents a sustainable bioenergy model applicable in rural 

areas: thermal energy production from local biomass to ensure the heat and warm water for the 

local public buildings.  

In this concept, local biomass – wood, forestry, and agro-residues are collected in a 

sustainable way with the involvement of the local community. Residues are then transported 

and stored in biomass storage centres, transformed into woodchips that will serve as fuel for 

biomass heating systems.  

In this part of the paper, the technical and economic data are presented from the implemented 

best-practice applications from the Romanian rural area of Covasna County. 

Finally, it can be concluded that the bio-based thermal energy production scheme is 

presented, a circular bioeconomy scheme where the feedstock comes from agricultural and 

wood waste from public area and form the energy wood plantation, like energy willow 

(Negreanu et al., 2014). 
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Solar desalination offers a promising solution for water scarcity, but conventional systems are 

often bulky, complex, and expensive. Portable thermo-solar CPC offers efficient, lightweight, 

and low-cost solar desalination for arid regions and disaster relief (Fei Cao et al., 2023). The 

Table 1 shows the STC application suggestions. 

Table 1. STC application suggestions 

 

This research targets optical losses from Earth's rotation on cylindro-parabolic 

concentrators, addressing sunrise-sunset and single-axis tracking challenges for improved 

solar applications. 

Optimized designs and intelligent recovery boost solar collector efficiency, tackling 

sunrise-sunset energy loss (Shri Ram et al., 2023). As shown in Fig. 1, emphasizes essential 

CPC elements for effective performance. 

 
Fig. 1. Components of a cylindro-parabolic concentrator (CPC) 

 

As illustrated in Fig. 2, the automated system aligns reflections with the focal point for solar 

recovery. During sunrise, misalignment peaks, gradually decreasing until solar noon for minimal 

loss. As the sun sets, misalignment rises, reaching its maximum at sunset. 

STC 

Type 

Light 

Reception 
Uniformity 

Concentration 

Ratio 
Absorber Types Application Field 

 
PTC 

 
Full area 

 
Low 

 
High 

Circular tubes, flat 

plates, cavity 

receivers 

High-temperatures solar 

thermal, DSG, CPV 

 
CPC 

 
Full area 

 
Low 

 
Low 

Circular tubes, flat 

plates, cavity 

receivers 

Solar thermal, solar 

photocatalysis, solar 

desalination 

SUC Full area High Low 
Circular tubes, 

cavity receivers 

Solar thermal, solar 

photocatalysis, solar PV 

TTC Part area High Low 
Flat plates, cavity 

receivers 
Solar thermal, solar PV 

 

1. The cylindro-parabolic concentrator. 

2. The reflection image. 

3. The focal point. 

4. The axis of focal point movement. 

5. The photoresistor sensors. 

6. The reflected solar ray. 

7. An automaton. 
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Fig. 2. Schematizes the issue 

 
Fig. 3. Schematically illustrates the solution of the studies 

As shown in Fig. 3, solar recovery and alignment: automated system aligns reflections with 

focal point for solar recovery. As shown in Fig. 4, Night Heating and Self-Cleaning: Thermal 

coils use stored solar energy; self-cleaning prevents dirt accumulation.  

 

 

Fig. 4. CPC at day and night 
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This paper is dealing with the status and future scenarios of the rapidly developing field of solar 

photovoltaic technologies. The worldwide situation is analysed based on the topics discussed 

intensively at the at the EuroSun 2022 Solar Conference organized in Kassel, Germany and the 

Solar World Congress (SWC 2023) to be organised by the International Solar Energy Society 

in New Delhi, India. Additionally, a relevant event was the COST Action PEARL PV's 

Conference on Enabling the PV Terawatt Transition, Enschede, The Netherlands in 2022. In 

the framework of that project, the most recently published books in this topic serve information 

on the recent statements.  

In 2022, the solar PV market increased by about 26% reaching the global capacity of 1185 

GW passed the symbolic 1 TW mark along with the annual additions of 243 GW (Renewables 

2023; IEA PVPS, 2023). The EU saw a significant increase in solar power capacity installed in 

2022, with 41.4 GW added, up 47% from the 28.1 GW installed in 2021. 

 

Solar PV capacity (in GW) and annual additions in 2022 

Most of the solar photovoltaic energy application areas continouosly show significant 

increase. In 2022 the agricultural PV projects were continued, especially in China. In Europe, 

among France, Greece, the Netherlands, Spain, and Italy are the main actors in in this field. 

Similarly, the floating PV plants also continued to expand with installed capacity exceeding in 

2022. The world’s largest floating PV plant in China. In Europe, Portugal held an auction for 

500 MW of floating solar to be located at hydropower dams (Renewables, 2023). 

The global investment in electric vehicles and related charging infrastructure surged 53.6% 

in 2022 to reach USD 466.1 billion, which is a remarkably high yearly development. There are 

also approximately 1 m electric vans, heavy trucks and buses. The main actor in this market 
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indicated in colours in the bellow figure are China (in blue), Europe (in green), US (in yellow) 

and the others (in red). The light intensity of the colours means the battery electric vehicles and 

the higher insity means the plug-in hybrid electric vehicles. 

 
Global electric passenger car stock (in million), 2010-2022 

After several years of declines, PV module costs increased by estimated 57% in 2021, from 

an average of USD 0.21 to 0.33 per Wp, as because the cost of raw materials increased sharply. 

The main factors contributing to rising module costs included a polysilicon shortage and a rise 

in shipping costs from China, as he is the world’s dominant module producer. At the same time, 

the solar module prices have become increasingly unpredictable and changeable, especially due 

to the supply chain disruption.  

Concerning to the PV cell efficiency, in the laboratory, the high concentration multi-junction 

solar cells achieved an efficiency of 47.6%, and modules with concentrator achieved 38.9% 

(NREL report, 2023). The record cell efficiency for Perovskite is 23.7% (Fraunhofer ISE, 

2023). At module level it is intended to develop higher power ranging at 600 W-plus mainly 

for building applications. 
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Today with the development of technology, more and more information about our world is 

available, and with the new achievements of measurement technology, humanity can get a more 

and more detailed picture about our planet and our environment. 

Ionizing radiation is present in our environment, and the living organism has adapted to the 

permissible level. However, in many areas of our lives, in laboratories, hospitals, various 

factories and in our environment, there is an increasing need to measure, monitor and control 

the intensity of ionizing radiation due to artificial applications. 

Today, there is a growing demand for semiconductor-based instruments due to the 

proliferation of electronic devices and their many advantageous properties such as small size, 

reasonable power consumption and the endless possibilities for high-tech portable and remote 

applications such as space research, nuclear industry, medical applications and others (Owens, 

2019; Chen et al., 2010). 

The silicon photomultiplier (SiPM) is an array of single photon avalanche diodes (SPADs), 

sensitive to single photons, with very fast response and the capability to provide high internal 

gain (up to the 107 range) compared to the photodiodes (unity gain), the avalanche diodes (102 

range) and the SPADs (103 range) (Cates et al., 2022).  

The technological advancements of the semiconductor industry made this architecture 

possible, with the capability to measure the impacts of single photons with the huge output gain 

which could be further processed by the follower electronics. The output of the SiPM could 

provide information about the energy of the radiation source using the amplitude of the pulses, 

and the severity could provide information about the intensity of the radiation environment 

around the SiPM. The essence of radiation measurement using SiMP is shown in the figure 

(Wikimedia, Politecnico Milano, www.everyphotoncounts.com). 

 

The silicon photomultipliers have several advantageous characteristics, including high 

photon detection efficiency (PDE), good single photon time resolution (SPTR), high gain that 
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translates to single photon counting capabilities, and ability to be tiled into large arrays with 

high packing fraction and photosensitive area fill factor. However, they also have a trade off in 

high uncorrelated and correlated noise rates (dark counts from thermionic emissions and optical 

photon crosstalk generated during avalanche) which may complicate event positioning 

algorithms (Chen et al., 2016). 

The presentation will give an overview of the possibilities and use-cases of the most up to 

date SiPMs with the advantages and disadvantages and important tradeoffs of these novel 

semiconductor parts. 
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Hydrogen is considered as one of the promising alternative energy carriers due to its high energy 

density, zero carbon emissions during use, and its potential to be produced from renewable 

energy sources. However, the development of effective and efficient hydrogen storage 

technologies is a critical barrier to the widespread use of hydrogen as an energy carrier. In this 

paper, we will discuss the design methodology of hydrogen storage options and their suitability 

for stationary applications, particularly in buildings. 

It is also applicable for houses, since the hydrogen related equipment are scalable, so they 

can serve a family house with 5-6 kW of H2 production and back conversion to electricity and 

also more family houses with up to MW scale energy need. Some examples showed that this 

technology can be used in domestic buildings:  

• The Green Village, fieldlab voor duurzame innovatie 

• Hydrogen House Project - Hydrogen House Project: Home 

• Phi Suea House 

• Italian researchers have built the first hydrogen-powered house in Europe | Euronews 

• First Hydrogen Homes open to the public | Cadent (cadentgas.com) 

• [H2] Hydrogen Home | SoCalGas 

But these are unical and the technology is not popular – so, a technology transfer process is 

needed. 

According to the EU hydrogen strategy (2020), hydrogen will be a key energy carrier by 

2030, like now natural gas is, and there will be a supply chain available and even H2 gas network 

at some places. Also, now this process has been accelerated as a consequence of the Russian 

war in Ukraine. The Green Deal 2022 agrees that 45% of renewable energy should be used in 

EU by 2030, which goal is only reachable when the energy is stored as well, mostly in H2. 

Therefore, there’s an aim to have 17,5 GW electrolyser capacity by that year. 

For domestic houses there are more possibilities to use hydrogen in the future: 

• Use H2 blended natural gas from the old gas network without any further investment, 

• Connect to a new H2 network or to a bottled supply chain (there are no networks yet and 

also the bottled H2 access is limited currently),  

• Generate the H2 on site, store it and convert it back to electricity and heat. (At current 

maturity of the technology and lack of supply chain capacity this is the only option.) 

Local generation and storage is already possible with components on the market - also some 

integrated solutions are existing in limited sizes. A hydrogen house needs excess energy to be 

converted and stored in H2 which can be generated by solar energy - a photovoltaic (PV) system. 

It is well known, that solar panels produce far more energy in the summer than in winter, due 

to the suns track and weather conditions.  

A PV system can be sized that way, that it generates enough energy in summary for a year, 

taking also H2 conversion losses into account. An example system contains the following 

components (Fig. 1): 
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 A solar PV system to produce energy and even enough excess energy which will be 

stored for wintertime. 

 An electrolyzer with water supply to produce hydrogen. 

 A compressor to pressurize the gas into containers. 

 A fuel cell to convert H2 directly back to electricity and provide heat energy for the heat 

demand of the house. 

 A battery to serve the peaks as the fuel cell needs time to scale up its production. 

 

 

Fig. 1. System components of a household H2 based storage system 
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Cooking is a fundamental part of human being activity as food is one of the basic necessities 

for living. Commonly used sources of energy for cooking are firewood, crop residue, cow dung, 

kerosene, electricity, liquefied petroleum gas (LPG), biogas etc. Half of the world’s population 

is exposed to indoor air pollution, mainly the result of burning solid fuels for cooking and 

heating. Wood cut for cooking purpose contributes to the 16 million hectares of forest destroyed 

annually in worldwide.  

The World Health Organization (WHO) reports that in 23 countries 10% of deaths are due 

to just two environmental risk factors: unsafe water, including poor sanitation and hygiene; and 

indoor air pollution due to solid fuel usage for cooking. In under-developed countries, women 

have to walk 2 km/h on average and spend significant amount of time for collecting the 

firewood for cooking. The cooking energy demand in rural areas of developing countries is 

largely met with biofuels such as fuel wood, charcoal, agricultural residues, and dung cakes, 

whereas LPG or electricity is predominantly used in urban areas (Prasanna and Umanand, 

2011). 

Since cooking is integral part of each and every household, cooking with solar energy will 

reduce the large difference between supply and demand of energy in future. With increasing 

population and economic growth, utilization of solar energy is a must for sustainable living 

(Purohit et al., 2002).  

Due to exponential raise in the world’s population and resulting growth of industrial 

activities, the energy requirements are such that fossil fuel cannot be the only source on a 

sustainable basis. This implies that one has to look for alternate sources of energy which are 

more environmental friendly, cleaner and renewable. Existing cooking fuels are either derived 

from fossil fuels like LPG, kerosene etc. or air polluting like firewood, crop residue, and cow 

dung. Heat transport has been one of the most difficult and inefficient tasks in thermal energy 

management. In solar energy system a transportation of heat energy from storage to cooking 

place is often viewed as challenge due to lack of an effective heat transfer medium. It often 

results in costly heat transfer losses and reduced overall efficiencies of the solar cooking 

application. During the transportation of heat energy in solar cooking system enormous amount 

of heat is lost because of improper insulation and inadequate heat energy transportation system 

which is heat pipe. Significant heat lost in transfer over considerable distances. 

Therefore, design of efficient solar energy transportation system from the storage to cooker 

based on numerical modeling and experimental test of high temperature heat pipe development 

has been attracting interest because using the stored solar energy effectively for cooking 

application minimizes energy wastage controversy. 

In another way, the using of solar energy for cooking application have been alarmingly 

increased and widely accepted, since the method of solar energy transportation system and 

cooking efficiency should be updated and simplified.  
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Heat transport has been one of the most difficult and inefficient tasks in thermal energy 

management. In solar energy system a transportation of heat energy from storage to cooking 

place is often viewed as challenge due to lack of an effective heat transfer medium. It often 

results in costly heat transfer losses and reduced overall efficiencies of the solar cooking 

application. During the transportation of heat energy in solar cooking system enormous amount 

of heat is lost because of improper insulation and inadequate heat energy transportation system 

which is heat pipe. Significant heat lost in transfer over considerable distances. 

Major challenge in solar energy transport is to bring heat energy obtained from the sun to 

the kitchen for cooking application. Energy transferred from solar insolation to the cooking load 

has to be optimized to maximize the overall efficiency. Here are some existing solar cooking 

technologies (Figs 1-3). 

 

   
Fig. 1. Box type solar 

cooker 

Fig. 2. Panel solar cooker Fig. 3. Parabolic solar cooker 
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There are two types of solar water heating systems (SWHS), active and passive SWHS. The 

difference between active and passive SWHS is how the water circulates between the 

tank/reservoir and solar collector. In the active SWHS, the pump is used to circulate between 

them, meanwhile, in the passive SWHS the principle is based on natural convection (Grofu & 

Cercel, 2019). A useful energy from the solar collector can be expressed as a measure of the 

amount of heat transferred to the fluid passing through it (Odigwe et al., 2013). 

Temperature, pressure requirements, and heat transfer values are the most common 

parameters of each solar collector for analysis and evaluation (Wassima et al., 2019). The data 

collection can be quite expensive for the number of sensors and data loggers with their 

specifications. To get an affordable data logger, the objective of this study is to measure the 

parameters to be stored in an SD card based on the Arduino platform. 

The parameters of SWHS being monitored are the inlet and outlet water temperature of the 

solar collector, the inlet and outlet water pressure of the solar collector, and the water flow rate 

throughout the solar collector. The predicted water operating temperature is not more than 80oC, 

while the predicted water operating pressure is not more than 2 bar. The flow rate is not more 

than 30 lpm because of the maximum capacity of the pump being used in the active SWHS.  

The sensors and components used in this study are shown in the below Table. 

Sensors & Components Specifications Qty 

K-Type Thermocouple with 

MAX6675 Amplifier 

Operating voltage range: 3.0 to 5.5 V 

Operating temperature range: -20 to 85 ºC 

MAX6675 communicates with a microcontroller 

using SPI: 3 Digital Input (MISO, CS, CLK)  

2 

Pressure Tranducer Working Voltage: 5.0 V DC 

Output Voltage: 0.5-4.5 V DC 

Working Current: <=10 mA 

Working Pressure Range: 0-1 MPa 

Working Temp. Range: 0-85 oC 

Communicates with a microcontroller using 1 

Analog Input 

2 

YF-S201 Water Flow Sensor Sensor Type: Hall effect 

Working Voltage: 5 to 18 V DC 

Output Type: 5 V TTL 

Working Flow Rate: 1 to 30 Liters/minute 

Working Temperature range: -25 oC to +80 oC 

Working Humidity Range: 35% - 80% RH 

Accuracy: 10% 

Maximum water pressure: 2.0 MPa 

Communicates with a microcontroller using 1 

Interrupt Pin 

1 
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RTC DS3231 Seri SN Real 

Time Clock I2C 

Operating Temperature Ranges: 0 oC to +70 oC 

Accuracy 2ppm from 0 oC to +40 oC 

Accuracy 3.5ppm from -40 oC to +85 oC 

Operating voltage range: 3.3 V and 5 V 

Communicates with a microcontroller using: 3 

Digital Pin (RST, DAT, CLK) 

1 

MicroSD Card Adapter Operating voltage range: 4.5 V ~ 5.5 V, built-in 3.3 

V Regulator 

Communicates with a microcontroller using SPI: 

(MISO, MOSI, SCK, CS) 

1 

LCD 2004 I2C LCD Operating voltage: 5 V 

Communicates with a microcontroller using SCL, 

SDA 

1 

All components need 15 Digital I/O, 1 Interrupt Pin and 2 Analog Input. The Arduino UNO 

meet the needs of microcontroller for this data logger, with using 4 Analog Input as Digital 

Input. 
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Solar energy, harnessed from the sun's radiant light and heat, has emerged as a cornerstone 

in the pursuit of sustainable and renewable energy sources. It represents a clean, inexhaustible, 

and increasingly cost-effective alternative to fossil fuels (Machi et al., 2022). In the context of 

growing environmental concerns and the urgent need for reducing greenhouse gas emissions, 

solar energy offers a viable solution for diverse energy needs (Kabeel et al., 2016). This energy 

form is versatile, supporting varied applications ranging from residential power generation to 

large-scale solar farms. Crucially, innovations in solar energy technology are pivotal in 

addressing the challenges of climate change and energy security. 

Among the innovative applications of solar energy is the development of solar air collectors, 

devices designed to convert solar energy into thermal energy by heating air. These collectors, 

vital for space heating, drying processes, and even in augmenting traditional heating systems, 

are a testament to the adaptability of solar technology in everyday applications. They are 

environmentally friendly, reduce dependence on conventional energy sources, and are 

increasingly considered cost-effective for heating needs. 

This study focuses on conducting a comparative analysis between two types of solar air 

collectors: single-pass (SPSAC) and double-pass (DPSAC). Both collectors, identical in 

dimensions and materials, differ only in the number of passes the air makes through the system. 

The SPSAC allows air to pass once over the absorber plate. In contrast, the DPSAC facilitates 

a two-stage heating process, with air passing above and underneath the absorber plate. To 

achieve the research aim, the collectors were compared under several mass flow rates, providing 

insights into how these rates are influencing the efficiency. A detailed schematic view of the 

tested rigs, illustrating the differences between the SPSAC and DPSAC systems (see in Fig. 1).   

 
Fig. 1. Schematic view of the test rigs 
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The findings of the study highlighted distinct performance characteristics between the  tested 

collectors. Notably, the DPSAC consistently achieved a higher outlet temperature than the 

SPSAC, regardless of the mass flow rate. This points to a more efficient heat transfer process 

in the double pass system. Additionally, the DPSAC exhibited a lower absorber plate 

temperature compared to the SPSAC. This observation is indicative of a more effective heat 

transfer rate in the double pass system. The larger heat exchange area provided by the double 

pass design allows for more efficient transfer of heat from the absorber plate to the air, resulting 

in lower plate temperatures and higher overall system efficiency.  

In terms of thermal efficiency, the double pass system also surpassed the SPSAC. However, 

it's important to note that there was a considerable increase in pressure over the fan in the double 

pass collector compared to the single pass. This higher pressure signifies greater airflow 

resistance, a factor that needs to be considered in the design and application of these systems. 

The obtained results reveal that DPSACs are more efficient than SPSACs. This higher 

efficiency is mainly due to better heat transfer and a larger area for heat exchange in the double 

pass design. These findings are important for improving solar air collector technology. They 

show how design changes can make solar energy use more effective and sustainable. 
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As it is well-known, the problem of symmetry of incommensurately modulated crystals 

represents even nowadays one of the most interesting problems, not in the domain of the 

classical crystallography only, but in the domain of the whole condensed matter physics, too, 

including liquid crystals.  

The basic problem is that the classical crystallographic symmetry descriptions cannot cover 

the factically existing (i.e. the experimentally proven) structure symmetries of such systems, 

which are e.g. nevertheless able to scatter X-rays, neutron sor electrons coherently. Some earlier 

studies about applications of the theory of line groups (which are the exact symmetries of the 

quasi-one-dimensional (Q1D) systems, and which have succesfully been applied in structural 

investigation of polymers for decades. 

There are even nowadays very well-elaborated algorithms belonging to the group 

representations theory founded decades ago (Elliott and Dawber, 1977), but which are also 

very effective ones from the point of view of solving of the most accurate problems of the 

condensed matter physics necessary for treatment of the still unsolved scientific research 

problems in this area.  

Moreover, such types of symmetry analysis methods have successfully demonstrated the 

usefulness of the finite chain-type systems, if we are interested spectroscopic investigation 

results in such types of the most complex condensed matter systems containing finite chain-

type subsystems e.g. (Kirschner and Mészáros, 2001; Barros et al., 2006; Mészáros et al., 

2019). 

Finally, in the present study, application of projective representations of line groups will also 

be demonstrated for obtaining of selection rules relevant for collective elementary excitations 

at Raman-type scattering processes. 

In order to realize this programme in detail, we start here from the basic group-theoretical 

relation relevant for analysis of possible quantum-mechanical transitions from given initial to 

allowed final states of atoms, molecules, crystals, because we think, that this seemingly very 

well-known symmetry method may give us promising absolutely new crucial analytical 

methods for very effective analyses of results emanating from the most accurate newest group 

theoretical algorithms. 
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Global energy consumption is increasing every year because of the human population growth, 

and this causes energy needs to also increase (Baratov & Pirmatov, 2020). Unfortunately, we 

will face a shortage of fossil fuels in the coming decades. The fossil sources, including oil, coal, 

and natural gas are non-renewable resources that formed when prehistoric plants and animals 

died and were gradually buried by layers of rock. Therefore, the availability of reserves and 

renewable energy is an important concern. Renewable energy is referred to as clean energy 

because comes from natural sources. The most popular renewable energy sources currently are; 

wind energy, solar energy, hydro energy, geothermal energy, and biomass energy. 

Wind is one of the sources of electricity generation and become the cheapest energy source 

in the world(Vadi et al., 2020). Wind energy turns a turbine’s blades, which feeds an electric 

generator and produces electricity. So that wind can be used as an energy source, it is necessary 

to design a generator that has optimal performance and is cheap to produce electrical energy 

(Irfan et al., 2020).  

Designing and manufacturing of low-speed permanent magnet generators (PMG) for small-

scale electric power plants (Idayanti et al., 2016) have been conducted using NdFeB bonded 

magnets made using commercial magnequench MQEP 16-7 magnetic powder was 

manufactured by Magnequench Int. Magnetic powder has been formed using a compaction 

machine with a pressure of 4 tons and heated at a temperature of 150-200 degrees Celsius for 2 

hours. Bonded magnets produced by the compaction process and heated are then carried out 

axial flux magnetic alignment using the magnetizer machine Magnet Phisyk-Germany with an 

impulse system of 2500 Volt 20000 amperes which produces a magnetic flux density of 2 Tesla 

with a fixture coil used to produce a 2-pole magnet. Bonded magnets characterized their 

magnetic properties with permagraph Magnet Phisyk-Germany and Gauss meter Yokogawa.  

The low-speed permanent magnet generator is designed as shown in figure 1 which consists 

of three rotors and two stators in figure 1(a) and details of one rotor attached to 12 magnets in 

figure 1(b). 

The generator is designed to work at a certain rotation with the induced voltage generated 

can be calculated by the equation: 

 

                                𝐸𝑟𝑚𝑠 =  
𝐸𝑚𝑎𝑥

√2
=  

2𝜋

√2
 𝑥 𝑁 𝑥 𝑓 𝑥 Φ𝑚𝑎𝑥 𝑥 

𝑁𝑠

𝑁𝑝ℎ
               (1) 

 

Erms  is the induced voltage (Volt), N Number of windings per coil, f frequency (Hz), ɸmax flux 

magnet (Wb), Ns number of coil, Nph number of coils per phase. 

              Φ𝑚𝑎𝑥 = 𝐴𝑚𝑎𝑔𝑛 𝑥 𝐵𝑚𝑎𝑥                                     (2) 

 

Amagn: magnetic flux area (m2), Bmax: maximum magnetic flux density (Wb/m2). 

                      𝐴𝑚𝑎𝑔𝑛 =
𝜋 (𝑟0

2− 𝑟𝑖
2)− 𝜏𝑓 (𝑟0−𝑟1) 𝑁𝑚

𝑁𝑚
                                     (3) 
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r0 = magnetic outer radius (m2), ri = magnetic inner radius (m2), τf = distance between magnets 

(m) and Nm = number of magnets. 

               𝐵𝑚𝑎𝑥 = 𝐵𝑟  
𝐿𝑚

𝐿𝑚+ 𝛿
                                                  (4) 

Br = magnetic flux density (Wb/m2)., Lm = magnetic length (m) and δ = stator-rotor distance 

(m).  

                                       𝑓 =
𝑛.𝑝

120
                                       (5) 

f = frequency (Hz), n = number of rotations (rpm), and p = number of magnetic poles. 

The generator system designed in Fig. 1 (a), on the stator installed 9 coils and each coil has 

100 windings, while the rotor consists of 12 magnets facing each other between the 1st rotor, 

the 2nd rotor and 3rd rotor, the distance between the rotor and stator surface is 1mm. 

Surface mounted type is selected as the rotor structure as all flux faces to stator winding and 

take a role in energy conversion. 

 

 

 

 

 

 

 

(a) Generator system (b) Magnets rotor 

Fig. 1. Design of low rpm permanent magnet generator 
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The expansion of large-scale photovoltaic (PV) installations has firmly established renewable 

energy as a key player in our pursuit of sustainability. However, the integration of PV into the 

energy landscape presents a multifaceted set of challenges, encompassing issues like 

intermittency, economic viability, and land requirements, particularly concerning large-scale 

PV systems. These challenges are rooted from the intermittent nature of solar power, which 

necessitates storage solutions to mitigate fluctuations and bolster the reliability of the power 

system. To address this, various enabling technologies have been proposed, including storage, 

complementarity, and power electronics, to facilitate the integration of large-scale renewables, 

especially PV. 

Enabling technologies encompass both the physical infrastructure and the automation 

technology needed to support enhanced systems integration, data collection, resource 

dissemination, and efficient demand response. This holistic approach improves the 

functionality and efficiency of energy systems, ultimately fostering greater deployment and 

utilization of renewable energy. While enabling technologies themselves offer novel 

opportunities for renewable energy, there is a need to delve into additional considerations to 

promote broader PV system integration. These considerations span various technical, 

regulatory, and market aspects, all of which can unlock synergies between PV generation and 

various enabling technologies, leading to more optimized outcomes. 

Enabling technologies bring a range of services and benefits to individual consumers, energy 

providers, and the energy system as a whole. They aid in balancing supply and demand, 

enhancing power grid stability, and providing backup energy during outages or shortages. 

Moreover, an important development has been the expansion of product options, increased 

coupling of storage with solar PV generation, and ongoing advancements in diverse storage 

technologies. As a result, multiple energy storage technologies, such as pumped storage, Li-ion 

batteries, flow batteries, flywheels, and hydrogen-based systems, are under development, each 

with distinct characteristics and control strategies vital for grid-scale implementation (IRENA, 

2019). 

To address intermittency, the combination of solar PV with wind power has gained 

prominence due to their capacity to smooth out fluctuations. However, the role of storage and 

curtailment remains pivotal in maximizing energy utilization and enabling higher penetration 

(Solomon et al., 2019). Despite the considerable research on large-scale PV integration, power 

quality aspects have received limited attention. Nevertheless, modern inverters, equipped with 

more flexible designs, hold potential solutions to various power quality issues and are expected 

to play a transformative role in meeting ambitious renewable energy targets (Blaabjerg et al., 

2023). Notably, there is a gap in the existing literature concerning a comprehensive evaluation 

connecting large-scale renewable (PV) penetration, storage, curtailment, and power quality. 

In light of these considerations, this abstract underscore the significance of addressing large-

scale PV integration, with enabling technologies with specific focus on storage, curtailment, 

and complementarity. The combination of PV with wind power is a valuable strategy for 

mitigating intermittency, while storage and curtailment are essential for optimizing energy 
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usage and facilitating higher penetration. We have developed a model that optimizes storage 

size to achieve substantial penetration with reasonable storage and curtailment at reduced 

balancing needs. Our findings indicate that a 90% penetration rate is attainable with reasonable 

storage and curtailment strategies, and the possibility of reaching 100% renewable penetration 

becomes evident based on our comprehensive data. In our future work, we will explore 

predictive analytics to enhance power quality and reliability by forecasting power generation 

characteristics. 
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Using chemical pesticides to control plant pests causes many adverse effects, including 

environmental pollution and being dangerous for humans if pesticides attached to plants are 

consumed (Heri Wibowo, 2016). 

Tobacco stems are part of the tobacco plant that are used as waste. However, tobacco stem 

waste has the potential as a pest exterminator in plants because it contains nicotine, saponins, 

flavonoids, and pyridine, all of which can be toxic to insects (Aswantini, 2008), (Abdi R, 2010) 

(Gondodiputro, 2017). Biomass in tobacco stems can be used as a pesticide by pyrolysis using 

a biomass reactor. Pyrolysis is a process of thermal decomposition of biomass involving rapid 

heating above 200 ℃ - 600 ℃ with conditions of minimal oxygen or no oxygen at all into gas, 

liquid, and solid, where hydrocarbon molecules from biomass are broken down into smaller 

hydrocarbon molecules (Chitti Y, 2013). 

This research aims to design and manufacture a pyrolysis reactor to produce liquid smoke 

raw materials from tobacco stems with a tobacco stem capacity of 25-65 kg, and target pyrolysis 

reactor temperature range of 200 ℃ - 450 ℃. The description of Fig. 1 components are as 

follows: 1. Reactor Cover, 2. Reactor Tank, 3. Reactor Furnace, 4. Thermocouple, 5. Isolator. 

 

 

 

Fig. 1. Pyrolysis Reactor 

Schematic 

Fig. 2. Reactor Temperature Simulation 

The type of reactor designed and made is a batch-type reactor because its operation is not 

continuous. The reactor designed and made has three main parts: the reactor lid, reactor tube, 

reactor furnace equipped with a combustion chimney, and a burner holder.  

The reactor dimensions are 700 mm in diameter and 1200 mm high, using mild steel plate 

material with a thickness of 1.5 mm. This reactor tube has a diameter of 500 mm and a reactor 

height of 1110 mm, using mild steel plate material with a thickness of 1.5 mm. The reactor tube 

is the most crucial component, which functions as a place for the pyrolysis process of tobacco 

stems. Fig. 2. shows the results of the temperature simulation design, the maximum temperature 

is 499 ℃. 
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In the process of testing the function of the pyrolysis reactor, the tobacco stems are first 

chopped 5-8 cm before being put into the pyrolysis reactor and then heated in a closed reactor 

for a maximum of 6 hours.  

The results of functional testing of the tobacco biomass pyrolysis reactor are that liquid 

smoke can be produced at pyrolysis temperatures around 200 ℃. At 30 to 60 minutes of reactor 

heating, the liquid smoke produced is white to brass. At 90-150 minutes of heating, it produces 

greenish liquid smoke; above 180 minutes, it produces brownish to blackish liquid smoke. The 

maximum temperature after heating for up to 6 hours is 224.8℃. 
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Indonesia is a tropical country that has 2 seasons, i.e., the rainy season and the dry season. Apart 

from that, Indonesia is a country that crosses the equator which makes Indonesia special 

compared to countries that are far from the equator, therefore the animals and plants can live 

well throughout the year because the sun continues to shine over the year.  

Seasonal changes between the dry season and the rainy season will have an impact on soil 

moisture which will vary, therefore the plants can grow well throughout the year.  It is necessary 

to regulate/control watering based on soil moisture. Based on the statement above, it is 

necessary to utilize unlimited solar energy (4.5 kW/m2) by photovoltaic which is used to create 

a smart garden so that if the soil moisture is below the value expected by the plants, then the 

irrigation system for watering the plants can be controlled with input over time, such as 

morning, afternoon or evening. The schematic diagram of the photovoltaic support directly the 

plants is shown in Fig. 1. The soil moisture value sensed by the soil moisture sensor will be 

controlled using an Arduino or Programmable Logic Controller. 

 

Fig. 1. The concept of agrivoltaic components  
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The schematic diagram of the soil moisture controller is shown in Fig. 2. 

 

Fig 2. Soil moisture controller concept schematic 

Figs. 1 and 2 image descriptions: 

1. Photovoltaic 

2. Solar Charge Controller 

3. Battery 

4. Inverter 

5. Panel Box 

a. Terminal Block 3 Pole 

b. Fuse 

c. Programmable Logic Controller 

d. Transformer Step Down  

e. Arduino 

f. Relay 

g. Terminal Block 12 Pole 

h. Power Supply 

6. Pump 

7. Valve 

8. Hydroponic 

9. Sprinkler 

10. Moisture Sensor 

By utilizing the controls above, farmers' work will be easier and they will get the expected 

harvest results. 
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The Organic Rankine Cycle (ORC) is the same as the conventional steam but uses the low 

boiling temperature of organic fluids instead of water. Various advantages of the ORC system 

are high efficiency, low turbine cost, compact size and the most important one is the 

environmental-friendly.  

The main disadvantage of the ORC system is that a separate precaution to prevent the leakage 

and contamination of the organic fluid. Although ORC can generate electricity in low-range 

temperatures, it still needs heat resources from another system. There is a lot of heat resource 

in Hungary that can be combined with ORC among others is used solar thermal as a heat source.  

Solar Thermal is one of many heat sources that can support the ORC system. The advantage 

of using solar thermal as a heat source when combine with an ORC system, it can provide 

affordable energy supplies in remote areas and is suitable in disaster territory. The amount of 

annual global horizontal irradiation for Indonesia is between 1314 to 2191 kWh/m2, which 

makes it a relatively good site for installing solar thermal collectors (GHI, 2020). This makes it 

an ideal place for putting solar thermal collectors in conjunction with an ORC system.  

Solar collectors and heat storage are the two primary subsystem components in solar thermal 

applications. A solar collector is the component in solar thermal applications that converts solar 

irradiation energy to heat energy via a working fluid; a good optical performance is required to 

absorb as much heat as feasible. 

    

Fig. 1. Organic Rankine cycle: experimental setup (left), schematic setup (right) 
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The study reports the extent of the progress of solar-ORC research that has been carried out. 

Fig. 1 (left) is a prototype of the ORC experimental setup using a water heater as a heat source 

with a maximum temperature of up to 65-70 °C. Meanwhile, Fig. 1 (right) is a schematic of the 

ORC setup where there is the addition of a bypass and expansion valve to channel the working 

fluid without going through the turboexpander with the aim that the working fluid that will enter 

the turboexpander has reached the desired phase and properties.  
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Dual axis Solar Tracker System (STS) is a tool used to control the angle of incidence of sunlight, 

and it should be perpendicular to the surface of the photovoltaic (PV). The STS uses 2 (two) 

axes in order to ensure that the incidence of sunlight is perpendicular to the PV’s Surfaces, in 

terms of tilt and azimuth angles.  

The purpose of this research is to design and realize a rig, that will be controlled by Arduino 

and is driven by a DC Low-Speed Gear Worm Box Motor, and the sensor is an amorphous solar 

cell. There are 4 (four) amorphous solar cells with specifications of 18.75 µW, and 2.4 Volt for 

2 axes (Azimuth or Tilt Sensor) and each axis has 2 units amorphous or one pair. Other 

references informed that STS can improve the efficiency at a range of 24-39%, whereas the 

previous efficiency for fixed systems is at a range of 16% – 24%, especially for monocrystalline 

technology. 

Referring to these efficiencies, it is found that when using STS, we just need 4.09% 

(maximum) of the total energy motor to drive a PV.  

The challenges are to make a rigid rig, reliable mechanical system, reliable control system, 

and low cost of production. These issues can be solved using the equipment as illustrated in 

Fig. 1. 

 

 

Fig. 1. The concept of rig of STS system 
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Mechanical Rig must use hollow with anti-corrosive paint protection and have good welding 

quality. 

Mechanical systems must use gear transmission from stainless material or minimal 

transmission for Azimuth and Tilt from metal that is protected from corrosive environments or 

must be contained in a protective case that ensures that water does not enter when it rains. 

Power control (solar charge controller), battery, inverter, and other electric equipment, the 

control system especially control component, motor driver, and other control equipment must 

be placed in a room with low humidity to protect them from the corrosive, as an effect of 

environment contact and its long-time operation. Moreover, the rig and control equipment 

should have a distance maximum of 4 meters, because their cables are resistant caused of the 

speed of the motor's problem. 

Specifically for Arduino, the pin connection must have an interface between the male and 

female pin to protect it from bad contact, so the cable may not direct contact with the 

male/female Arduino’s pin. 

For rural home power applications up to 4.000 Wp of photovoltaic, it can be installed in 

several rigs, the output electric power can be installed in parallel to maintain the output voltage, 

so that still use standard equipment on the market for easy spare parts and easy maintenance, 

so housing in rural areas has an independent electricity source without having to depend on the 

state electricity company (Off Grid). 
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Referring to the Indonesian government's renewable energy mix target, as stipulated in the 

National Electricity General Planning Document 2018-2037, the target share of renewable 

energy in Indonesia is 23% in 2025, and it can be supplied by available renewable energy 

resources in Indonesia: hydro, solar, wind, bioenergy, and geothermal energies. However, by 

the end of 2019, Indonesia’s share of renewable energy was achieved only 9.2%.  

The potential and realization of all the Indonesia’s renewable energy resources can be found 

in Table 1.   

Table 1. Indonesia renewable energy potential and realization 

Renewable energy resource Potential (GWp or GW) Realization (GWp or GW) 

Solar energy 207 0.1 (0.02%) 

Geothermal 11 1,9 (0.4%) 

Hydro, mini hydro, kacro 

hydro  

75 5.8 (1.3%) 

Wind energy 60 0.2 (0.03) 

Bioenergy 32 1.9 (0.04%) 

 

A lot of implementation and applied research activities are needed in order to accelerate the 

utilization of renewable energy, including solar energy utilization, especially in solar power 

plants (SPP). 

Regarding the National program of SPP, the Cirata floating photovoltaic power plant located 

in Cirata Reservoir, West Java, with a capacity of 145 MW or 195 MW(p), was inaugurated on 

November 9, 2023, and actually this is a milestone for Indonesia, as furthermore this plant can 

be said as the largest floating solar power plant in Southeast Asia (previously the largest is the 

Tengeh floating solar power plant in Singapore (IESR, 2023). The situation of the Cirata 

floating photovoltaic power plant shows in Fig. 1. (NS Energy, 2023) 

 

Fig. 1. Cirata floating photovoltaic power plant 
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Cirata floating photovoltaic power plant need a land area of 200 hectare. The system totally 

uses a smart grid concept, which combines smart power plant, smart transmission, smart 

distribution, and smart control system. 

In the other side, research activities of solar energy at research institutes or universities, like 

Institut Teknologi Nasional Bandung (ITENAS Bandung) simultaneous was carried out, as a 

response to the global challenges in the environmental issue and depletion of conventional 

(fossil) energy (Rusirawan and Farkas, 2023) 

At the ITENAS Bandung, research intensively in this field was enlarged since the 

collaboration with the Hungarian University of Agriculture and Life Sciences (MATE), 

Godollo campus. By 2018, ITENAS Bandung has operated a 1 kWp solar power plant (SPP), 

as a research facility for the PV thematic field. Until the present, some research work activities, 

for BSc & MSC students in ITENAS Bandung and PhD student in Gödöllő campus of MATE, 

have been implemented and can be summarized as follow: 

– Modelling of the PV modules of the SPP by single and double diode model using Visual 

Basic for Application (VBA) Microsoft Excel and SIMULINK; 

– Modelling of the PV modules characteristics using Fuzzy Time Series (FTS) Algorithm; 

– Modelling of the PV modules using Seasonal Autoregressive Integrated Moving 

Average (SARIMA) Algorithm; 

– Development of an SPP cooling system to increase the SPP performance; 

– Modelling of the PV energy production using Machine Learning (Naive Bayes and 

Support Vector Machine Algorithms); 

– Realization of a prototype Security System Based on IoT for village protection; 

– Application of the PV and the Internet of Things (IoT) in the farming field; 

– Application of solar energy in the Organic Rankine System; 

– Development microprocessor-based of prototype solar tracker system; 

– The feasibility study of substitution of the steam power plant to the solar power plant; 

– Study and realization of agrivoltaics for the tropical climates. 
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According to the Downstream Oil and Gas Regulatory Agency, national fuel consumption in 

Indonesia in 2018 increased from the previous year, 55 million kiloliters to 75 million kiloliters. 

The increase in fuel oil needs requires the petroleum processing industry to increase production 

so that fuel oil is sufficient. The increase in oil demands every year must be anticipated by 

taking appropriate efficiency in petroleum processing. 
In this research, the problem occurs is the existing heat exchanger in the Catalytic 

Condensation Unit (CCU) in the petroleum processing industry does not work optimally where 

the temperature does not comply with industry process standards of 150 oC-180 oC. This will 

affect the subsequent process in the reactor, it does not react completely and the product results 

in the Catalytic Condensation Unit (CCU) will not be in accordance with production needs and 

affect the effectiveness of the entire unit. 

The performance of the heat exchanger can be seen from the coefficient heat transfer and is 

characterized by an inappropriate output temperature, this may occur because the pressure drop 

and fouling are too high (Salahudin et al, 2015). Baffles are one of the basic components of 

shell and tube type heat exchangers (Fig. 1) which is a very important role in regulating the 

fluid in the shell (Ahmed et al, 2017). The type of baffle used can influence the pressure drop, 

fouling and heat transfer coefficient of a heat exchanger so that it can be one of the 

improvements (Jayachandriah et al, 2015). 

 

 

 

 

 
 

 
 

Fig. 1. Illustration of segmental baffles to helical baffle 

Heat Transfer Research Inc (HTRI) software helps to see the performance of replacing 

segmental baffles with helical baffles with the aim of obtaining optimal heat transfer so that the 

output temperature can be achieved. 
The use of helical baffles requires selecting the angle to get optimal results. The angle 

variations chosen include 3o
, 6o, 9o, 12o, 15o 18o, and 21o. Giving an angle depends on design needs, 

want to reduce pressure drop or increase effectiveness. The design required heat exchanger for 

the heating process is to increase effectiveness so that the problem of temperatures that do not 
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comply with operating standards can be resolved, around 150 oC – 180 oC. This design can 

increase effectiveness, but still with the design requirements, that is shell pressure drop <2 psi 

or <13.7895 kPa so that the effectiveness value remains high and the shell pressure drop meets 

the requirements, and the most appropriate angle of 6o is chosen. The values of the parameters 

are summarized in Fig.2. 

 

Fig. 2. Comparison simulation segmental baffles and helical baffle 

The use of a helical baffle with an angle of 6o produces a temperature output of 178.95 oC, 

an effectiveness value that increases from 0.68 to 0.74, an overall heat transfer coefficient of 

314.16 𝑊/𝑚2𝐾 and a shell pressure drop of 1.38 psi or 9.53 kPa. 
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A huge amount of PV systems have been installed during the last years also in relation with the 

observed climate change. Small private households with some kWp up to larger PV plants with 

up to 100 kWp or more have emerged during the last years. 

The present study deals with the use of PV systems in private households up to larger farms. 

We first look at the energy consumption of several different electrical devices and the suitable 

PV systems for operation. In a second step the combination between PV system installation and 

agriculture is investigated.  

Table 1 and 2 show the consumption of different devices and what is possible as a function 

of energy yield. 

 

Table 1: Rough estimation of possible operation of different electrical devices as a function of 

the PV system (clear sky day, summer around noon). (X = Total coverage of energy 

requirements possible at midday, summer, without clouds) 

Electrical device with typical 

power consumption in W 

Balcony power 

plant 0.8 kWp 

Roof PV 

5 kWp 

Agri_PV 

100 kWp 

LED lamp  

(1-9 W) 
X X X 

Normal light bulb  

(75 W) 
X X X 

Personal computer 

(70 W) 
X X X 

Hedge trimmer  

(70 W) 
X X X 

Electrical irrigation system 

with pump (20-70 W) 
X X X 

TV set 

(100 W) 
X X X 

Lawnmover 

(144 W) 
X X X 

Refrigerator 

 (80-150 W) 
X X X 

e-heating 

(300 – 2000 W) 
 X X 

Hair blower  

(2300 W) 
 X X 

Washing machine 

(1500 – 3000 W) 
 X X 

 

 

 

 



 

68 

 

 

 
 

 

Table 2: Possible operation of electrical device as a function of PV system for devices with 

battery 
Electrical device with typical 

power consumption in W 

Balcony power 

plant 0.8 kWp 

Roof PV 

5 kWp 

Agri PV 

100 kWp 

Lights for garden 

(5-150 W) 
X X X 

Motor 12 V with max 18  

(approx. 200 W) 
X X X 

e-scooter  

(250 W) 
X X X 

E tractor  

(1000000 W) 
  X 

 

Table 1 shows the electrical devices that may be operated using the yield of the various PV 

systems. We see that a balcony power plant may be used to operate most of the instruments 

used for gardening. Devices with battery up to e scooters may be fed with the self-produced 

electricity. Charging may take longer for PV systems with a smaller energy yield. 

Balcony power plants will have their limits with larger devices like washing machine or even 

hair blowers.   

Whereas larger PV plants may even be used to feed larger machines, at the same time the 

surface below the panels may be used for growing plants. 

The agri PV power plants have much more potential regarding the production of electricity 

and supply and operation of agricultural machinery.  

Different geometrical configurations of the PV plants were simulated for 3 crops in order to 

analyse the impact on incident solar radiation and the resulting decrease in crop yield. We found 

for maize and spring barley the largest decrease in yield which was on average for a 10-year 

period between 5 and 30%. For winter wheat the reduction in yield was much lower with 

reduction between 2 and 13% as a function of the respective geometrical configurations of the 

PV systems 
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Solar drying system is a system that uses solar energy to evaporate water from high humidity 

items, thereby drying them. The systems typically include solar collectors, chimney, fans or 

ventilation systems, and drying chambers. 

Solar air collector, drying chamber and chimney are important components of the drying 

system. Solar air collector absorbs solar radiation energy and supplies it to the system to dry 

items. Different absorbing plates have different abilities to absorb solar radiation. The amount 

of energy absorbed and its efficiency will affect the efficiency of the drying system.  

Drying chamber is used to place the items to be dried. The number and shape of the drying 

chamber will affect the efficiency of drying the items. The chimney is used to discharge gas, 

accelerate the flow rate of gas in the system, the length of the chimney height and internal 

structure will affect the flow rate and thus the efficiency of the system. 

Computational fluid dynamics (CFD) is a powerful and state-of-the-art numerical method 

for solving controlled partial differential equations for conservation of mass, momentum and 

energy in fluid flow and heat and mass transfer problems. In drying systems, the use of CFD 

analysis methods is gradually increasing in the evaluation of drying performance, the analysis 

of wind speed and humidity distribution, the evaluation of heat and mass transfer values in the 

drying process, and the design of drying systems (Daş et al., 2021).  

CFD analysis methods generally have three processes, pre-processing, processing and post-

processing. Pre-processing is mainly a series of preparation work and preprocessing steps that 

need to be carried out before numerical simulation. The main purpose of these steps is to ensure 

the accuracy, stability and validity of the numerical simulation. The main role of the processing 

stage is to simulate fluid flow and heat transfer phenomena using numerical methods to obtain 

information about the behavior and properties of the fluid system. Post-processing is the process 

of analyzing and visualizing simulation results. The main steps as shown in Fig. 1. 

 

Fig. 1. Main steps of CFD analysis (Malekjani and Jafari, 2018) 

mailto:Zhu.QuanKun@phd.uni-mate.hu
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In CFD simulation, the general basic steps are set up the geometry, meshing, choose 

material properties and apply the boundary conditions, solve fluid and heat transfer equations 

and grid independence test. The impact of changes in solar air collectors, chambers and 

chimney on the drying efficiency of the system is studied through air flow analysis, heat 

transfer analysis, mass transfer analysis and multi-physics coupling analysis of the drying 

system (Avargani et al., 2023). 

Relevant literature shows that solar air collectors, drying chambers and chimney all affect 

the efficiency of the drying system to a certain extent. The purpose of this study is to study the 

impact of solar collector absorption surface, cavity shape, chimney length and internal structural 

changes on the efficiency of the entire drying system through CFD simulation. Confirm the 

impact of each component on the efficiency of the entire drying system, and maximize the 

efficiency of the solar drying system by adjusting the component combination. 
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In the 21st century, growing interest in sustainable energy sources and the challenges of 

global climate change are driving the international community to transform the energy sector. 

The European Union (EU) is committed to promoting renewable energy sources in order to 

reduce environmental pressures and diversify energy production. The EU's efforts to reduce its 

dependence on countries exporting energy have created additional incentives for the research, 

development and deployment of renewable energy sources. Among renewable energy sources, 

solar energy is of paramount importance due to its highly diverse radiation potential in the EU. 

The exploitation of solar energy has become more efficient in recent years due to the 

development of solar cell technology (Costoya et al., 2022; Yang et al., 2022). 

Among photovoltaic (PV) systems, balcony solar modules represent another step in 

integrating renewable energy sources and increasing energy efficiency, especially in urbanized 

areas. A balcony PV system consists of a photovoltaic module or modules with a rated power 

of up to 800 W today. The essence of the concept is that the photovoltaic utilization of solar 

energy can be achieved with the help of easy-to-install PV modules installed on the balconies 

or facades of city apartments and buildings. The advantages of using balcony solar modules are 

twofold: 

 First, due to the lack of free space in urban areas, building surfaces, including balconies 

and facades, have significant potential for solar energy generation. The design and sizing 

of balcony PV modules allow urban buildings to be widely involved the utilization of 

renewable energy sources, thus contributing to achieving the EU's sustainable energy 

production targets. 

 Secondly, the practicality and easy mounting of balcony solar modules to existing 

buildings leads to significant cost savings. The need to renovate or transform buildings is 

minimal, as balcony PV modules utilize the external structures of buildings to collect 

solar energy. This modular solution not only reduces installation costs, but also increases 

the decentralized nature of energy production, which contributes to the stability of the 

energy sector (Behmann et al., 2023; Bögel et al., 2023; Zsiborács et al., 2023). 

This research focuses on balcony solar cell technology, with special regard to the Austrian 

and Hungarian populations. This work examines balcony PV systems with a nominal output of 

640 W. There is currently no comparative scientific research available for the two countries that 

determines the annual potential of balcony PV systems in terms of direct PV energy use, 

therefore this type of research is of great importance for understanding the optimal energy 

application of balcony PV systems. 
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Based on the research results, it can be concluded that the use of balcony solar modules can 

achieve significant electricity savings, which is of paramount importance for the spread of the 

use of sustainable energy sources and the reduction of environmental loads. 
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