Implementing Perturbation and Observation Algorithm with Nanofluid Cooling for Efficient MPPT in Photovoltaic Systems
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Abstract- The given paper describes a new method of increasing the efficiency of photovoltaic (PV) systems, such as perturbation and observation (PO) algorithm and nanofluid cooling processes. The main goal is to generate additional power and preserve the impact of thermal control. The study uses PO algorithm that is a typical MPPT algorithm to determine the maximum power point (MPP) of the PV module. The method can be facilitated by balancing the operating voltage by keeping the operating voltage constant and observe the generated power, until the MPP is reached. Nanofluids (containing nanoparticles) exhibit a greater thermal conductivity as compared to normal coolants. Dispersions of nanofluids in the PV cooling system enhance warming to the PV cooling system, lower the working temperature and improvement of the power conversion efficiency. This method has proven to be effective in the experimentation. The results of PO algorithm using nanofluid cooling (reduction of operating temperatures, increase of the power output) when compared with the conventional cooling and standard MPPT systems. The research makes an immense contribution to the existing literature in the photovoltaic (PV) technology and could be very significant in planning and implementation of renewable energy solutions infrastructure in the future.
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I. INTRODUCTION
Energy plays a crucial role in our daily survival, and recently, there has been a sharp rise in global energy consumption. Over time, this leads to energy shortages and climate change. These problems can be effectively addressed through research into renewable energy sources. The main advantages of renewable resources over fossil fuels are that they are non-polluting, constantly accessible, and sustainable in the long term.
 Renewable energy is described as energy that is generated using renewable geological sources like wind, tides, waves and solar radiation. One of the most important as well as commonly used renewable energy is solar energy. Each day, the sun sends energy onto the surface of the earth that is sufficient to meet the energy needs of humanity. In addition, most sources of renewable energy sources, including wind, tidal, and wave energy, mainly depend on solar energy. 
Solar energy is extensively used in the production of electricity, heat and light. The photovoltaic (PV) technology is of great importance as it directly converts the radiation to power based on the photovoltaic effect [1]. Nevertheless, solar photovoltaic generator panels are associated with two significant barriers. Solar photovoltaic (PV) cell conversion efficiency is relatively low at about 9-17 per cent, particularly when the irradiance is low.
 Secondly, the amount of electricity produced by solar PV panels is also dynamic and changes depending on the weather conditions. Additionally, the V-I property of the solar cell is non-linear and varies with respect to temperature and the irradiation [2]. Usually the maximum power point (MPP) is a specific point different on either the V-I or V-P curve. It means that the solar photovoltaic (PV) system will operate in the most efficient mode and generate maximum possible power output. 
One of the most outright applicable Maximum Power Point Tracking (MPPT) methods is evidently the standard P&O algorithm. Implementation is relatively simple, it is simple in design, less affected by the intrinsic capacitance of solar PV panels, and can be easily adapted to even more changing solar irradiance and temperature conditions. 
It is a slow reacting oscillator around the maximum power point (MPP), and can even change the operating point off the MPP because of its erratic nature when it responds to abrupt air conditions variations. This gave rise to several versions of P and O algorithm. An enhanced P&O MPPT is explained in [5] using the diode factor and reverse saturation current that is specified in each solar cell.
An improved P&O technology was developed that uses an adaptive algorithm to independently adjust the reference step size and hysteresis bandwidth, enabling power comparison in the Maximum Power Point Tracking (MPPT) method [6].
 Additionally, a new P&O MPPT algorithm was proposed, utilizing peak current control, small perturbation, and instantaneous values instead of averaged ones to enhance response speed and reduce oscillations around maximum power points [7]. Its simplicity, quick convergence, low cost, and minimal equipment needs are advantages; however, these also present limitations of current methods. To effectively monitor the V-I characteristic at the maximum power point (MPP) of a solar photovoltaic panel, a better P&O algorithm is suggested for this study.
 The simulation results of the developed P&O algorithm are compared with those of the traditional version to confirm its effectiveness. This work is divided into sections: Section II describes the mathematical model of solar PV panels; Section III introduces the new concept based on the improved P&O algorithm; and Section IV presents simulation results that verify the proposed algorithm, including a comparison with the conventional P&O algorithm on a digital signal processor (DSP). 
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Fig.1 Equivalent solar cell circuit diagram
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                                                     Fig.2 Working of Perturbation and Observation algorithm
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II. PERTURBATION AND OBSERVATION ALGORITHM
it is necessary to set up the maximum power point tracking (MPPT) method with estimated Vm and Im values before starting the procedure or after a large change in irradiation. To speed up the tracking response of photovoltaic (P&O) systems in the event of an abrupt step change in irradiation, it is common practice to sample the open-circuit voltage (Voc) or short-circuit current (Isc) in order to estimate the impedance (Im) and polarization voltage (Vm). The fractional open-circuit voltage method and the fractional short-circuit current method are two popular mathematical approaches
To provide accurate results from photoplethysmography (P&O). While alternative tracking systems offer faster response times than traditional P&O, they have a drawback: power discontinuity during Isc or Voc sampling, as these systems disconnect the PV module from the load to directly monitor these parameters. This is especially problematic under rapidly changing irradiation, leading to power loss. Despite the ways of reducing disconnections suggested by reference, power loss due to the process of measuring the Isc continues to be a disturbance. 
Isc is estimated using in an approximation equation to cut power loss due to frequent sampling. This is dependent on the STC parameter of the PV module, though that is 25 deg C and 1000 W/m2 which cannot be true to all modules and arrays. It is not possible to estimate Im and Vm with small error in various conditions with an assumption of the same Isc-to-Im ratio.
 Reference lowers the amount of power loss in Voc measurement, and calculates Voc and ratio of Voc to Vm, however, it requires temperature device, expensive and impractical. Solving for Voc to Vm ratio using the finite element method involves substantial computational effort. References sample irradiation and temperature data to rapidly estimate Vm and Im, allowing quick determination of the DC-DC converter's On-Demand Ratio (ODR) at MPP. 
Using the PV array model and sample data from, Vm and Im can be estimated. Though these methods are effective for calculating Vm and Im without power loss, they depend on additional temperature and irradiation sensors, adding complexity and cost, making them less economically feasible.
III. [bookmark: _Hlk175132479]NANOFLUID COOLING TECHNIQUE
Nanofluids are suspensions of nanoparticles in liquids. They consist of metal or metal oxide nanoparticles, generally ranging from 100 to 1000 nanometers, dispersed in a base fluid. Unlike traditional solid-liquid mixtures with larger particles, these colloidal solutions with nanoparticles have shown improved performance by reducing erosion, sedimentation, and clogging.
One way in which nanoparticles can alter a base fluid's thermo-physical properties is by increasing its thermal conductivity. Nanoparticles improved the heat transfer efficiency of the liquid-cooled, single-phase system by as much as 20%.
The purpose of this white paper is to provide engineers with an in-depth understanding of nanofluids and nanoparticles by covering a variety of topics, such as an introduction to the subject, engineering terminology and selection criteria, pricing points, market trends, basic applications, challenges, and conclusions. The article concludes with a list of sources and a glossary of terms that define key concepts.
A nanofluid formulation requires nanoparticles in addition to a base fluid. To make colloidal mixtures more stable, surfactants are sometimes used. Metal ions, metal oxides, carbides, and carbon nanotubes are the most common nanoparticles used in nanofluids. Fluids such as water, ethylene glycol, and oil are acknowledged by most as being fundamental. When nanoparticles are mixed with a base fluid, a colloidal structure is created.
The thermal conductivity and viscosity of the resulting nanofluids are enhanced by adding nanoparticles to the host fluid. How much improvement you can expect depends on a number of things, such as the particle's shape and the volume % you're adding. The amplification has been attributed to a number of microscopic processes, such as particle clustering, liquid layering on nanoparticle surfaces, and the particle dynamic effect.
Effective Irradiance (Ireff) – Radiation (QR) – Power (PE) – Convection (QCV) – Heat stored by nanofluid (QH)                                                                                (7)
                                      (8)
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                                                                                      (11)

IV. RESULTS AND DISCUSSION
Table 1. Variation of Voltage and current with irradiation
	V
(5 KW/M2)    
	I 
(5KW/M2)
	V
(3 KW/M2)    
	I 
(3KW/M2)

	5.698
	37.764
	8.547
	25.342

	7.207
	37.516
	15.251
	24.845

	9.888
	37.764
	20.95
	24.845

	12.235
	37.267
	26.145
	24.845

	13.24
	39.255
	29.33
	25.59

	14.413
	38.012
	33.352
	25.342

	17.263
	37.764
	36.704
	24.845

	21.453
	38.261
	38.883
	24.845

	25.81
	38.012
	40.726
	24.348

	30.335
	37.764
	43.073
	23.851

	34.693
	37.267
	45.754
	22.857

	39.05
	37.019
	47.43
	19.876



Table 2. Variation of Power with Voltage at different irradiations
	V
  5 KW/M2    
	P 
 5KW/M2
	V
    3KW/M2    
	P 
   3KW/M2

	3.65
	82.581
	4.063
	82.581

	5.234
	118.71
	5.51
	108.387

	6.749
	154.839
	6.474
	123.871

	9.504
	196.129
	7.989
	144.516

	13.223
	268.387
	10.606
	165.161

	15.565
	325.161
	13.774
	211.613

	19.421
	387.097
	16.804
	252.903

	23.003
	464.516
	21.212
	283.871

	26.997
	536.774
	23.416
	325.161

	30.854
	598.71
	27.686
	366.452

	34.298
	629.677
	31.129
	402.581

	37.603
	629.677
	34.16
	402.581

	40.496
	480
	37.328
	392.258



Cost savings are achievable since the proposed P&O can be integrated into a single-chip microcontroller that implements the traditional P&O MPPT algorithm. Both P&O methods demonstrate a perturbation period of 0.04 seconds, exceeding the system's known settling time. This experiment also simplifies the analysis of drift avoidance and the Over-Drift Rate (ODR) computation. The ODREA can be triggered by two significant irradiation step changes, occurring at either 2 or 8 seconds. By transmitting four duty ratios (0.2, 0.25, 0.5, and 0.5) to the boost converter and recording the corresponding voltage and current data, the ODREA device illustrates the change in irradiation from 1000 W/m2 to 300 W/m2.
V. CONCLUSION
All in all, the present paper has clearly shown that the use of perturbation and observation (PO) algorithm and a nanofluid cooling methodology can be used to substantially enhance the performance of a photovoltaic (PV) system. PO algorithm is also a forgone Maximum Power Point Tracking (MPPT) algorithm that is able to control the maximum power point (MPP) of the PV module providing significant efficiency improvements. Nanofluids boost thermal conductivity and hence reduces operating temperatures and power output. It has been experimentally demonstrated that this combined method is more effective than the traditional MPPT techniques and conventional cooling techniques. Application of PO algorithm and nanofluid cooling can enhance the generation of PV power and thermal stress by a considerable degree. This study advances the technology of PV and offers valuable information on how it can be implemented and designed in a future sustainable energy system.
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