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Abstract_ This paper studies some original solutions for rural electrification based on re-used components according to the frugal innovation concept. Several associations of recycled PSUs from PCs, for an hybrid renewable energy system (PV and hydro) are presented and investigated. The objective is to increase the system power by associating several units. These power supply's converters can be controlled as battery chargers and supervised by MPPT algorithms implemented in an Arduino microcontroller. The different configurations for serial/parallel associations of the inputs or the outputs are investigated in terms of feasibility, robustness, and performance trough simulation and experimental results. Moreover, the settings of the whole system are given to the microcontroller by an application implemented in an Android smartphone.

INTRODUCTION

The recent development of small hydropower applications together with a photovoltaic generator is an interesting solution for the exploitation of natural energy sources, with relatively easy production and processing. The global system includes a pico hydro unit of hundreds of W or kW (with a recycled induction machine), hybridized by a photovoltaic generator with energy storage in car recycled batteries. Conversion of the solar energy is achieved thanks to PSU recycled from discarded PCs according to the frugal innovation principles. The whole is designed to supply some home appliances (lighting, refrigerators, TV, radio, etc) of several houses in a village located in an off-grid remote area.

Since most PSUs are compliant with ATX motherboard design, many common features can be found throughout different models and manufacturers, which is a great advantage. Total power requirements for a personal computer may range from 150 W to more than 700 W for a high-performance computer with multiple graphics cards. Nevertheless, PSUs are commonly found with a power rating between 300W to 500W. The 375W ATX power supplies, Dell L375P-00, has been selected for the study of its modification and transformation processes for the secondlife usage in a photovoltaic generation system. The power supply's block diagram is featured in Fig. 1. Most power supplies follow the same general block diagram [START_REF] Abuzed | Repurposing ATX power supply for battery charging applications[END_REF]. The main power stage of Dell L375P-00 PSU is a single-switch forward converter with RCD reset scheme and a power transformer with the ratio (TR) is 40:6.5. The PWM controller of the forward converter is the UC3843 currentmode IC.

An alternative to dismantling and recycling has been studied by the same research team in [START_REF] Abuzed | Repurposing ATX power supply for battery charging applications[END_REF] [START_REF] Rogers | ATX power supply derived MPPT converter for cell phone charging applications in the developing world[END_REF]. The main idea in these works is to transform a part of an ATX power supply, the active PFC front-end stage, into a new converter dedicated to MPPT control for PV convertion but this needs a new PCB. Besides, [START_REF] Kim | Second Life of Power Supply Unit As Charge Controller in PV System And Environmental Benefit Assessment[END_REF] reuses the whole PC power supply with only few light modifications on the existing PCB, according to the frugal innovation principles.

II. TRANSFORM AN ATX POWER SUPPLY UNIT (PSU) INTO AN MPPT CONTROL CONVERTER FOR A PHOTOVOLTAIC GENERATION

A. Transform a Dell L375P-00 PSU into an MPPT control converter

The main function of PSU is to create fixed DC power for the PC. And this function is not possible to apply directly to the renewable power system for lower voltage input. Some part of the PSU is adjusted to meet the requirements of the input voltage level and the output voltage is controllable. 

1) Gain control of PSU by removing the control IC

When UC3843 is removed, feedback circuits from the output side of the PSU as well as WT7515's protection function are automatically disabled, thereby enabling the converter to operate independently of PSU constraints without any more modification. After removing UC3843, the PWM control signal of the converter is now provided by Arduino, the MPPT controller with P&O and INC algorithm implemented based on the previous study [START_REF] Abuzed | Repurposing ATX power supply for battery charging applications[END_REF]. However, the voltage rating of Arduino DUE is 3.3V, not enough to control the power MOSFET [START_REF] Semiconductor | FQA11N90 900V N-Channel MOSFET[END_REF]. Therefore, a TC4427 MOSFET [START_REF] Microchip | 1.5A Dual High-Speed Power MOSFET Drivers[END_REF] driver circuit is used which is shown in Fig. 2 and3.

2) PV current and voltage feedback for MPPT control

The input current is converted to a feedback voltage signal from an onboard Rshunt after the power MOSFET. The networks of resistors and Zener diodes serve as sensing circuits that convert an input voltage into voltage signals that can be read by analog input pins of Arduino and its overvoltage protection.

3) Modification of L375P-00 output

Modification focuses on 12V output port because provides the highest power (360W over 375W of the LP375-00 power supply). This PSU has 2 outputs 12V_A/18A and 12V_B / 18A. Each output is 216W maximum. These 2 outputs of 12V_A and 12V_B are from the same source, so it is possible to pair them to get the maximum power (360W). Removing the other outputs is necessary to avoid power losses in the inductors, resistors, and other unwanted effects. 

III. EMULATED PV PANEL

Perform the test of the modified PSU when operating with a PV panel is indispensable, so simulating a circuit with corresponding P-V characteristics is necessary and inexpensive, suitable for testing in the environment of the laboratory (with no sunlight). P-V characteristics of solar panels are emulated with a DC source and a resistor connected in series [START_REF] Le | Measuring rotor speed with a smartphone camera[END_REF], shown in Fig. 5. When changing the duty cycle of PSU, their output P-V characteristics will have almost the same form as compared to the P-V panels. An experiment was performed by manually changing the duty cycle of the PSU and observing the change in voltage, current, and power obtained with the parameters given in TABLE I.

IV. EXPERIMENT I -MPPT CONTROL WITH ONE PSU

A. MPPT control testing

The performance of MPPT control is tested with the change of load (Rout) and input power (by changing R). The results are shown in Fig. 5, where the maximum power is achieved at a duty cycle equal to 0.34, corresponding to the theory. Results are given with 4 cases, corresponding to 2 loads and 2 input power using P&O and INC algorithm. Fixed parameters are given in TABLE I.

The theoretical values when reaching MPP:

• PWM duty cycle: 

% • PSU input voltage: 0.5 • PSU input current: ! " • PSU power input: # $ Table III compares theoretical

B. Dynamic MPPT control testing

The experiment was performed by starting the MPPT control and changing the load and input power similar to the above 4 cases. The power value is displayed by Arduino's Serial Plotter. The process is shown in Fig. 6 where experimental results are similar to the theoretical ones. 

V. PSUS ASSOCIATION

The structure of a PSU is modeled under PSIM with the L375P-00 parameters.

A. Connection types

The PSUs are connected to increase the overall system power and to raise the voltage to reduce transmission losses is also considered. There are several possible input/output connection structures to be considered below: Parallel (P), Serial (S), Serial connected (Sc), Separated (Sp). Each input/output configuration is considered for MPPT control.

1) Parallel input/output

When a PSU performs MPPT control, its input DC voltage will change. As 2 PSU share the same input voltage they cannot be separately controlled by their own MPPT. Then, the parallel input/output connection can't be used.

2) Serial input/output a) Advantages

• No need for an additional circuit to drive the PSUs.

• High input voltage will reduce transmission loss.

b) Disadvantages

• As the PSU shares the same input voltage they cannot be separately controlled by their own MPPT. • An additional interface circuit is needed as the two PSUs do not have the same ground. • Need to isolate the PSU's case to avoid short circuit.

• An inactive PSU will affect the whole system. Consequently, only the serial input connected can be used. Based on the above result, Serial Connected input, Serial output connection can be used.

3) Serial connected input/output

4) Separated input/output

Each PSU will be connected to a PV separately. The separate output connection is not suitable for a battery bank so it will not be considered.

B. Possible connections

Based on the configurations reviewed, 4 combinations of input-output can be used for connecting PSUs: 

D. PSIM model with PSIM Solar module.

In this section, the simulations are performed with the same 2 PSUs connected to and powered by 2 Solar modules. Simulations include changes in the power of a solar module (corresponding to shading) and load changes. PV panels parameters shown in Table IV are 

E. Partial conclusion

The simulations show that the emulated PV panel can be used to test the system operation in response to the actual change of PV panel characteristics. When pairing 2 PSUs with similar parameters, the Sp-Sc and Sp-S configurations give the best and similar results. However with 2 different PSUs and when simulating with the PV panel module, Sp-Sc gives the best results regarding stability and power efficiency. In this experiment, the separate input configuration (Sp) will be used due to its highest efficiency and ease of installation, as well as being able to control multiple PSUs from an Arduino without the need for another controller circuit (compared to the serial input configuration-S).

A. Separated inputs -Serial connected outputs (Sp-Sc)

PV panels are simulated with the parameters shown in Table IV. Fig. 17 to 18 show SP-Sc configuration with 2 PSUs the voltage, current, power waveforms, and the related efficiency of each PSU, along with the efficiency of the entire system thanks to the INC algorithm. The results are similar to that of the P&O algorithm. The duty cycle of the two PSUs reach the optimal value for the maximum power of each PSU, around 100W which corresponds to the theoretical value, indicating that the MPPT control works effectively. The efficiency of each PSU and the whole system is about 83% -84% with Rload = 1Ω, when overloading or small load will reduce the performance of the PSU. 

VIII. CONCLUSION

Based on the frugal innovation principles, this paper has presented original associations of recycled PC power supply units (PSU) that can be used as battery charge controllers in some energy production systems dedicated to rural electrification. For a very affordable price, they can be dedicated to some remote areas in some developing countries. This will help them to reach their renewable energy developing plans. The voltage output of the PSU can be modulated up to 16V, the max power of each Dell L375P-00 model is 360W. Simulation and experimental results of their association with MPPT control show that several PSU's can be paired to increase the system power above 1 kW. Different options are described, the best solutions are listed.

MPPT control of the PSU's is implemented inside an Arduino DUE microcontroller which has 12 ADC pins and 12 PWM outputs, able to control up to 6 PSU at the same time (each PSU requires 2 ADC pins and 1 PWM output),
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  values and measured values by voltmeters, oscilloscope, and feedback values are shown on the smartphone control application. The theoretical value of when reaching MPP is 140V and the actual at the maximum power point falls into the 130V range.

Fig. 5 .

 5 Fig. 5. Solar panels emulation

Fig. 6 .

 6 Fig. 6. Experiment I -Dynamic MPPT control when load and input power changes

Fig 7
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 1 Serial connected -Serial (Sc -S) 2. Serial connected -Serial connected (Sc -Sc) 3. Separated -Serial (Sp -S) 4. Separated -Serial connected (Sp -Sc) C. PSIM model with Emulated PV panel This section simulates some possible combinations of the emulated PV panels with the PV panel characteristics. The results of the 3 combinations is given when pairing 2 PSUs, with the same parameters or different transformer ratios, different inductors, in the objective of a robustness study. Circuit diagram and simulation results for the Sp-S config. are summarized in Fig. 11 and 12 as an example.
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 III EXPERIMENT I -COMPARISON

  TABLE OF MEASURED AND FEEDBACK

			Theoretical Measured Feedback
		Vpv (V)	140	132	131
		Ipv (A)	1.4	1.374	1.400
		Ppv (W)	196	181	183
		Duty (%)	35	35.9	N/A
		Values	Theoretical Measured Feedback
	Parameters 2:	Vpv (V)	140	131	130
	R = 100 Ω	Ipv (A)	1.4	1.371	1.390
	R ,-. = 0.83 Ω	Ppv (W) Duty (%)	196 56	179 52.7	180 N/A
		Values	Theoretical Measured Feedback
	Parameters 3:	Vpv (V)	140	133	132
	R = 206 Ω	Ipv (A)	0.68	0.65	0.69
	R ,-. = 0.33 Ω	Ppv (W) Duty (%)	95 24.6	86 24.9	91 N/A
		Values	Theoretical Measured Feedback
	Parameters 4:	Vpv (V)	140	122	120
	R = 206 Ω	Ipv (A)	0.68	0.753	0.792
	R ,-. = 0.83 Ω	Ppv (W) Duty (%)	95 24.6	91 24.9	95 N/A

VALUES

Parameters 1:

R = 100 Ω R ,-. = 0.33 Ω

TABLE IV

 IV 

	.		
	PSIM SOLAR MODULE PARAMETERS
	PSIM Solar Module	
	Characteristics	PV full	PV 50% shaded
	Open Circuit Voltage Voc (V)	126	126
	Short Circuit Current Isc (A)	3.96	1 98
	Maximum Power Voltage Vm (W)	105	105
	Maximum Power Current Im (A)	3.42	1.71

with open source code, no expensive sensors and with a minimal cost. Monitoring and control applications can be used with commonly used Android smartphones. Future work will deal with power increase (several kW), diagnostic of the possible failures when serval PSUs are associated.