
INTEK Jurnal Penelitian 

Vol. 8, No. 1, pp. 37-42, April 2021                                  37 

 

 

DOI : http://dx.doi.org/10.31963/intek.v8i1.2651  

 

 

Performance Evaluation Zeta Converter Using PI 

Controller for Energy Management in DC Nanogrid 

Isolated System 
 

 

 
Abstract— Renewable energy is needed as an alternative 

energy source. One of the implementations of renewable energy is 

the Solar Power Plant (SPP). SPP is a component that uses solar 

cells to convert solar energy into electrical energy. Unfortunately, 

the output power of this solar cell depends on the intensity of the 

light which causes the output power to enter the load to be 

unstable. Sometimes the PV power decrease because of the 

shading effect. From this problem a converter is needed to keep 

the system output voltage. The converter used in this research is 

the zeta converter. This Zeta converter can operate like a buck 

boost converter. The output of the system used is not stable. 

Therefore to stabilize it requires good control. In this paper using 

PI controller to control this system in order to keep the output 

system stable. 3. The error generated using the PI Control on the 

system is only 0.34%.  

Keywords—Photovoltaic, Zeta Converter, PI Controller 

I. Introduction  

In this modern era, technology is developing very 

rapidly. Many household appliances and other 

supporting equipment even more require electrical 
energy. While most of people still using electrical 

energy from PLN that’s the fuels using fossil fuels. 

Therefore, the need for electrical energy consumption is 
increasing. From the increasing demand for electrical 

energy causes the depletion of fossil fuels. Because 

basically this fossil fuel is a fuel that cannot be renewed 

so that when this fuel runs out it can cause the electricity 
supply to run out. The role of using renewable energy 

can help overcome and contribute to energy generation. 

In addition, renewable energy has many advantages, one 
of which is not causing pollution. There are many types 

of renewable energy, however, what is currently being 

developed is solar cell. Solar cell is a component that 

converts sunlight into DC electrical energy. The power 

is produced by PV depends on the intensity of light and 
the temperature that hits the surface of the PV. So that, 

when the amount of light intensity decreases, the power 

is produced by PV will also be decreased. Based on this 
problem, a system is required to stabilize the output 

power for example the used of Zeta converter, which is 

one of the converters that can transfer power from PV 
[1]-[3]. 

II. Research Methodology 

This proposed system requires a converter that can 

increase and decrease the output voltage. The Zeta 

converter is a non-isolated converter that has the same 

operating mode like the buck-boost converter [4]. The 

output voltage of this converter is maintained stable. 

Therefore, control is required to keep the output voltage 

stable.  

 

Figure 1. Overall System to Evaluate Performance PI 

Controller  

The control used in this research is the PI controller. 

This Research is aimed to evaluate the performance PI 

Controller to manage the dynamic energy from PV. 
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A. Modelling of Photovoltaic Module 

Solar cells are energy converters made from 

semiconductor devices. Some solar cells are assembled 

into solar panels that can convert solar energy into dc 

(direct current) electrical energy with a certain capacity 

according to the type of material and the area of the solar 

module [5]-[6]. Therefore, the using of more solar panels 

in areas that are not supplied by PLN (Indonesian Power 

Supplier Company) is suitable or could become a backup 

energy when the main electricity source is not available. 

The equivalent circuit of PV is shown in Figure 2. 

 

         Figure 2. Equivalent circuit of Photovoltaic 

The mathematical equation of the PV module can be 

expressed as [4]: 
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where: 

Ipv = output power pv module (A) 

Vpv = output voltage PV (V) 

IPH = generated current (A) 
IO = current reverse diode (A) 

Rs = resistance series solar cell (ohm) 

RSH = resistance shunt solar cell (ohm) 
NP = number of parallel solar cell 

NS = number of series solar cell 

Q = electronic charge (1.6 x 10¬-19 C) 

 K = constant boltzman (1.38 x 10¬-23 J/K) 

 

Table I shows data on solar panels with a maximum 

power of 100 Watt peak. 

Table 1. Specification of Photovoltaic 

Parameters Specification 

Maximum Power (Pmax) 100 W 

Current at Pmax (Imp) 5.81 A 

Voltage at Pmax(Vmp) 17.2 V 

Short circuit Current(Isc) 6.46 A 

Open circuit Voltage(Voc) 21.6 V 

Temperature coeffecient of Voc -0.38 %/°C 

Temperature coeffecient of Isc 0.065 %/°C 

B. Modelling of Zeta Converter 

 The zeta converter topology provides a positive 

output voltage from the input voltage whose output 

voltage changes up and down. The Zeta converter is 

another option for regulating an intermittent input 

voltage. This Zeta converter is run under the Continuous 

Conduction Mode (CCM) condition [7]. 

 

Figure 3. Zeta Converter Circuit 

 A Zeta converter typically has two inductors as 

shown in figure 3. The operation principle of the Zeta 

Converter can be elaborated as the following description. 

 When MOS1 is off, the voltage passing through L1b 

must be output voltage during parallel with the output 

capacitor. As long as the output capacitor is charged by 

the output voltage, the voltage will pass through MOS1 

when MOS1 off is VIN + VOUT even though the voltage 

passing through L1a is -VOUT relative to the drain of 

MOS1. When MOS1 on, the coupling capacitor is 

charged by VOUT, which is connected in series with L1b, 

so the voltage passing through L1b is + VIN, and diode 

D1 is VIN + VOUT. From the basic operation, it can 

calculate the value of the duty cycle of the system. It is 

assumed that the efficiency value of the circuit is 100%. 

So the duty cycle value can be calculated using equation 

(2): 

VoutVin

Vout
D


       (2) 

Then duty cycle value must be considered for the 

selection of components. The value of the selected 

component can be calculated using equation (3): 

IinKppIL  )(       (3) 
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Where: 

Vin = input voltage (V) 
Vout= output voltage (V) 

ΔIL(PP)= max ripple current output. (A) 

Δvout= ripple output voltage (A) 
Fsw = switching frequency (Hz) 

L1 = inductor 1 (H) 

L2 = inductor 2 (H) 

Cc = coupling capacitor (F) 
Cin = input capacitor (F) 

 Cout = output capacitor (F) 
 

Table 2. Specification of Zeta Converter 

Parameters Symbol Value Units 

Input voltage zeta mode Vin 60 Volt 

Output voltage zeta mode Vout 206 Volt 

Ouput Current ripple max ΔIL(PP) 1.1 A 

Voltage ripple max Δvout 0.206 Volt 

Frekuensi switching Fsw 40 Khz 

Inductor 1 L1 530 mH 

Inductor 2 L2 530 mH 

Coupling capacitor Cc 100 uF 

Input capacitor Cin 13.78 uF 

Output capacitor Cout 100 uF 

 

C. Modelling of PI Controller 

 A proportional controller that provides a proportional 

control action with an error will result in an effect on the 

rise time and cause an offset error. An integral controller 

that provides control action proportional to the number 

of errors will have a good effect in reducing steady state 

errors but can result in deteriorating transient responses. 

Knowledge of the effects are caused by each controller 

that will be used in determining the values of 

proportional (Kp) and integral reinforcement (Ki). The 

basic table of knowledge of the relationship between 

reinforcement and its effect on PI controllers is shown in 

Table 3 [8]-[10]. 

Table 3. PI Controller Response 

Variable Rise Time Overshoot 
Setling 

Time 
Offset 

Kp Increasing Decreasing 
Small 

Change 
Occurs 

Ki Decreasing Increases Increases Eliminate 

  

 Combined proportional control actions and integral 

control actions will perform the action of proportional 

and integral control (PI controller). This combination of 

actions has advantages compared to each of its 

constituents. The main advantage is that the advantages 

of each control action and the lack of control action can 

be overcome. In other words, the overall control 

elements of P and I aim to accelerate the reaction of a 

system and eliminate offsets [11]. 

 

Figure 4. Block diagram of PI Controller 

 Figure 4 describes the diagram block and PI 

controller parameters. Where Co is the output signal 

from PI controller, Kp is a proportional constant, Ti is an 

integral time, Ki is an integral constant, and E (s) is an 

error signal. Tuning on the PI controller is the 

determination of the magnitudes of P and I 

reinforcements so that good system characteristics are 

obtained. There are several ways of tuning the PI 

controller including the Ziegler-Nichols relay feedback 

method, manual (hand-tuning/trial-error), analytic 

method with optimization, pole placement, or auto-tune 

[12]-[13]. The flowchart of the system is shown in figure 

5. 

Figure 5 is the flowchart of the system. From the 
flowchart, it can be recognized that duty cycle defined 
by using PI controller. When duty cycle is lesser than 
desirable value, PI controller will increase the duty cycle 
automatically. 
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Figure 5. Block diagram of PI Controller 

 

III. Results and Discussion 

The purpose of this simulation is to test the 

performance of the system produced by the PI controller. 

Figure 6 is a simulation result of zeta converter. In this 

simulation, PVs are used for the supply of the converter.  

Each PV has specification of 100 WP. The system using 

12 PV which 4 PV are arranged in series and 3 PV are 

arranged in parallel. As a result, the output voltage PV is 

about 60 Volts. 

From figure 6, it has been simulated using 12 PV 

with a power of 100 WP and a Vmp voltage of 17.2 
Volt. This system is simulated using power simulator 

and after being simulated, it can be seen the form of 

response from the system when using the control or not.  
 

Figure 6. Response system without control when given 

disturbance 

Figure 6 shown the response system without 

controller but the system is given disturbance at one of 

the photovoltaic. The setting point of duty cycle that is 

used same with design of this converter. 

  

Figure 7. Response system with PI Controller when given 

disturbance 

Figure 7 exhibits the respon system use control and 

given disturbance at 4 photovoltaics. The disturbance is 

given in 4s, the output power is back to set point. Setting 

point that given  in the system is 800 Watt. 
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Figure 8. Overall System of Zeta Converter with the connected PVs 

The disturbance that is given at 8 PVs with setting 

point 400 Watt shown in Figure 8. Therefore, from 

figure 7 and figure 9, it can be observed the comparison 

results of response system when different disturbance 

are applied. The disturbance in the figure 7 only at 4 PV 

but in the figure 9 we give 8 disturbances at 8 PV. It is 

necessary to prove whether the control may work or not. 

Figure 9. Response system with PI Controller when given 

disturbance 

IV. Conclusion 

A zeta converter simulation that is controlled using a 

PI controller has been presented and the conclusion 

based on the simulation results can be drawn as follow: 

1. The Reliability of the system using PI control is 

proven to be able to maintain the power 

generated as specified. 

2. The reliability of the PI control in maintaining 

the power constant at a specified value has 

proven to be successful even when tested using 

interference/disturbance. 

3. The error generated using the PI Control on the 

system is only 0.34%, which is very small and 

prove that the system working properly. 
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