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Abstract 

The conventional air-conditioning system suffers from (i) harmonic distortion at the input ac 

side due to extensive use of nonlinear loads and (ii) not being friendly with the environment 

and climate. In this paper, a conventional air conditioning system (ACS), which uses a 

single-phase ac supply, is replaced by a solar-powered ACS to mitigate mentioned 

shortcomings. Due to the non-availability of solar energy during night/low-intensity levels, 

a battery and a dc-dc converter are used to maintain constant voltage, a prime requirement 

for ACS. Further, if an ac supply is used during the daytime, the battery is not required. 

Thus, a self-sustained solar-powered air conditioner of a capacity of 1.5 tons is designed 

here. The solar system is designed using Simulink, and various parameters such as torque 

and speed are being measured to study & analyze the solar-based ACS. The designed air 

conditioner gives an acceptable performance despite the variation of solar irradiations. 
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1.   Introduction 

Electricity is the prime requirement for a human being in the current era. As the 

conventional sources of energy are limited, alternate energy sources are now in demand. 

These energy sources are self-sustainable & environment safe [1]. Using these renewable 

sources, conversion of electrical energy reduces pollution caused by fossil fuels and 

improves the total generation [2-6].  

 The generation of electricity through solar energy is widely used in India due to 

climatic conditions. Various photovoltaic panels are connected in series and/or parallel to 

generate energy through solar to achieve high voltage/current [7]. As the intensity of the 

Sun varies, the generated power is varied; therefore, the power of the system is optimized 

when the load characteristic changes to keep the power transfer at high efficiency.  

 This load characteristic is called maximum power point (MPP). A standalone solar 

PV array-fed water pumping system has been described in which solar PV array alters 

solar energy into electrical energy [8]. A dc converter is required to transfer maximum 

power from the solar PV module to the load by changing the duty cycle. For this purpose, 
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various isolated/non-isolated converter configurations may be used. Generally, non-

isolated boost and buck-boost converter configurations have been used. However, the 

boost converter is mainly used to boost output voltage regulation to the desired level [9]. 

A battery is used along with a charge controller to provide energy in the absence of solar 

sunshine. It is connected in parallel to the boost converter through a bidirectional 

converter [10,11]. The bidirectional converter is used for interfacing between the battery 

bank and solar PV system for continuous flow of power [12-14]. The inverter is used to 

drive the motor of ACS [15,16]. A novel PV inverter scheme based on single input and 

multiple outputs with multilevel inverter is used for harmonic distortion reduction as 

presented by Bhukya et al. [17]. To track power from the solar PV module, an adapted 

Aalborg inverter is used and is presented by Wang et al. [18]. A separate solar air-cooling 

system with DC motors to drive the pump and air blower fan load attached to their 

particular shafts is implemented [19]. A new crowded plant height optimization algorithm 

is introduced for solar PV maximum power point tracking [20]. The design, modeling, and 

performance analysis of bidirectional solar inverter linked to the grid are presented using 

the maximum power extraction technique [21].  

 Power quality is one of the major issues which adversely affect the system. An 

adaptively switched filter compensator using a PID controller has been described to 

enhance the powerful qualities of the Microgrid [22]. The latest PWM technique has been 

introduced to lower the line frequency harmonics in single-phase loads incorporating a 

PV-micro inverter system [23]. It mitigates double line frequency harmonics by using 

only a small dc-link capacitor. The conventional ACS can be built using different 

converters using DBR in the front end [24-26]. Various without bridge converters for 

ACS have been discussed [27,28]. Utilizing solar energy to operate an ACS has been 

presented by Das et al. [29]. 

 In this paper, conventional AC supply is replaced by solar radiation, and battery and 

controller are incorporated to maintain constant voltage in ACS. This arrangement reduces 

the harmonic emission at the front end due to conventional supply, reduces environmental 

pollution, and is self-sustainable. 

 

2. Schematic Diagram of Solar-Based ACS 

 

The schematic diagram of solar-based ACS is shown in Fig. 1. The solar PV system 

energizes the boost converter to attain MPP by controlling the duty cycle. The voltage and 

current of the PV array are given to the MPP controller, and error is compared to the 

sawtooth generator to generate PWM pulses for the boost converter. In addition, a battery 

is used along with a controller to provide energy during the absence of solar radiation and 

maintain a constant voltage. To maintain battery charging, the output voltage of the boost 

converter is compared with constant, which is given to the PI controller, and generated 

pulses are given to the bidirectional converter. A VSI is controlled by electronic 

switching, and its function is to invert the voltage obtained from solar PV modules. The 

output of the inverter is given to the BLDC motor to drive an ACS. 
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Fig. 1.  Schematic of solar-based ACS.  

 

3. Design of Solar-Based ACS 

 

The solar-based ACS consists of the solar PV system, boost converter, battery, charge 

controller, and inverter followed by a motor to drive the AC. The components' designs of 

each system are carried out to model the solar-based ACS and are given in the following 

subsections.  

 

3.1. Design of solar array 

 

The solar panel is designed by using solar cell equations [3]. The base equation between 

the current and voltage is given as 
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The PV array is designed for 3 kW power. The specifications have been tabulated in Table 

1.  
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Table 1. PV characteristics of designed solar-based ACS. 
 

Parameter Value 

Short-circuit current [A] ISC= 8.21 

Open-circuit voltage [V] VOC= 32.9 

MPP voltage [V] Vmp = 26.3 

MPP current [A] Imp= 7.61 

Series resistance (Ω) Rs= 0.2218 

Parallel resistance (Ω) Rp= 15.405 

Photo voltaic current [A] IPV= 8.214 

Sample time (sec) t= 10e-6 

Number of cells per module N=54 

Number of series-connected modules Nser=8 

Number of parallel modules         Npar=2 

 

3.2. Design of boost converter 

 

The input voltage of the boost converter is the output voltage of the PV array and is given 

by 

    (     )  (      )                            (3) 

In steady-state, the value of input inductor at 20 kHz switching frequency is given as 
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 The output capacitor value is calculated considering 2% of allowable output voltage 

ripple is given as 
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3.3. Design of battery  

 

The battery acts as a source to run the ACS when the supply is not present. The battery 

bank is designed at a nominal voltage of 320 V at a rated capacity of 8 Ah. The 

specification of the battery bank is given in Table 2. To control the battery charging, the 

bidirectional converter is used to maintain power flows in both ways, i.e., from PV array 

to battery bank and vice-versa. A bidirectional converter has two switches acting one at a 

time. The switching frequency of the bidirectional converter is maintained at 20 kHz. The 

internal resistance and snubber resistance of the switches are 0.001 and 100 kΩ, 

respectively. 

 

3.4. Design of VSI 

 

The three-phase voltage source inverter is designed to invert the voltage obtained by PV 

modules to act as an input to the motor. The internal and snubber resistance of VSI is 



S. Mishra et al., J. Sci. Res. 14 (1), 167-177 (2022) 171 

 

0.001 Ω and 5 kΩ, respectively, and IGBT/diodes are used as power electronic devices for 

constructing the VSI. 
 

Table 2.  Characteristics of designed battery.  
 

Parameter Value 

Nominal voltage [V] 320 

Rated capacity [Ah] 8 

Initial state of charge [%] 80 

Maximum capacity [Ah] 8.33 

Fully charged voltage [V] 348.42 

Nominal discharge current [A] 1.6 

 

3.5. Design of BLDC motor  

 

The ac voltage of VSI is given to the BLDC, which is designed for ACS. The simulation 

parameters of the BLDC motor are given in Table 3. 

 
Table 3. Designed parameters of BLDC for ACS.  
 

Parameters of BLDC Value 

Number of Phases 3 

Stator Phase resistance Rs 18 Ω 

Stator phase inductance Ls 0.01 H 

Back EMF flat area 120° 

Viscous damping 0.4e-03 N.m.s 

 

4. Performance of Solar Based ACS 

 

The solar-based ACS is designed and modeled for the performance assessment under 

various solar irradiations to test the reliability and ruggedness. An ode45 solver is used to 

model the system in discrete time. PV voltage (VPV), current (IPV), and power (PPV) along 

with dc output voltage (Vdc) of the boost converter are shown in Fig. 2. The panel's power 

is maintained constant around 2950 W (voltage of 217 V and current of 13.58 A). The 

output voltage of the boost converter is 360 V which also constantly verifies the design of 

the PV array and boost converter. DC output current of boost converter (Idc) and three-

phase output voltage (Vinv) of the inverter is shown in Fig. 3. The boost converter's dc 

output current varies from 0 to 9.6 A, while the three-phase inverter voltage varies from -

360 to 360 V. The battery, along with the charge controller, is connected in parallel with 

the boost converter. The Vb and Ib are the voltage and current of the battery charge 

controller, respectively, while Vbc and Ibc are the voltage and current of the bidirectional 

converter, respectively. As shown in Fig. 4, the Vb and Ib are obtained as 329 V and 6.2 A, 

respectively. The voltage across bidirectional converter Vbc is 360 V, while the current of 

bidirectional converter Ibc varies from 0 to 6.6 A, respectively. 
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Fig. 2. PV current, PV voltage, PV power, and dc output voltage of solar-based ACS. 

 

 

 

 

 

 

 

 

 

 

 
Fig.  3.  DC output current and three-phase output voltage of inverter for solar-based ACS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4.  Battery charge controller voltage, current, and bidirectional converter voltage and current. 
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The im and em are the stator current and electromotive force, respectively, while ω and 

τ are rotor speed and electromagnetic torque. As from Fig. 5, the stator current and emf of 

the motor are obtained as 3 A and 118 V, respectively. The rotor speed is 1874 rpm, 

constant, and torque varies from 2.4 to 3.6 Nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 5.  Stator current, electromotive force, rotor speed, and electromagnetic torque. 

 

The solar radiation is varied, and the performance of the ACS has been studied in 

Figs. 6-8 for solar irradiance of 800, 400
,
 and 0 w/m

2,
 respectively. As from Fig. 6, for the 

solar irradiance of 800 w/m
2,

 the PV voltage and dc output voltage are 217 and 360 V, 

respectively, while the current falls to 10.64 A, the power of PV decreases. The battery's 

voltage observes at 327 V while the current reduces to 4.3 A, and the bidirectional 

converter current varies from 0 to 4.8 A. The rotor speed comes out to be 1874 rpm. 

 Fig. 7 shows the performance of ACS when the solar irradiance reduces to 400 w/m
2
. 

The PV and dc output voltage are observed at 216.7  and 360 V, respectively, while the 

current falls to 4.65A, reducing PV power. The battery's voltage observes at 325 V while 

its current reduces to 0.5 A. Bidirectional converter's current varies in the range of 0 to 0.9 

A while there is no effect on the speed of the rotor. 

 When the solar irradiance reduces to 0 w/m
2
, the PV voltage and dc output voltage 

are 0.005 and 360 V, respectively, while the current falls to 0 A, which is quite apparent. 

In this condition, the battery's voltage is observed at 323.4 V while the battery's current 

falls to 2.5 A and flows in the reverse direction. The bidirectional's converter current 

varies in the range of 0 to 3 A, also in the reverse direction, verifying the design. There is 

no effect on the speed of the rotor. 

 The performance of the solar-based ACS is found to be satisfactory with constant 

speed despite the variation of solar irradiance, which verifies the design and sustainability. 

Hence, the designed solar-based ACS is a recommendable solution to replace the 

conventional supply-based ACS. 
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Fig. 6.  PV current, PV voltage, PV power, dc output voltage, battery charge controller voltage, 

current, and bidirectional converter current at solar irradiance(G=800 w/m2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 7.  PV current, PV voltage, PV power, dc output voltage, battery charge controller voltage, 

current, and bidirectional converter current at solar irradiance(G=400 w/m2). 
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Fig. 8.  PV current, PV voltage, PV power, dc output voltage, battery charge controller voltage, 

current, bidirectional converter current, and speed at solar irradiance(G=0 w/m2). 

 

Table 4 shows the different parameters for the variation of solar irradiation from 1000 

w/m
2 
to 0 w/m

2
.
 

 
Table 4. Various parameters for the variation of solar irradiance. 
  

Solar Irradiance (w/m2) VPV(V) IPV (A) Vdc(V) Vb(V) Ib(A) Ibc(A) ω(rpm) 

1000 217 13.58 360 329  6.2 6.6 1874 

800 217 10.64 360 327 4.3 4.8 1874 

600 216.8 7.66 360 326 3.7 2.85 1875 

400 216.7 4.65 360 325 0.5 0.9 1875 

0 0.005 0 360 323.4 2.5 (reverse) 3 (reverse) 1878 

 

5. Conclusion 

 

The solar-based ACS has been designed, and its performance has been assessed through 

design and simulation under varying solar irradiance to demonstrate its reliable operation. 

Solar PV has been used as an energy source to operate the ACS despite conventional AC 

supply. The boost converter tracks the MPP, while the battery along with the converter 

maintains the voltage when solar irradiation is not present, which has been presented 

through the simulated performance of the ACS. The speed & torque of solar-based ACS is 

constant, which is the prime requirement in the ACs. Hence, it is recommended as a 

solution to conventional supply, which removes the harmonic pollution problem of a 

conventional system and so reduces the effect of carbon emission. 
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