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 

Abstract: DC distribution system is getting wider acceptance 

around the world due to the reduction of conversion stages 

between AC and DC and the increased popularity of DC loads. 

Solar PV is a genuine source of DC which can directly power the 

DC loads like electric vehicle (EV) battery for charging. Increased 

deployment of Electric vehicles need more charging stations, 

preferably powered with renewable DC sources or DC microgrid. 

The intermittent nature of solar power necessitates a backup 

support from the AC grid. An attempt is made to develop a load 

management system at a DC charging station powered from 

renewable sources.  The proposed load management system can 

manage the various DC loads at the charging station based on the 

power rating of the charging equipment, available solar power 

and the availability of the backup AC grid. The entire system is 

automated and enabled with IoT in order to receive the available 

solar power data through a cloud based communication system. 

Identification of grid failure, instantaneous load changes and 

communication infrastructure through cloud for updating the 

generation profiles are the key concerns of the proposed system. 

 
Keywords : Charging stations, DC loads, DC microgrid, grid 

failure,IoT, load management. 

I. INTRODUCTION 

Popularity of DC loads depends on the availability of DC 

distribution system as well as DC microgrid especially with 

the renewable generators. Electric vehicles (EVs) are genuine 

DC loads and their promotion schemes around the globe are 

motivated by the carbon reduction paradigm. To satisfy this 
intention, EV charging stations should be free from 

non-renewable energy sources as far as possible. DC 

microgrid, mainly powered from solar pv will be an excellent 

alternative to the conventional AC grid for powering EV 

charging stations. The intermittent nature of the solar power 

and the dynamic load changes at the charging stations 

necessitate the grid power as a backup at the charging 

stations. But identification of the grid failure is crucial in such  

a scenario in order to manage the loads at the charging 

stations with available microgrid power, especially battery 

storage is less preferred.  
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A successful microgrid must have intelligent methods to 

manage and control its loads according to the availability of 

the source power. Intermittent nature of solar power can 

create uncertainty at the EV charging stations driven from 

solar pv. Energy sources have finite capacity and if 

overloaded, willseverely distort the voltage output or 

completely shut the system down [1]. Modern distribution 

system has a comparable amount of DC loads. DC loads can 

be directly powered with DC sources, especially with solar 
pv generators and thus can be reduce losses in the converter 

stages. The excess power required by the DC loads can be 

met by the AC grid. If the AC grid is not available, then the dc 

loads can be managed by a prioritization scheme according to 

the available solar power. The main concern is the utilization 

of available solar power in feeding the critical loads 

according to their priority. In the absence of both AC grid and 

DC microgrid power, the system will fail. 

A low voltage DC (LVDC) distribution system is a 

relatively new concept in the field of electricity distribution. 

The benefits of LVDC distribution system enable it to have 

many targets of applications [2]-[4]. Interconnecting DC 
based agents such as solar pv, DC loads, battery storage 

through a DC power system avoid unnecessary power 

conversions stages. Electric vehicles (EVs) are getting more 

attention across the world in recent years. The sufficient 

deployment of charging stations is the need of the hour.  EV 

charging stations are reported to have more smart features in 

the latest research studies [5]-[7]. Necessity of public 

charging stations compared to the residential charging is well 

explained in [8]. Waiting time at the charging station can be 

reduced by smart communication between electric vehicles 

and the charging stations [5]. Prioritization at the public 
charging stations needs special attention. Registered time and 

the state of charge levels are the two criteria considered in [6] 

for setting the priority. A different situation may arise if the 

DC charging station is primarily driven by solar pv 

generators, as they are generating DC power directly, is 

supported by the AC grid for backup purpose. In such a 

situation the availability of the AC source and the intermittent 

nature of solar power are the crucial factors that determine 

the priority scheme. If the charging station is considered as a 

hybrid microgrid the identification of availability of the 

supporting AC grid can be considered as islanding detection. 

A review of islanding detection techniques is reported in [9].  
A cloud based communication between charging stations 

and the microgrid can be used to identify the available solar 

power at any point of time in deciding the critical loads that 

can continue in the system even if the AC support is lost. 

Solar generation forecasting methods are reviewed in [10]. 
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Various issues in the cloud based communication 

infrastructure in power system sector are getting attention in 

recent years [11], [12]. Every charging station may have 

different chargers present according to various standards and 

schemes in which voltage levels and power ratings are 

different. Energy flow from each charging equipment may 
differ according to the state of charge (SoC) of the Electric 

Vehicle (EV) battery [13] and the mode of charging scheme 

used. Hence the energy flow from the charging equipments 

should be managed based on the available energy at the 

charging station. Standardization of charging scheme and EV 

battery are the two critical issues to be sorted with immediate 

attention. Protection is an important concern to be addressed 

in a DC microgrid based EV charging station [14]. Future 

distribution networks are likely to be data driven. Importance 

of cloud based communication for digitally controllable 

converters used at the DC charging stations are discussed in 

[15]. Available renewable energy has to be utilized 
effectively at the DC charging stations. Role of data driven 

energy management with wireless on-road charging stations 

is introduced in [16] proposes transfer of excess renewable 

energy to the battery swapping stations and on-road charging 

system rather than storing in bulk battery storage at the 

charging stations. The major consideration of the proposed 

work is to cut down the charging equipments available at a 

charging station according to the solar power available to the 

charging station when AC grid power is absent. This 

information will be critical in case of a smart charging station 

where the communication between the EV users and the 
charging station is crucial in guiding the EV to the most 

suitable charging station.  

A cloud based load management is proposed for the EV 

charging stations. More hardware testing is needed to identify 

the practical issues in communicating the available energy 

profiles with that of probable load at the charging stations.  

Hence an attempt is made to establish a cloud based 

communication infrastructure between the generation data 

and the charging station thereby managing the loads 

autonomously in accordance with the available solar power 

in the absence of supporting AC grid power. Cloud based 

communication infrastructure can be utilized for the efficient 
coordination between EV users and charging centers. 

Hardware details of the proposed system is explained in the 

following sections.  

II. STRUCTURE OF THE PROPOSED SYSTEM  

A. General Structure of the charging station  

The proposed model consists of a DC microgrid consists 

two distributed generators supplying the DC loads (EV 

battery) in the autonomous mode. A general structure of such 

an arrangement is shown in Fig.1. The different voltage level 

present indicates the different charging schemes like 

CHAdeMO, Bharat DC etc. The voltage level and the power 

capacity can be different in different charging schemes. The 

distributed generators (DG) shown can be solar pv generators 

that can be directly connected to the DC bus through DC/DC 

converters. The AC grid is connected through an AC/DC 

converter. 

When the load required exceeds the available generation 

profiles, the excess power is taken from the AC grid. In such 

a condition if the AC grid is not available, then the power 

available is supplied to the critical loads (different charging 

equipments) and the other loads in order of priority. 

Criticality can be flexibly set prior to the operation based on 

charging schemes like fast charging where large amount of 

power is getting transferred in short span of time or the 

vehicle is having least amount of state of charge etc. Priorities 

can be assigned dynamically based on the SoC of the EV 

battery or the time of entry to the charging station etc. In 

either case the proposed system will able to manage the loads 

automatically in whatever way the priority is assigned. 

B. Methodologies used 

The various load power and voltage levels shown in Table. I 

represent the different charging schemes used at the charging 

station. The priority assigned to the developed modelis also 

shown. DC fast charging requires higher power. Four 

different power levels are used in the experiment.  

The load management algorithm should work when the 

unavailability of the AC grid is detected. Different methods 

were reported in literature for islanding detection like active, 

passive and hybrid. The selected approach for the purpose of 

islanding detection is OUF/OUV method. It is a passive 

detection method. Voltage based detection is based on the 

power mismatch prior to an islanding condition in which an 

under-voltage or over-voltage condition could result in an 

islanded system. Frequency-based detection schemes are 

widely used for islanding detection. Frequency increases if 

generation exceeds load and it decreases when load exceeds 

generation. Frequency deviations from nominal and 
𝑑𝑓

𝑑𝑡
aregood indicators of an islanding condition. Both of 

themethods when used individually may lead to a large 

Non-Detection Zone (NDZ). But, when both the methods are 

used together, the NDZ reduces substantially. The basic 

requirements for the selected method are  that  the 

peakdetector circuit to detect any transients in the voltage and 

zero crossing detector circuit to detect any fluctuations in the 

frequency. In case both or any of the above conditions are 

met, a signal is given for the relay to trip and disconnect the 

ac grid as well as the load management system to start 

functioning immediately. 

The peak detector circuit is used to monitor if the input ac 

waveform is within the voltage sag and swell limits. The AC 

grid is disconnected when it crosses these limits. As per IEEE 

519 standard, the voltage sag-swell limits are within 10% of 

the nominal value i.e. 230 Volts with a tolerance of 10%. 

Hence, the upper limit of the input ac voltage waveform 

comes to 207 Volts and the lower limit is 253 Volts.The zero 

crossingdetectorcircuitisused to  
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Fig. 1. General structure of DC bus 

 

Table- I: DC loads involved in the proposed system 
Load 

number 

Voltage(V) Watts(W) Order of assigned 

priority 

L1 12 5 I 

L2 12 22 II 

L3 12 9 III 

L4 24 42 IV 

monitor any fluctuations in the input ac waveform. As per the 

EN 50160/2006 standard, the over-under frequency limits are 

50 Hz. with a tolerance of 2%. The lower limit hence comes 

to 49 Hz. and the upper limit to 51Hz. 

  The two processors used are Arduino UNO and Arduino 

MEGA2560. The switching circuitry is realized using solid 

state relays since it is required to control a high power 

application using a low power relay. 

A separate 0-25V, voltage sensor is used for the voltage 

sensing. A potential divider is used to adjust the voltage in the 

range of 0-5 Volts which the Arduino is able to sense it 

appropriately. The ACS712 current sensors are used to 

measure the current. The available solar power is assumed in 

the proposed work which is made accessible to the load 

management system through a Firebase cloud platform. 

III. HARDWARE IMPLEMENTATION OF THE 

LOAD MANAGEMENT SYSTEM 

The hardware implementation of the load management 

system consists of two parts namely islanding detection part 

and the load management part. Islanding detection is done 

based on peak detector and zero crossing detector circuits. 

Coding for both is done with the help of Arduino UNO. The 

voltage tapped from the AC grid is stepped down using a 

230/6V transformer which is given as the input to the peak 

detector and zero crossing detector circuits. 

The peak detector circuit shown in Fig.2 outputs the peak 

voltage of the input. The capacitor stores the current peak 

voltage. If the input voltage is larger, the op-amp output goes 

positive until the capacitor is charged up to the new peak 

value. If the input voltage is smaller, the diode keeps the 

capacitor from being discharged. The output of the peak 

detector circuit is given to a dc voltage sensor.  

The circuit was simulated using the NI Multisim software 

which is shown in Fig.3. The simulation result of the peak 

detector circuit is as shown in the Fig. 4. It can be observed 

that the peak of the input ac voltage waveform is detected. 

The voltage sensor senses the peak voltage of the input 

waveform and in case if the value exceeds the sag or swell 

limits, the relay connected to the microcontroller trips and 

disconnects the AC grid. Since 230 Volts AC waveform 

cannot be directly given to the Op-Amp circuit, it is stepped 

down to 6 Volts using a step-down transformer and then 

given to the peak detector circuit. The sag and swell limits 

have changed accordingly. In order to reduce the ripples in 

the output of the peak detector circuit the time constant 

calculation is done as follows. 

𝐶𝑅𝐿 > 15T                                         (1) 

𝐶𝑅𝐿 >
15

50
 , and Let C=100uF so that RL≅3.3 kΩ. 

 
Fig. 2. Peak detector circuit 

 

 
Fig. 3.Peak Detector Simulation Circuit 

 

 
Fig.4. Result of peak detector circuit simulation 

 
Fig. 5.Zero crossing detector circuit 
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Fig. 6 simulation circuit of zero crossing detector 

 

 
Fig.7. Simulation result of. zero crossing detector circuit 

 

 
Fig.8. Processor relay interfacing 

 

The zero-crossing detector produces pulses at each zero 

crossing of the input waveform. Hence, from these pulses, the 

frequency of the input waveform can be easily calculated. 

The output pulses are given to the interrupt pin of the 

microcontroller to calculate the frequency of the wave. 

The output pulses are given to the interrupt pin of the 

microcontroller to calculate the frequency of the wave. In 

case if the frequency exceeds the limits then the relay trips 

and disconnects the main AC grid. The circuit for the 

zero-crossing detector is shown in the Fig.5 and the 

simulation circuit is shown in Fig.6. Simulation result is 

shown in Fig.7. It is observed from the Fig.7 that pulses are 

produced at every positive zero crossing of the input AC 

voltage waveform.  

All the loads are connected to the Arduino using the relays 

in parallel. Depending on the priority of the loads during load 

management, the loads can be disconnected if the relay is 

triggered. The parallel connection of loads allows easy 

control of each load independently which results in fast 

switching.Since, every load is connected independently to a 

unique relay, failure of any one relay, affects the switching of 

only the appliance, associated with it. Switching of other 

relays does not get affected, thus reducing the maintenance. 

Also, detection and replacement of faulty relays can be done 

easily without hassle. 

Fig.8 shows the processor relay interfacing circuit. When a 

0 Volts output is obtained from the processor, current I2 flows 

through the resistor R2. This resistor limits the amount of 

current flowing into the base of the transistor. The current I2, 

hence, turns ON the transistor. The transistor connects one 

end of the electromagnet inside the relay to ground (the other 

end is already connected to 5 Volts), and a current of about 

0.7 Amps flows.The electromagnet pulls the switch contact 

inside and moves it to connect the COM terminal to the NO 

(Normally Open) terminal. The diode across the 

electromagnet conducts in the reverse direction when the 

transistor is turned OFF to protect against a voltage spike. A 

load is connected across the NC and COMMON of the relay 

which gets operated when the relay gets energised.  

The cloud platform used is Firebase, Google’s cloud 

platform. It has two different storage i.e., cloud firestore and 

real-time database. Firebase's real time database is used to 

store different values from the sensors. The available power 

data is sent to the cloud through a Wi-Fi controller 

NodeMCU and then retrieved from the cloud to the local 

controller of the load management system for further 

processing. Advantage of cloud based communication is that 

the real time data of multiple distributed generators (solar pv) 

can be synchronized and effectively used for finding the 

available power. The data uploaded in the cloud is shown in 

Fig. 9. Another advantage of including various data in the 

cloud infrastructure is that it can be utilized for a wider 

energy management scheme where the energy transfer 

between the charging stations can be based on the available 

power and expected loads at the charging stations. Figure 10 

illustrates the block diagram of the entire circuitry for two 

loads. 

The current sensor is connected in series with the load to 

measure the current value. The voltage sensor in a similar 

way is connected parallel to the load. The load is connected to 

the source through the relay in order to connect or disconnect 

the loads from the supply. This can ensure that some of the 

chargers will not be available if they are not assigned high 

priority according to the prioritisation scheme adopted. 

The cloud communication infrastructure can also be used 

to inform the EV users those who are part of smart 

communication [5] with the charging stations regarding the 

availability of a particular type of charger. This can increase 

the efficiency of an energy management system in which the 

EVs can be guided to the appropriate charging stations 

through the smart communication thereby reducing the 

waiting time at the charging station. 

IV. RESULT AND DISCUSSION 

The testing of various sections of the hardware 

implementation was done individually in order to check their 

working. The islanding detection part consists of the peak 

detector and the zero-crossing detector circuits.These circuits 

are tested individually for their working using Arduino UNO 

boards.The peak detector circuit was tested by connecting its 

output to a voltage sensor module which senses the 

fluctuations in the incoming voltage waveform. The output of 

the zero-crossing detector is given to the interrupt pin of the 

Arduino UNO which senses the frequency of the incoming  

 

 

 



International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-8 Issue-6S, March 2020 

64 

Retrieval Number: F10120386S20/2020©BEIESP 

DOI:10.35940/ijrte.F1012.0386S20 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

AC voltage waveform and also detects fluctuations, if 

any.The flow chart of the entire load management algorithm 

is shown in Fig.11. 

If any of the above mentioned cases are detected, then a 

signal is sent to trip the relay in order to disconnect the AC 

grid and also to trigger the load management system. The 

LED glowing in the Fig.12 indicates the occurrence of 

islanding which signals the load management system. The 

output of the peak detector and zero crossing detector circuit 

as observed on the DSO screen is shown in the Fig.13 and 

Fig.14. respectively. The load management circuit was tested 

separately using four loads and found to function 

satisfactorily. The complete experimental setup is shown in 

Fig.15. The experiments are repeated satisfactorily for 

islanded case also. For the purpose of demonstration of the 

load management system in islanded mode, islanding 

detection circuit and load management setup consisting of 

four DC loads were considered. 

The load power was monitored continuously and 

compared with the set generation values. When the load 

profiles exceeded the generation profiles, then the surplus 

power was supplied by the AC grid. Here it was demonstrated 

with the help of an LED. During this condition when the AC 

grid got disconnected then the loads were supplied power 

based on the order of priority of loads.  

The total power consumed by all the loads is found to be 

approximately 78 Watts. The load management system in 

autonomous mode without AC grid support was checked and 

found working satisfactorily for the cases as shown in the 

Table II. It is assumed that the available solar power 

information is readily available from a power prediction 

algorithm. Depending on the power level requirement for 

different chargers available at the charging station the 

available energy is managed between the chargers. 

 

 
Fig. 9. Storage of various data in Firebase 

 

 
Fig.10. Block diagram of the entire circuitry 

 

 
Fig.11. Flowchart for the entire load management system 

 

 
Fig.12. Indication of islanding 
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Fig.13. Output of the peak detector circuit 

 

 
Fig.14. Output of the zero crossing circuit 

 

 
Fig. 15 Complete load management circuitry 

 

Table II. Load shedding for various generation profiles 

Code sent DG power L1           L2 L3 L4 

None 95W(Default) ON ON ON ON 

q 35W ON ON OFF OFF 

w 20W ON OFF ON OFF 

e 50W ON ON ON OFF 

r 85W ON ON ON ON 

t 10W ON OFF OFF OFF 

Available DG power is taken from the cloud . (Firebase) 

V. CONCLUSION 

The developed load management system is found to be 

useful in managing multiple DC charging equipments 

powered from various DG sources at the EV charging 

stations according to the power availability. The proposed 

system will also be useful in integrating smart 

communication features between electric vehicles and 

charging stations. It can also be implemented at large scale 

for the effective utilization of the available DG power. The 

prototype loads used in the experimental setup can be 

considered as EV charging equipments of different power 

rating. The communication of the local controller with the 

cloud is effectively utilized in switching between the 

allowable loads that can be run with the available DG power. 

The non-availability of ACgrid backup is successfully tested 

with a zero crossing detector. 

Another scope for the developed system is that it can be 

used in signalling the smart communication between the EV 

user and the charging stations. The priority assignment option 

is flexible in such a way that the operator can assign priority 

to the various charging equipments at a charging station 

considering the SoC of the EVs coming to the station, the 

time they opted for the service etc. The constraint is that all 

the assignments should satisfy the available energy 

requirement. This constraint will be automatically taken care 

by the developed algorithm. The developed load 

management can be a part of the broader networks of smart 

charging stations in a city. 
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