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Abstract: Electric vehicle (EV) and its infrastructure takes significant concerning in the civilized 
societies around the world. Solar assisted EV charging stations are effective element in the 
successful initially infrastructure installing and EV deployment. In this paper HOMER software 
simulation was employed to design and assess solar assisted EV charging system, connected to 
low voltage, limited 3kW single phase grid connection. The system's PV panels designed as 
canopy with battery storage capability for solar radiation condition of Kuala Lumpur, Malaysia. 
The system found suitable to accompany with level 2 chargers to use as public canopy, work 
place or shopping center car park. The system storage capability and the limited grid power are 
very effective to mitigate the stress of the numerous EVs that charge simultaneously over the 
utility grid. PV penetration in this system effectively reduced harmful emissions in overall system 
operation. PV panels produces feasible amount of energy sufficient to serve during power outage 
or in disasters when grid disrupted. PV in this system produces 1.82 times lifeline band, monthly 
consumption of Malaysia TNB, which economically profitable to sale electricity to the grid when 
no charging service in use. Solar energy that induced by the system PV panels show highly 
effective operation despite its little renewable energy fraction.  
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1 Introduction 
  Solar assisted EV charging stations are 
world widely unrolled via it’s relying on 
clean solar electricity. Single phase grid 
connection of 50 kW rapid charger station is 
actually made and announced by Nichicon 
Japanese Company [1]. Nichicon’s low-
voltage EV charging station utilizes 
combination of solar power with single 
phase commercial grid power source of 3kW 
maximum value. Storage battery bank is 
necessary for solar assisted EV charger that 
connected to low-voltage grid line to store 
the limited and slowly drawn electricity 
(from PV and grid). After that this electricity 
will be ready to discharge fastly in EV 
battery pack by the charger as needed. The 
installation of high voltage electrical 
equipment (that required usually in EV 
chargers without storage function) is 

unnecessary and that will be reduced 
initially costs as well as running costs. Using 
storage battery bank in charger systems are 
effective solution for matching between the 
grid utility and high electric demand that 
imposes on the grid whereas high 
penetration of EVs are deployed [2]. Also, 
storage batteries are common use with 
intermittent renewable energy systems to be  
dispatchable electricity power sources [3].  
In this paper, design and assessment of 3kW 
maximum value of single phase low-voltage 
grid sources solar assisted EV charging 
station was performed. HOMER simulation 
used to achieve this design and assessment 
in terms of Kuala Lumpur solar incident 
radiation condition. 

 

 

2 Materials and Method 
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  National Renewable Energy Lab (NREL), 
a division of the U.S. Department of Energy 
(DOE), developed Hybrid Optimization 
Model for Renewable Energy systems 
(HOMER) software [4]. 
  HOMER models a particular system design 
by performing an hourly time series 
simulation of its operation over one year. 
HOMER calculating through the year, the 
available renewable power, comparing it to 
the electric load, and deciding what to do 
with surplus renewable power in times of 
excess, or how best to generate or drawn 
from the grid additional power in times of 
shortage [5]. PV panels with capacity of 
3.17 kW were utilized to extend over 24m2 
area canopy with deep cycle lead acid 
battery pack as electricity power storage. 
This canopy area is enough to 2 car park 
spaces with system cabinet in the middle. 
Battery bank connected to the PV panels via 
DC-DC converter and charging controller to 
matching between PV output and battery 
charging voltage. Also, battery bank 
connected to the low-voltage grid line via 
AC-DC converter.  
  Solar panels total capacity constrained by 
3.17 kW for the systems while electricity 
that drawn from the grid constrained by 
maximum value of 3kW grid line source. 
Level 2 charger used to match the power 
transfer from the charging system storage 
battery to the EV battery pack (tab.1).  
Mid size EV efficiency of 4.66 km/kWh or 
2.9 mile/kWh [6] used to compare system 
performance for different capacities. 
 
Table 1: SAE J1772TM standard level 2 
charger power (kW) and charging time 
(hour) [4].   

AC level 2 (SAE J1772™) PEV* BEV** 
3.3 kW 3 h 7 h 

7 kW 1.5 h 3.5 h 

20 kW 22 min 1.2 h 
*PEV= plug-in hybrid electric vehicle. 
**BEV= battery based electric vehicle = EV. 
This table considers charging of PEV with state of 
charge (SOC) as 0% to full and BEV as 20% to full. 
 
 

3 System components 

3.1 Solar panel 
  CS6X-295M Solar module [5], 72pcs of 6" 
mono-crystalline solar cells used in this 
design (Table 2). 
 
Table2. CS6X-295M Solar module 
specifications 

Remarks Specification 

263.6w PTC rating 

17% Cell Efficiency 

295W Pmax 

36.4V Vmp 

8.11A Imp 

44.9V Voc 

8.63A Isc 

1.95 x 0.98 x 0.04 Size (m) 

 
The capacity of total solar panels that used 
in this system selected as 3.17kW in order to 
benefit from a greater share of renewable 
energy in this design. 3.17kW solar panels 
correspond to 12 modules of CS6X-295M 
covers approximately 24m2, i.e. a canopy of 
(6 X 4) meters or (6 X 2) modules. 
 
 

3.2 Battery 
  RA12-260D, AGM Deep cycle Lead Acid 
battery [6] specifications shown in (table 3). 
 
Table 3: RA12-260D, AGM Deep cycle 
battery specifications. 

specification remarks 

Voltage 12V DC 

Capacity 260Ah @ 25˚C 

Power  3.12 kWh 

Weight Approx. 74 Kg 

Max. Discharge 
Current 

2600 A 

Internal Resistance Approx. 3.5 mΩ 

Normal Operating 
Temp. Range   

25˚C±5˚C 

Recommended 
Maximum Charging 
Current Limit 

78 A 

 
 
Lead acid battery has a cheaper cost and a 
longer cycle life than Li-ion and other 
battery types like Ni-MH [7]. Thence, and 
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despite its large size and heavy weight 
compared to Li-ion battery, Lead Acid 
battery more adequate in this system 
assuming that bulky feature does not affect 
of the system performance.  
 
 

3.3 Grid 
  The electric power that drawn from the 
grid limited by maximum value of 3kW and 
constrain HOMER not to exceed this 
capacity in all cases. 3kW are equivalent to 
maximum electric power that available from 
residential single phase grid outlet. This 
feature make the system can install in all 
rural and urban places and connected to 
residential electricity outlet point even with 
limited grid access. Also, this limitation 
feature contributes in mitigate the 
detrimental impact of high level EV 
deployment on the grid utility. 
The cost of purchasing electricity from 
public grid according to the fee schedule for 
the commercial value of electricity [8] is 
equivalent to 0.143 US $ / kWh which is 
above 200 kWh per month (200kWh/month 
represent the lifeline monthly reside
consumption in Malaysia [9]) for Malaysia 
electric company (TNB). 
 
 

3.4 Load 
Load that considered in this work is an EV 
that charged from system battery bank 
through level 2 (>3kW) EV charger [10]. 
Load profile distributed equally in all day 
hours assuming that the system continually 
charging throughout the day.
 

despite its large size and heavy weight 
ion battery, Lead Acid 

battery more adequate in this system 
assuming that bulky feature does not affect 
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maximum electric power that available from 
residential single phase grid outlet. This 

ke the system can install in all 
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detrimental impact of high level EV 

d utility.  
The cost of purchasing electricity from 
public grid according to the fee schedule for 
the commercial value of electricity [8] is 
equivalent to 0.143 US $ / kWh which is 
above 200 kWh per month (200kWh/month 
represent the lifeline monthly residential 
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Load that considered in this work is an EV 
that charged from system battery bank 
through level 2 (>3kW) EV charger [10]. 
Load profile distributed equally in all day 

suming that the system continually 
charging throughout the day. 

  
Fig.1 Equipment to consider front of 
HOMER with first assumed daily load value 
30 kWh/d. 
 
Symmetric load profile has been used to 
determine the maximum system capacity 
which equal to the maximum load that the 
system can serve per day. HOMER will 
change the daily load value shown in (Fig. 
1) (30 kWh/d) and replace it (for each row 
shown in table 5) by assumed values that 
considered in sensitivity daily load inputs 
shown in (table 5). HOMER 
equally distribution load profile in all 
calculation steps and change the daily load 
values according to the inputs that 
considered in daily load Column in (table 5) 
[11]. 
 
 

4 Solar Radiation 
  Annually average of daily incident solar 
energy data over Kuala Lumpur city of 
Latitude 3.14 / Longitude 101.68 are 
collected from NASA’s Surface 
meteorology and Solar Energy Data [12] 
(Fig. 2). The same data available in NREL 
sponsored Solar and Wind Energy Resource 
Assessment (SWERA) [13]. (Fig. 2
that average daily radiation of each month 
take the highest value in Feb., Mar. and Apr. 
while take the lowest value in Nov. and Dec. 
The mean output solar energy produced by 
the solar panels per day is (12.4kWh/d) and 
the total production of electricity a
kWh/yr) (Table 4). 

 
Equipment to consider front of 

HOMER with first assumed daily load value 

Symmetric load profile has been used to 
determine the maximum system capacity 

maximum load that the 
system can serve per day. HOMER will 

aily load value shown in (Fig. 
) (30 kWh/d) and replace it (for each row 

shown in table 5) by assumed values that 
considered in sensitivity daily load inputs 
shown in (table 5). HOMER keeps the 
equally distribution load profile in all 
calculation steps and change the daily load 
values according to the inputs that 
considered in daily load Column in (table 5) 

 
Annually average of daily incident solar 

over Kuala Lumpur city of 
Latitude 3.14 / Longitude 101.68 are 
collected from NASA’s Surface 

d Solar Energy Data [12] 
). The same data available in NREL 

sponsored Solar and Wind Energy Resource 
Assessment (SWERA) [13]. (Fig. 2) shows 
that average daily radiation of each month 
take the highest value in Feb., Mar. and Apr. 
while take the lowest value in Nov. and Dec. 
The mean output solar energy produced by 
the solar panels per day is (12.4kWh/d) and 
the total production of electricity are (4543 
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Fig.2 Daily solar radiation over Kuala 
Lumpur in all year months. 
 
Table 4. The mean output of daily solar 
energy produced by solar panels.

 

 
 

Table 5: sensitivity results of HOMER designs for charging system.

 
 

Fig. 3: Total Electrical Production a

 
Daily solar radiation over Kuala 

Table 4. The mean output of daily solar 
energy produced by solar panels. 

 

5 Results and discussion
  HOMER optimized results 
table 5 for the hybrid system of PV
maximum grid line, as maximum daily load 
that the system can serve. Each row in tables 
5 represents an optimized configuration that 
HOMER evaluated for each da
that assumed in daily load column. The 
yellow colored config
optimized design that corresponds to 77 
kWh/d daily loads. This design consists of 
3.17kW PV capacity, 12 batteries, 3kW 
converter capacity to convert AC 3kW grid 
line maximum capacity to DC electric 
current. The initial cost of the optimized 
system is US$17,673 and the net present 
cost is US$124,976 with cost of energy of 
0.178 $/kWh.  
   

Table 5: sensitivity results of HOMER designs for charging system.

: Total Electrical Production and Number of Batteries vs. Daily Load of charging system.

5 Results and discussion 
HOMER optimized results are shown in 

brid system of PV-3kW 
maximum grid line, as maximum daily load 
that the system can serve. Each row in tables 
5 represents an optimized configuration that 
HOMER evaluated for each daily load value 

aily load column. The 
yellow colored configuration is the 
optimized design that corresponds to 77 

This design consists of 
3.17kW PV capacity, 12 batteries, 3kW 
converter capacity to convert AC 3kW grid 
line maximum capacity to DC electric 

The initial cost of the optimized 
system is US$17,673 and the net present 
cost is US$124,976 with cost of energy of 

Table 5: sensitivity results of HOMER designs for charging system. 

 

 
nd Number of Batteries vs. Daily Load of charging system. 
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  Fig. 3 shows the relationship between the 
daily load (kWh/d) in x-axis versus total 
electrical energy produced in the system 
(blue curve), and number of batteries that be 
used in the system (red curve). 
  Total electrical production is the 
combination of grid electrical energy plus 
the electrical energy provided by solar 
panels. Blue curve shows that any increasing 
in daily load will led to increase the total 
electrical production linearly below the 
“threshold” point (77 kWh/d) on x-axis(blue 
curve). After this value any increasing in 
daily load will led to saturate the total 
electrical production due to that energy 
sources (solar and grid) provide limited and 
insufficient amount of energy after that point 
to serve the excess load. However this 
saturation point in the blue curve associated 
with “knee” point in the red curve (12 
batteries) that both points corresponding 
with the threshold point on x-axis. The knee 
point start the rapid increasing in HOMER 
simulation batteries number because that 
HOMER compensate the shortage in 
produced electricity in the systems by 
adding extra batteries in order to utilized it’s 
initially stored energy to meet the excess 
load. This HOMER technique solves the 
problem for one year only (HOMER 
analyses electric source-demand balance for 
one year not for all project life). Because the 
energy that existing in the batteries will 
deplete after that and the system stop 
supplying the excess load after the threshold 
point. So, the optimum value for daily load 
that keep the system stabile, is the threshold 
point (77 kWh/d) which represent the 
maximum energy that the stabile system can 
produce per day. 
  The system produces (77kWh/d) daily 
electric energy that sufficient to provide 24 
hour charging service throughout the day 
with level 2 charger of 3.3kW power output 
or 11 hours with level 2 charger of 7kW 
power output. These results mean that the 
system can provide whole day charging 
serves with 3.3kW charger and only day 
time (Malaysia grid peak hours) charging 

serves with 7 kW charger. In the other 
words, such amount of energy are equivalent 
to 359 km rang for mid size EVs, of 4.66 
km/kWh efficiency, which can charge 7 EVs 
per day for 50 km each. This system is 
suitable to serve as public canopy, work 
place or shopping center car park which 
usually uses level2 charger. 
  PV system that employed in this hybrid 
system provide 12.4 kWh/d or 
372kWh/month which is 1.82 times more 
than lifeline (200kWh/month) monthly 
consumption in Malaysia which indicate that 
the system can benefit from selling 
electricity to the grid in case of no EV 
charging in serve.  
 
 
Table 6: pollutant emission that prevented 
by PV system per year.  

Load PV 

CO2 

Emissions 

SO2 

Emissions 

NOx 

Emissions 

kWh/d kW kg/yr kg/yr kg/yr 

77 3.17 2871 12.44 6.1 

 
The annual green energy that produced by 
PV panels (4543 kWh/yr) are considerably 
reduce the toxic emissions that supposed to 
be emitted by the grid if the system is fully 
grid dependence (tab 6).  

 

 

6 Conclusions 
  Solar assisted EV charger that consisted of 
3.17 kW PV connected with single phase 
3kW maximum grid source to supply level 2 
EV charger through battery storage pack is 
suitable to use as public canopy, work place 
or shopping center car park. 
  The energy storage capability of the system 
and the limited power that drawn from the 
grid is very useful to mitigate the unwanted 
impact of the numerous EVs that charge 
simultaneously over the utility grid. Also, 
the charging system can effectively alleviate 
the stress that imposes on the grid by EV 
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charging that occurs through peak hours 
demand.     
   PV system that employed in this hybrid 
system produces 1.82 times lifeline band, 
monthly consumption of Malaysia TNB 
utility company, which is economically 
profitable to sale electricity to the grid when 
no charging service in use. 
  The annual green energy that produced by 
the PV panels are considerably reduced the 
toxic emissions that supposed to be emitted 
by the grid if the system is fully depend on 
the grid.    
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