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Objective of the presentation

• To develop a novel model for an EVCS using hybrid energy sources.

• To perform optimum sizing and techno-economic analysis of the proposed 
system. 

• To analyze the proposed system in both grid-connected mode of operation and 
autonomous mode of operation.

• Sensitivity analysis of the system. (The effect of fuel cost variation, inflation rates 
and discount rates are considered to understand the variation of LCOE and NPC.)
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Methodology adopted
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Autonomous mode EVCS
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Grid-connected mode EVCS
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Mathematical modelling of the proposed system

The output power of the PV module is calculated by using equation:

𝑷𝑺𝒐𝒍 𝒕 =𝑷𝒓𝒂𝒕𝒇𝒍𝒐𝒔𝒔
𝑮𝒉

𝑮𝒔
[1+𝜶𝒑 (𝑻𝑪-𝑻𝒔 )] (1)

𝑷𝒓𝒂𝒕 indicates solar power output capacity, 𝒇𝒍𝒐𝒔𝒔 indicates loss factor, 𝑮𝒉 indicates hourly 
solar incident radiation on solar panel, 𝑮𝒔indicates standard incident radiation (1000W/𝑚2) 
𝜶𝒑 indicates temperature coefficient of the power.

Electrical power output from the wind turbine system is calculated as:

𝑷𝒆 =
𝟏

𝟐
×  × 𝑪𝒑 × 𝑨 × 𝑽𝟑 × 𝟏𝟎−𝟑 (2)

Cp represents the power coefficient of the wind system ,  represents the air density.
A represents the surface swept by the rotor in (m2)  and V indicated wind speed (m/s).
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Mathematical modelling of the proposed system

The power supplied to the grid is calculated by using equation:

Pgs(t)=[Ppv(t)ηinv+Pw(Vv)(t)]-PL(t) (3)

The amount of power drawn from the grid is calculated by using equation:

Pgp(t)=PL(t)-[Ppv(t)ηinv+Pw(Vv)(t)] (4)

Power consumed by the electric vehicle depends upon three factors, namely, distance 
travelled, battery capacity, and mode of driving. Power consumed by the electric vehicle can 
be calculated by using equation:

𝑷𝑪 =
𝑲𝒅.𝑬𝒌

𝑻
(5)

𝐾𝑑 indicates, number of kilometres driven, 𝐸𝑘 indicates the energy necessary to drive the 
vehicle. T is the time required to charge the vehicle. 
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Mathematical modelling of the proposed system

The power demand of the Nth electric vehicle can be calculated using equation:

𝑷 = σ𝒊=𝟏
𝑵 𝑷𝑪 (6)

The energy required by the battery can be calculated by using equation:

𝑸𝑩𝒂𝒕𝒕𝒆𝒓𝒚 = 𝑺𝑶𝑪 + 𝟎
𝒕
𝑽𝒃𝒂𝒕𝑰𝒃𝒂𝒕𝒅𝒕 (7)

𝑆𝑂𝐶 indicates the initial value of the  charge  of the battery.

The rating inverter can be calculated by using equation: 

Pinv(t)= Ppv(t)ηinv (8)

Ppv(t)=Psol(t)Nsol (9)
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Mathematical modelling of the proposed system

In an integrated grid system, the size of the inverter depends on grid sale capacity and local load demand.

Pmax.inv=PL.max(t)+Pgs.max (10)

LCOE is defined as the ratio of the sum of the entire cost collected during the Project lifespan to the 

number of kWh generated over the entire lifetime of the project.

LCOE= σ𝒊=𝟎
𝑻 𝑪𝒊+𝑳𝒊+𝑶 &𝑴𝒊+𝑰𝒊

𝟏+𝒅 𝒊 / σ𝒊=𝟎
𝑻 𝑬𝒊

𝟏+𝒅 𝟏 (11)

NPC is defined as the present value of the total cost of the system throughout the Project lifetime minus 

the present value of the total revenue during the project lifetime. 

NPC=
𝑪𝒂𝒏𝒏,𝒕𝒐𝒕

𝑪𝑹𝑭(𝒊,𝑹𝒑𝒓𝒐𝒋)
(12)

CRF(i,N)=i(1+i)n/((1+i)(n-1) (13)
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Mathematical modelling of the proposed system

The payback period indicates that the project will be profitable on completion of the payback period, EPP 

can be calculated using equation:

𝑬𝑷𝑷 =
σ 𝑪𝒄+𝑪𝑶&𝑴+𝑪𝑹𝒆𝒑

𝑪𝒄𝒂𝒔𝒉𝒇𝒍𝒐𝒘
(14)

𝐶𝑐 indicates the capital cost, 𝐶𝑂&𝑀 operation and maintenance cost.

𝑃𝐼 can be calculated by using equation: 

LCOE= σ𝒊=𝟎
𝑻 𝑪𝒊+𝑳𝒊+𝑶 &𝑴𝒊+𝑰𝒊

𝟏+𝒅 𝒊 / σ𝒊=𝟎
𝑻 𝑬𝒊

𝟏+𝒅 𝟏 (15)
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Flowchart of the optimization algorithm performed in HOMER software
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Resource utilization and selection of components
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Load curve
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Autonomous mode 
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Case-1, when solar, wind and DGs are active

Case-2, when solar and DGs are active



Comparison of case-1 and case-2 
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Energy consumed by the EVs during the autonomous mode of operation 

16

Case-1, when solar, wind and DGs are active

Case-2, when solar and DGs are active



Sensitivity analysis of system

Uncertainty is one of the essential parameters that must be considered while 
designing any type of Mini-grid or EVCS.

Variation of discount rate, inflation rate and cost of fuel is considered to analyze 
the variation of NPC and LCOE.
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Summary of EVCS cost in autonomous mode (when solar PV and DG 
are active)
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Summary of EVCS cost in autonomous mode (when solar PV, wind and 
DG are active)
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Grid-connected mode of operation 
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Case-1, when solar and wind are active

Case-2, when solar alone is active



Energy produced and energy sold to the grid when both solar PV and 
DG are active
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Energy produced and energy sold to the grid when solar PV, wind and 
DG are active 
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Energy consumed by EVs and grid export
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Case-1, when solar and wind are active

Case-2, when solar alone is active



Cost variation by varying the system architecture
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Summary of the proposed system cost (solar PV is active)

Components Capital cost in  

($) 

Replacement cost 

in ($) 

O&M  cost in 

($) 

Salvage cost in ($) Total ($) 

Converter 2534.90 5069.79 0 (1267.45) 6337.24

Solar PV 36000 0 7500 0 43,500

Grid 0 0 14637.84 0 14,637.84

System 38534.90 5069.79 22137.4 (1267.45) 64,475.80



Summary of the proposed system cost (when solar PV and wind are 
active)

25

                                                                 

                                         

                           

                         

                                 

                                                    



Greenhouse gases (GHG) mitigation 

• One kWh of electricity generation from thermal power plants produces an 
average of 980g carbon dioxide,1.24g sulphur dioxide, 2.59g nitrogen oxide
and 68g ash.

• Generating adequate power from hybrid renewable sources reduces GHG 
emissions into the environment and can minimize environmental hazards, 
including global warming, ozone layer depletion, etc.

• GHG mitigation for the autonomous and grid connected mode of operation is 
calculated when only solar is active (best optimum result case is considered) is 
resultant of 45,172.12kg of  CO2, 57.15kg of SO2 and 119.38kg of NOX. 
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Comparison of the present system with the existing literature 
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Conclusion

 The proposed EVCS is mathematically modeled, simulated, and the techno-economic performance of 
the charging station is assessed.

 The EVCS is designed for both grid-connected mode and autonomous mode of operation, and the 
optimum result obtained is presented. 

 In the autonomous mode, the LCOE, NPC and operating cost is estimated at 0.326 $/kWh, $4,83,115 and 
$85,668, while in grid connected mode LCOE, NPC and operating cost is estimated at 0.0323 $/kWh, 
$64,475.09 and $38,535 (when Solar PV, DG and Grid is considered).

 The optimum sizing of the sources and energy produced to charge the EVs is elaborated by considering 
different case studies.

 The amount of GHG mitigation is significantly high by using a hybrid energy system. 

 A significant increase in fuel cost is observed from the past few years, and the usage of electric vehicles is 
also increasing in all parts of the country; it is very much necessary to develop EVCS for ensuring energy 
security in India. 
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