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ABSTRACT 

  

There is a growing demand for electric vehicle (EV) charging stations due to 

the growing number of people buying electric vehicles. This means that demand for 

electric vehicle charging stations is also increasing. With the participation of the 

business and government sectors, the Thai Government, under the Thai government 

energy conservation plan for 2015-2036, is encouraging investment in the production 

and importation of electric vehicles. This includes the development of more efficient 

electric vehicles that can travel long distances without the need to recharge the battery. 

The number of electric vehicles rose in the period from 2017 to December 2021 as 

follows; battery powered EVs (BEV) 11,382 units, (PHEV) 31,145 units and HEV 

196,582 units: a total of 239,109 units. According to the Electric Vehicle Association 

of Thailand, in September 2021 there were 693 electric charging stations operational in 

Thailand with 2,285 charging plugs available. 

This research is a simulated study of a business model for the development 

and expansion of electric vehicle charging stations that analyzes the reduction of the 

cost of constructing charging stations and evaluates the cost of electric vehicle charging 

station ownership. This business model analyzes the reduction in investment and 

 



 D 

operational costs and the suitability of the location of EV charging stations. The growth 

in demand for EV charging stations to accommodate the growing number of electric 

vehicles, requires efficient and safe charging technologies that satisfy the needs of EV 

owners in different situations. 

This research looked at three scenarios based on the modeling of possible 

market shares. Scenario 1 includes normal EV charging stations only which would 

normally be installed in shopping malls, restaurants, and residential condominiums, 

Scenario 2 includes quick EV charging station design only which would usually be 

found in gas stations, vehicle logistics centers and department stores, and Scenario 3 

includes both normal and quick EV charging stations. Scenario 2 and 3 by implication 

are available to the public whereas Scenario 1 is for private use. The breakeven point 

(BEP), net present value (NPV), internal rate of return (IRR) and payback period (PB) 

were determined for each scenario and the differences were analyzed. The results were 

as follows. Scenario 1 has the lowest cost but the longest cost recovery time and low 

net profit. Scenario 2 has the highest charging cost, highest investment cost, but shortest 

payback period, of the three scenarios. 

This study can help analyze costs and provide guidelines for investment 

decision-making on the installation of EV charging stations. These EV charging station 

scenarios can help in predicting and comparing the net profit margins of the business 

models. 
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CHAPTER I 

 

INTRODUCTION 

 

   The electric vehicle transportation industry is overgrowing due to increasing 

consumer demand. They were born from residents of large cities, packed with more 

than 300 million tons of carbon dioxide per year, using petrol vehicles on the road 

combined with the enormous carbon dioxide emissions from industry and households. 

There is a limited amount of petroleum fuel running out in many countries. Pure 

electric vehicles using clean energy are discussed as an alternative to eliminating the 

problem. Thailand is trying to develop an electric vehicle with better performance, such 

as reducing engine noise. Production of batteries for electric vehicles. 

  Easier to operate the electric vehicle on long trips, reducing costs and 

international cooperation in promoting research development and investment in the 

EVs industry and in the number of charging stations. Electric vehicle charging station 

are the essential infrastructure that must be prepared to create the correct knowledge 

and understanding of electric vehicles. It is another issue that all business stakeholders 

must consider the common interests of the environment. The Thai government has 

announced an energy conservation plan for 2015-2036. According to the Electric 

Vehicle Association of Thailand report, in September 2021, there are 693 electric 

charging stations, the number of plugs is 2,285 chargers, the cumulative number of 

electric vehicles between 2017 and 2021 in Decamber 2021. BEV 11,382 units, PHEV 

31,145 units and HEV 196,582 units, total 239,109 units. The number of electric 

vehicles with such charging stations represents a limitation in customer demand not yet 

balanced. 

  For daily commuting to work or nature tourism, green spaces also include the 

issue of energy conservation and environmental protection. It is a journey for reducing 

environmental pollution, helping to keep nature modern and easily accessible both 

internationally. Many agencies have started to campaign and educate each other about 

reducing global warming. Currently, both in large cities, rural areas, and high-altitude 

areas caused by forest fires causing the number of trees to die down, the number of trees 

decreases every year. The natural condition is unbalanced, with bald mountains 

increasing every year. It affects more hot weather, less rain, or when it rains heavily, 

landslides can be flooded due to the changing environment of the trees. 

   Smart City is an urban society that smartly uses modern technology and 

innovation. To help develop the country under the concept of livable city development, 

safe environment, pollution, modernity, people in the city live happily and sustainably 
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by creating the city in parallel with other areas such as economy and technology 

creation. To increase service efficiency and manage travel in large cities. To reduce 

costs and use of resources by emphasizing the participation of business, government, 

and people while maintaining a balanced, pollution-free environment. To focus on 

optimizing the use of electric vehicles without affecting the environment or using clean 

energy as an alternative. 

  Smart Economy focuses on optimizing and streamlining business operations, 

building connections and collaborations, and bringing innovation to development. To 

transform the business by pushing the target city into a business center based on 

innovative smart transportation and communication systems.  

  Smart Mobility focuses on enhancing the accessibility of public transport 

systems, providing convenient transportation and safety, optimizing logistics 

management, including energy-saving and environmentally-friendly vehicle sharing, 

and keeping cities safe from global warming. The electric car market will increase, 

possibly from importing to the Chinese electric car market during the first market 

opening in Thailand. Moreover, the use of 0% import tax measures, reduced excise 

taxes, and steps to motivate Thailand people to buy electric cars from the Thai-China 

free trade agreement. The factor supporting the market growth in the future will be the 

ability of the government and private sectors to increase the confidence of consumers 

to use electric vehicles in the market. In particular, the networking of charging stations 

to cover is an interesting measure to increase charging stations and the cost of charging 

electric vehicles. Based on the existing review and current situation, there is still a lack 

of a business model that will help strengthen or guide investors interested in owning 

charging stations. The technical process of production costs, expenses, tax rates, and 

electric cars is small; it will not be enough to use the service. The breakeven point on 

the cost of investing in electric vehicle charging stations was one of business decision-

making. This research explored the investment and idea of the ownership cost model of 

electric vehicle charging stations to power environmentally friendly tourism. It is a part 

that supports each type of  Smart City, Smart Economy, and Smart Mobility to have the 

basic integrity of the city's development and the public system. 

 

 

 

 

 



 3 

OBJECTIVES OF RESEARCH 

1. To determine the cost factors and various equipment electric vehicle charging 

station for using the service with electric vehicle. 

2. To design the electric vehicle charging station business to affect the 

investment decision of the electric charge station in Phitsanulok province route to 

Phetchabun province. 

3. To analyze the investment of the owner's cost for a market share of electric 

vehicle charging stations, plug-in hybrids, hybrids and comparing environmental 

impacts on cable routes Phitsanulok province to Phetchabun province. 

 

THE SCOPE OF THE RESEARCH 

   This research focused on cost factors and various equipment of electric vehicle 

charge station investment as the pattern service stations of the electric charger for 

electric vehicle and hybrid cars as follows detail; 

1. Analyzing the working principle of the electric vehicle charging station 

system and electric power supply characteristics. Comparison of the advantages and 

disadvantages of the three electrical systems. The technical summary and financial 

value which has various details. 

2. Design and install electric vehicle charging stations for ease of use and no 

environmental impact. 

3. Study, analyze, compare costs business model of electric charging stations, 

product, price, place, and process for the features of electric vehicle charging stations 

affecting the investment decision of the owner market share of electric vehicle charging 

stations for road trips Phitsanulok Province to Phetchabun Province. 

 

EXPECTED BENEFITS OF RESEARCH  

1. Analysis of cost factors, investment projects, the ownership cost model of 

electric vehicle charging station to power environmentally friendly tourism affecting 

the investment decision of the electric charge service station Phitsanulok province road 

to Phetchabun Province. 

2. The study results affected the decision to use the information as an investment 

guideline and marketing strategy. The market share manages the electric charging 

station business to benefit the operators. 
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3. Result of the project in the breakeven point business model for investment in 

electric charge stations used to suit the location and not affect the environment 

Phitsanulok province road to Phetchabun Province. 
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CHAPTER II 

 

LITERATURE REVIEW 

 

CHARGING STATION COST  

   The cost analysis of electric vehicle charging stations studied various research 

agencies. 

Assignment of drivers to develop each charging station. There are integer 

programming models that have been developed to answer and define problems. Three 

schemes are used that identify problems and to increase the charging current of the 

plug-in electric vehicle electric vehicle station good for in the network.[1] 

Study of charging electric cars at night. For users who stay in residences. Three 

different electric vehicle charging scenarios have been considered. Grid network 

electricity consumption through grid-connected PV systems with electric energy 

storage batteries. Combined with electrification, the PV system is connected to the grid 

network with storage batteries while serving the consumer. Two services were 

examined in anticipation of purchasing an electric vehicle as an alternative to gasoline-

powered vehicles.[2] 

           The electricity bill goes up much higher if the electricity rate is low for the 

required tariff. Costs are reduced with the increased utilization of electricity in high-

volume charging stations. Unlike charging stations with no need for electricity, 

consumer-based charging stations can reduce the cost of electricity. It's a great 

opportunity to save on electricity costs based on existing rates, for example, fast 

charging is time-consuming. There is a large number of consumers for electric charging 

stations with a large number of plug-in stations.[3] 

   Multilevel charging station positioning is one method of development. Various 

methods are used to assess the boundary segment and classify the charging station under 

a hexagonal group of methods and algorithms. In the study, the novelty of the method 

was to assess the capacity of electric vehicle use at the macro level and at the service 

point of charging stations on a micro scale.[4] 

   Using models to analyze the effects of electric vehicle charging where there is 

no control on the load profile system in the housing It was found that absolute load 

increased up to 8.5 times depending on the load infrastructure. The annual power 

demand factor will double.[5] 



 6 

   The aim was to find a cost-effective way to manage the limited battery range. 

Availability of public-based fast charging infrastructure. Aims at German passenger 

cars that are licensed by commercial owners as it is an important first market for electric 

vehicles. The results of a fast charging infrastructure are worth the investment. This 

makes the proportion of electric vehicles important with low infrastructure 

requirements. Commercial electric vehicles can compete with longer battery ranges.[6] 

There is a comparison with the charging infrastructure. Battery cost calculation 

affects PEV market share. no change with Electric vehicle charging infrastructure and 

its importance in PEV market dynamics. Simulating electric vehicle charging 

infrastructure at public points has an impact on promotion PEV for emerging markets 

PEV than in the mature market from PEV.[7] 

   Discounted payback period verification of investment costs. The results of the 

proposed system analysis can reduce the demand from filling. BESS and reduce 

electricity costs from using PV. However, the proposed method cannot be repaid within 

a reasonable period of time based on the price. PV and battery prices that are currently 

available. The survival of the economy in the 5 to 10 year time frame is likely to be 

better than expected. If you consider the continued price drop will occur as 

technological advances develop faster.[8] 

   Developing models to analyze the impact of different charging technologies, 

insurance contracts, and other factors. It affects the profits of electric vehicle-sharing 

service providers. The operator's demand comes from the number of customers driving 

under the service member. Operating expenses such as parking, electricity, battery 

charging and insurance contracts already included in the form.[9] 

In a fragmented analysis method to independently study the charging and 

normal system loads. This section includes the analysis of the electric power system 

network. First, analyze to calculate the average, maximum, minimum fluctuation of the 

charging system load. Using the Monte Carlo Method and Getting the Vehicle's 

Calculation Scale and the regulation law of the function while being charging.[10] 

   The total cost of owning more than two car markets has not yet been compared 

to the past cost analysis. This research provides a more comprehensive assessment of 

the total cost of owning a conventional vehicle. Electric vehicle plug-in hybrids and 

hybrids in 3 countries such as the UK, USA and Japan.[11] 

  For the results of the important impact of the TCOC data. Determined weight 

with difference in value and driving ban with Internal combustion engine vehicle and 

the average annual mileage has an important effect on the decisions of battery electric 

vehicles.[12] 
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Judging by the number of motorists, the Italian population owns an electric car 

garage and drives an electric vehicle in urban areas. Using the cheapest BEV, the price 

is competitive with competitors while there is no subsidy on HEV use. For the Italian 

population up to 11.8% of drivers do not drive diesel and petrol vehicles. As it has 

driven the regular distance in one year.[13] 

Having a multilevel perspective to show that Norway's motivations and policies 

have evolved considerably over the past 25 years. To balance through good interactions 

between the international landscape. the presence of a national good governance 

network regime model and conservation specific groups. in order to be able to use it to 

open up a world of opportunities This led to the development and capacity building of 

BEV. Both consolidating into ICE's ownership regime since 2016. Changes have been 

made for BEV incentives to support the use of electric vehicles since 1990.[14] 

  For calculating the cost and sales of electric vehicles is about examining the 

importance of the financial incentive role to reduce TCO. To increase the sales of 

electric vehicles, an electic and internal combustion engine licensed will be taken. 

Compare and cross between European countries. The actual amount of electric vehicle 

price used in the calculations is the initial incentive for each model in each country. The 

review has a negative correlation with different TCO sales in the car segment with ICE 

comparisons the potential impact on electric cars has a lower TCO. Higher sales and 

lower price response than electric vehicles is small.[15] 

  For a detailed analysis of annual data to consider the location of electric vehicle 

charging infrastructure at public points and electric vehicle ownership rates. In focusing 

on the area where the first public electric vehicle charging infrastructure is installed 

during the specified period. To build the first public electric vehicle charging station in 

most rural areas began to be used. On average, electric vehicle ownership in rural areas 

has increased 1.5 percentage points, or 200%, over the past five years.[16]. 

  Based on experience for the charging infrastructure in Norway. It has had the 

most advanced EV market in the world through developments in the past. Study 

sponsored lesson of public points for electric charging station services and the business 

model of electric vehicle charging service providers at private areas. The study focused 

mainly on the electric vehicle fast charging infrastructure. From the consumer 

perspective, electric vehicle charging stations are also important and with the result of 

an EV owner in Norway.[17] 

  Batteries for electric vehicles can provide energy and may have more important 

emissions than internal combustion engine vehicles. In Norway there is a long history 

of developments in research and automotive user incentives from the government for 

the BEV. The BEV market in Norway allows checking BEV options. of consumers in 

detail. of government support influenced by vehicle data, prices and incentives.[18] 
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For investigating alternatives to improve the net present value of electric vehicle 

charging infrastructure investments. In the past, energy storage in batteries on the road 

and the sale of energy for electric cars. A cross-port dock-style lithium-ion battery 

minimizes demand for peak power. But the charging system for cross-shore vessels has 

a negative net present value.[19] 

   An investigation of the impact of electric vehicle charging systems on the grid 

in the present and future times. Pay attention to the relevance of using a very fast electric 

charger. The possibility of systems with grid disturbances is examined for flexibility in 

the power system management area. The benefits of electric vehicle charging station 

models have been examined on the effects of charging point operators and electric 

vehicle owners. The research supports the ambitions of accelerating the launch of 

electric charging stations and increasing the number of cost-effective charging points. 

There are implications related to the shift to fossil-free transport and the electrification 

of locally produced renewable energy.[20] 

Transnova, a collaboration between government departments and electric vehicles 

service users' association. To develop an open electric vehicle database, it is possible 

to create their own services for everyone according to that standard.[21] 

   Analysis of the cross-regional and municipal electric vehicle sales of Norway. 

To analyze these with local demographics and incentives to determine what factors lead 

to the increase in electric vehicle trauma. Summary of electric vehicle charging 

infrastructure access to electric vehicle charging stations located next to major cities. It 

provides regional income and forecasts for electric vehicle sales growth.[22] 

The results of the study present the current e-mobility situation in Norway and 

Italy. The technical characteristics of electric vehicles and electric vehicles business are 

analyzed. There is a policy to support national incentives for the electric vehicle market. 

Electric vehicle technical connector type and electric vehicle charging propagation.[23] 

  In past studies it was found that the increasing number of electric vehicles will 

have a greater impact on urban air quality pollution. Higher dependence on oil has been 

created for Western countries. Most people from different countries All over the world, 

incentives are being launched to promote the use of electric engines. Change the 

solution to manage environmental problems, pollution, oil dependence and cleaner air 

quality.[24] 

  An on-going analysis of battery electric vehicles in Norway. For to focus on 

measures adopted electric power to support the transformation from classic cars. 

Consider checking the correlation with various policy measures. For the infrastructure 

of battery electric vehicle and the improvement of electric vehicle technology.[25] 
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  The route analysis for electric vehicles at the national level is a wide range of 

problems. This makes analyzing the path of electric vehicles a complicated task. 

Identifying strategies for success is very important. for separating carbon from the 

transport sector and eliminating pollution.[26] 

  Participation in a Norwegian demonstration project on electric vehicle charging. 

Intelligence aims to make charging more flexible. Theoretical concepts from home are 

used and different charging methods are analyzed. To understand the relationship 

between the complexity of everyday life and the flexibility of electric vehicle charging 

users in a systematic way.[27] 

There has been a shift to using electric vehicles for non-emissions 

transportation. This could result in an increase of 1.5 million electric cars by 2030, 

resulting in an increase of 4 TWh of energy demand. 3% of electricity consumption in 

Norway. This time, the increasing number of electric vehicles will not be much of an 

energy problem. That could be a problem of charging station capacity for the 

distribution network. If all households are charging their normal electricity 

consumption simultaneously.[28] 

  Many problems concerning the charging infrastructure have appeared. 

Developing strategies to manage this problem efficiently is essential for the charging 

infrastructure. One problem is the queuing times at EV charging stations; another is 

power-demand management.[29] 

  Electric charging station with mobile platform and robots working together. 

Navigation for detection by connecting the electrical wires from the wall socket to the 

car. Wall plug when the car battery charger reaches the required level to operate the 

electric charging system.[30] 

 

 

 

 

 

 

CHARGING STATION SYSTEM  

   Overview of Research to calculate Electric Vehicle. Charging Station Costs 

Conducted a study for Electric Vehicle charging station mode and safety. There are 

4 modes of electric vehicle charging at present. 
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Mode1 is an alternating current charging directly between the power plug 

connected to the electric cable into the car's electrical socket. There is no leakage 

protection device and signal cable to communicate with the vehicle. For safety 

reasons, mode one charging is prohibited. 

Mode2: It is an alternating current charging between the use of an electrical 

plug with a signal cable to communicate with the car's charging system. 

Moreover, a leakage protection device can control charging with the electric 

cable. 

   Mode3: It is an alternating current charging system. It is connected to the 

mains only. There is a signal cable to communicate with the car's charging 

system. A leakage protection device and a control unit are attached to the charger 

system installed. 

   Mode4: A DC charging installed to connect the wires to the mains. A 

charger converts alternat current to direct current and connects directly to the car 

battery system. A communication cable with the vehicle and a fault protection 

device and control unit is built into the charger system installed. 

FIGURE  1  ELECTRIC VEHICLE CHARGING STATION MODE AND SAFETY 

 

 

Source [https://deltrixchargers.com/about-emobility/charging-modes/] 

  Electric vehicle charging stations have different types of outlets. Used in 

Thailand currently three types. 

1. PLUG NORMAL CHARGER AC TYPE 2 

   Regular charging AC is an electric vehicle charging system, AC TYPE 2. 
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FIGURE  2 PLUG NORMAL CHARGER AC TYPE 2 

 

 

source [https://www.nissan.co.th/experience-nissan/Nissan-EV/EV-charger-

type.html] 

2. PLUG QUICK CHARGER DC CHADEMO  

DC charger electric fast charging for charging electric cars is similar to DC 

CHAdeMo. 

FIGURE  3  PLUG QUICK CHARGER DC CHADEMO 

 

 

source[https://www.nissan.co.th/experience-nissan/Nissan-EV/EV-charger-type.html ] 

3. PLUG QUICK CHARGER DC CCS TYPE2   

 DC charger electric fast charging is a charging electric vehicle for CCS Type 2. 

FIGURE  4  PLUG QUICK CHARGER DC CCS TYPE2 

 

https://www.nissan.co.th/experience-nissan/Nissan-EV/EV-charger-type.html
https://www.nissan.co.th/experience-nissan/Nissan-EV/EV-charger-type.html
https://www.nissan.co.th/experience-nissan/Nissan-EV/EV-charger-type.html
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Source[https://www.nissan.co.th/experience-nissan/Nissan-EV/EV-charger-type.html] 

The charging station may be in one electric charging cabinet. There are three outlets: 

AC type2, Normal charger, DC CHAdeMo, DC CCS Type2, Quick charger. 

FIGURE 5 NORMAL CHARGER ACTYPE2 AND QUICK CHARGER DC CHADEMO, CCS 

TYPE2 

 

 

Source [https://www.pmk.co.th/shop/ev-charger] 

 

FIGURE  6  AC(TYPE2)  DC CHADEMO AND DC CCS(TYPE2) 

 

https://www.nissan.co.th/experience-nissan/Nissan-EV/EV-charger-type.html
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Source [https://www.pmk.co.th/shop/ev-charger] 

 

ELECTRIC VEHICLE CHARGING STATION 3 SCENARIO 

Scenario 1. Normal Charger AC TYPE 2, charger size 22 kWh, number of 6 outlets 

   Conventional EVs charging system AC Charger is an EVs charging AC TYPE 

2, charger size 22 kWh. According to the wall box charger power and size battery, a 

conventional charger takes about 180-240 minutes to charge. It is popular with electric 

vehicles in Thailand, Japan, and European countries. The price will start around 50,000 

– 200,000 baht. 

FIGURE  7  NORMAL CHARGER AC TYPE2, 
 

 

 

Source [https://www.eaanywhere.com/ac] 

Scenario 2. Quick charger type CHAdeMo and DC CCS TYPE 2, DC charger size  50 

kWh, for six outlets. 
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   Fast-charging electric vehicle DC charger is a DC CHAdeMo is charging 

electric vehicle charger size 50 kWh, widely used for Japanese electric vehicles, and a 

DC CCS TYPE 2 charger used in the European, American, and European areas. 

Thailand has much charging power, making it possible to charge quickly. It will take 

about 40-60 minutes to get both images. Prices start from 500,000 -1,000,000 baht. 

FIGURE  8  QUICK CHARGER  DC CHADEMO AND CCS TYPE 2 

 

 

Source [https://chargingshop.eu/product/abb-terra-54-dc-50kw-fast-charging-station/] 

 

Scenario 3. Normal Charger AC TYPE 2, AC charger 22 kWh, six outlets and Quick 

charger type DC CHAdeMo and DC CCS TYPE 2, DC charger 50 kWh number of 6 

outlets, total 12 outlets. 

TRANSFORMER 

The transformer defines alternatives divided into three scenarios. 

  Scenario 1: Transformer size 315 kVa to support the charging station system, 

6 outlets AC TYPE2, 22 kWh, 227,000- 277,000 baht. 

Scenario 2: Transformer 630 kVa to support Quick charger system numbers of 

6 outlets DC CHAdemo and CCS TYPE2 size 50 kWh. The price is about 354,000-

400,000 baht. 

   Scenario 3: Transformer 1000 kVa to support the charging station system 

Normal charger 6 outlets and Quick charger 6 outlets on station numbers of 12 outlets 

AC Type2 charger 22 kWh, DC CHAdemo and DC CCS TYPE2 charger 50 kWh price 

about 455,000-561,000 baht. 

FIGURE  9  TRANSFORMER FOR ELECTRIC VEHICLE CHARGING STATION 

 

https://chargingshop.eu/product/abb-terra-54-dc-50kw-fast-charging-station/
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Source [https://www.7-mars.com/category/18071] 

    Comparison of electric vehicle charging standards. In the use of dynamic 

charging services and electric vehicles on the grid (V2X). Affects the design of the 

electric charging system response time. in the flexibility of charging electric vehicles 

from renewable energy sources. For the buffer capacity required to experiment with 

dynamic charging, Chademo and CCS/COMBO are used. In the presentation for EVs 

sharing the fundamental difference between the two standards.[31] 

  An evaluation between the two charging standards compared. First 

typeInternational Electrotechnical Commission (IEC) Type 1 and Type 2. To combine 

research supporting local application requirements and consideration of technique 

alternatives. The use of the 2 AC and Combo 2 charging systems is the national standard 

for public point electric vehicle charging infrastructure in Singapore in the analysis.[32] 

  The importance of electric propulsion is the use of electric vehicles, electric 

vehicles. The power to drive is mainly from electric motors, drawing power from 

rechargeable energy storage devices. The EV receives electricity plugged into the 

electrical grid and stores it in the battery charge. EV charger It is an electrical device 

that converts alternating current energy into direct current with a controlled system. To 

power the battery storage devices and provide power for the operation of the electric 

vehicle system.[33] 

    Electric propulsion has an impact on the power system combined with power 

quality issues. It is relevant to modify the SONEL PQM-700 Power Quality Analyzer 

to measure and analyze power quality parameters during slow charging of electric 

vehicles.[34] 

  A two-scenario reviewed 5-year and 10-year model. A business study shows a 

10-year fast charging station can result in a high return on investment profit. At the 

same time, investing for only 5 years is too risky to invest.[35] 
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  The use of networks is an important factor in promoting electric vehicles. The 

results are quite substantial with most charging incidents occurring. Distribution of 

information in a few charging stations in the area around the Latvian capital. Including 

electric vehicle charging incidents in all charging stations. In remote electric vehicle 

charging stations, more distribution was observed with the analysis of electric vehicle 

charging behavior of EV users.[36] 

  Equilibrium causes unbalanced elements to occur. Power compensation results 

in a better power factor. The reduction in reactive power and the unbalance as a result 

of power compensation takes into account the sinusoidal current supply method.[37] 

   The use of high power DC chargers (HPC) with battery charging for electric 

vehicles. It is charged while the stationary battery energy storage system. There is an 

integrated system where more quality and efficiency can be built. For eliminating the 

duplication of work in multiple BESS and HPC components used together.[38] 

  In general definitions and standards the electric vehicle charging scheme refers 

to the electric vehicle charging type/mode, plug-in type, power system and 

communication system protocol. The benefit of electric vehicle owners who are 

obsessed with electric vehicles.[39] 

   Model type of EVs charging station, EVs charging method, plug per charging 

mode. Test standards and certifications have been established for safety. The current 

state of domestic standards is related to international standards.[40] 

   The objectives for mapping the needs for a country's infrastructure use the 

information obtained from the latest data. Developed to facilitate the application of the 

resulting directive in alternative energy fuel infrastructure applications. The main 

objective is to use the registration information and technical requirements of the energy 

system supplied by the manufacturer.[41] 

   For different DC charging process, electric charging station from the 

manufacturer, normal use and the occurrence of error cases. are measured and analyzed 

Shows the DC charging station. The manufacturers have to respond to different 

behaviors on and off at different times of the machine.[42] 

In intelligent vehicle to grid charging and electric vehicle charging from 

photovoltaic (PV) panels. No charging required plug and electric vehicle charging 

system on the road. electric smart charging This allows the electric vehicle to be 

recharged and uses renewable energy to increase the cost of charging. It is a good 

utilization of grid infrastructure, bidirectional electric vehicle charger, guided by V2G 

technology electric vehicle can store energy in battery, used for energy arbitrage and 

electric demand management.[43] 

Electric Vehicle Market in India and Supply Situation Equipment and chargers 

for electric vehicles. Various devices are supplied worldwide AC and DC systems. In 
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the proposed economic model setting up shopping mall based electric vehicle charging 

infrastructure in India as per Indian government regulations.[44] 

Batteries can be supplied with plug-in technology from a variety of sources, 

directly connected to the grid system or from the battery. after charging The position 

can be extended in conjunction with the battery. The connection between the battery 

position point and charging has air conditioning and smart switch via grid/battery 

system. separate for every point.[45] 

   The basics of electric vehicles and electric charging are presented here. In the 

three largest electric vehicle market areas, USA, EU and Asia. A study was conducted 

to determine what types of electric vehicles should be sold between 2013 and 2015. The 

market share of the chargers was also examined. Electric chargers available in 3 

markets.[46] 

  The new approach involves charging stations directly connected to medium-

voltage power lines. This eliminates the process of converting multi-stage power 

electronics and low-frequency transformers. In summary, the benefits of the technology 

are used to consider the extremely fast charging rate. It identifies key technological 

gaps in wide acceptance of electric chargers.[47] 

   Visualization of technical design requirements and requirements to be 

considered for electric vehicle charging stations, receptacles and transmission plugs. 

For infrastructure based on Swedish standards for low-voltage installations. For the 

design of the electric charging system and the construction of the charging system 

installation in accordance with European requirements.[48] 

  The developed charging infrastructure for electric vehicles in Poland is expected 

in the coming years. Come to new energy charging points of 6,000 service points 

providing power below 22 kilowatts. The creation of 400 high-power charging points 

provides more than 22 kilowatts of energy.[49] 

   Much research has focused on the development of fast DC chargers. and off-

board Able to quickly recharge electric vehicle batteries. The use of service 

transformers at the charging installation points in existing fast charging architectures 

increases the cost and size of the charging system. This complicates the installation 

process of the system as it connects directly to the medium voltage line.[50] 

  The situation in the automotive industry faces increasing social pressure with 

government regulations to help reduce emissions and develop clean, sustainable 

technologies for PVS applications. Electric vehicle charging technology in the global 

electric vehicle market with the main determinants of the charging point placement 

infrastructure.[51] 
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   Understanding electric vehicle charging technology. In conducting detailed 

research, DC fast chargers using the CHAdeMO protocol. The project included building 

and testing an open source 12kW DC charger using the CHAdeMO protocol to 

understand the technology.[52] 

Analysis of unequal distribution of electric vehicle charging stations in Berlin. 

Various data show more dense access to urban infrastructure networks. Infrastructure 

distribution is unequal but the infrastructure utilization results are relatively equal 

locally.[53] 

The electric vehicle charging infrastructure has evolved. In the UK it is vital to 

deliver very low emissions electric vehicles. It has been converted to a low emissions 

power system in the near term. To principle on the global landscape of electric vehicle 

infrastructure to lead the development of electric vehicles in the UK.[54] 

   Currently, the installation of DC Charging, Combined Charging System or 

CHArge de Move, is the standard for DC charging in Japan. The installation will 

provide a maximum charging power of 50 kW. The launch of the Supercharger of Tesla 

will see an increase in fast charging systems with charging powers above 100 kW.[55] 

   The current battery usage is insufficient for traveling. As a result, electric 

vehicles have to be charged for a short distance of about 150 kilometers. Departure and 

arrival times are scheduled for electric charging services. Therefore, electric cars are 

better suited to city buses than regular cars on schedule.[56] 

Workplace charging locations and public charging locations. Home charging 

and workplace charging systems are designed according to building control regulations. 

Public charging points are inspected according to the rules of general reconstruction 

plans. [57] 

Analysis at the charging mode of each electric charging station. According to 

Spanish regulations and the type of connectors required at each charging station. The 

current electric vehicle's access to charging stations to the charging system points is 

assessed and the development of new strategies for the use of electric charging stations 

is assessed.[58] 

Integer Programming Format for Determining the Number of Charging Stations 

and the Location of the Fast Charger is used in OWECS. The relocation of electric 

vehicles and battery availability presents a time-battery area-level network model that 

tracks the battery level of each electric vehicle. As the number of stations increases, the 

number of relocation variables created will also increase. This renders the model invalid 

for the problem instances encountered in OWECS with reality.[59] 

Characteristics of electric charging station service points and methods of 

charging electric vehicles with AC and DC power. For the impact assessment, the focus 
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is on the flow of active and reactive electrical energy. There is a proportion of the 

harmonics of the current and the effect on the grid voltage imbalance for 

distribution.[60] 

Electric vehicle infrastructure and electric charging are the main growing 

requirements in the electric vehicle market. Current situation with lack of charging 

infrastructure and rising battery prices.It is the main problem in adapting electric 

vehicles. The analysis describes the factors affecting the scaling of EVs. The existing 

charging infrastructure in India has the standard for electric charging. It is a growing 

challenge for electric vehicles, electric charging infrastructure and electric vehicle 

development needs.[61] 

Testing the business model in the market for electric vehicle charging ownership 

and operation of electric vehicle charging infrastructure. This results in limited direct 

investment towards traders resulting in investment incentives in the electric vehicle 

charging infrastructure market in Greece. which operates not economically, focusing 

on sustainability and environmental protection, reducing pollution.[62] 

  Advances in OBC Solutions Integrated electric vehicle powered machinery. 

Talking about OBC techniques Integrated system integration with auxiliary power 

modules of electric vehicles. Wireless charging system models, future charging 

strategies and work on charging infrastructure will be discussed in the  OBC trend 

summary.[63] 

A summary of the strong points of charging stations and the weak aspects of the 

current architecture applied to electric vehicles and charging stations. The lecture on 

technology for batteries focuses on a new mode of transport.[64] 

  Firstly, it defines a new conceptual framework of mobility electric vehicle. 

Second, it reports the importance of diversity to the spatial key differences in fast 

charging arrangements. Both have paid relatively little attention to today, emphasizing 

that it is the basis for determining the ability of an individual to travel long distances 

with an electric vehicle. Third, focusing on the development of charging points is 

mainly limited to large urban areas and strategic road network. In which the current 

policy focuses on strengthening the infrastructure of the electric charging station 

BEV.[65] 

BUSINESS MODEL 

  Competitive business model analysis of electric charging networks in the United 

States, Japan. For mobile services France, Norway. The study emphasizes the 

importance of partnerships between the electric charging network industry to determine 

the value chain. New and ecosystem overview, creating and capturing network value. 

The results provide practical insights for electric vehicle companies. To evaluate an 
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innovative business model of business. Contribution is a process framework for 

designing a business simulation in an ecosystem process.[66] 

   The underlying business models and the evolutionary developments indicate 

that responsible companies and entrepreneurs tend to support business model 

innovation differently. The evolution of business models represents an incremental 

change introducing service-based components. Initially from entrepreneurship in 

product development, over time there seems to be a convergence of business models in 

incumbents and operators delivering low-cost utility vehicles.[67] 

Product development is necessary to compete with companies of high-tech 

industries; the product has a limited life range. For this reason, new products are 

standard in the development industry. At the request of the higher authority of the 

company, they talked about the development of a "mobile" EV charging station, where 

AC and DC EVA already existed in some countries before EV charging station but did 

not even have it in Sweden.[68] 

The industry's business model in the transport network company sets the criteria 

and location for the electric vehicle fleet used for sharing electric vehicles. in the ability 

to charge electric vehicles according to low-income communities. The project 

summarizes the estimated cost of the pilot project, the expected income from the 

investment. The length of time the project provides rebates to the public to incentivize 

the private sector to install electric vehicle charging stations in designated 

locations.[69] 

The existing road construction process to consider the integrated factors, 

including policy issues. Has been adapted to the needs for smart grids directly and 

generally. Not considering the efforts to make a road plan, measurement of expert 

decisions for priority of support. Show the path to overcome obstacles and achieve 

benefits. The use of strategies that are most likely to achieve the specified goals.[70] 

Old business models are not suitable for e-Business. In the first study, proposing 

the IoT E-Business model is a special design. IoT E-Business. Second design, many 

elements with traditional electronic business models. Three words about the 

transactions of intelligent systems and data paid on IoT With the help of trade, P2P. 

There is a promise of blog and smart with comprehensive system design.[71] 

BMI has pushed the marketing industry and cultural boundaries of BMDS. To 

support the expansion of the system through new technology and business model. Make 

it in line with the current regime. There is an attempt to change the regime to propose 

the analysis around the company level. System level to explore specific groups that can 

be recommended to the SR At a specific point of the change period.[72] 
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Two dendrogins developed of technology that have electricity changes and the 

increase of system efficiency, electrical management system and product life cycle. Can 

be used as a guideline for sustainable policies for environmental protection of electric 

vehicles. Which helps electric car manufacturers to adjust the structure of electric 

vehicles.[73] 

BM change results about the hesitation for traditional utilities to fix BM. In 

which each utility of electric power wants to create BM extensions. There is an 

innovation activity in subsidiaries or creating a prototype partner. About BM changes 

Is an overview of the smart energy market of the present for private households. Can 

be used as a starting point for BM innovation of energy utilities.[74] 

  Study focuses on the basis and business mechanisms of RAs of the electric 

market. The first step is to review literature and to make the latest projects that are 

covered with the focation of RAs. In the electric market and the difference from other 

markets RAs business model. The analysis is a system of resources on basic data in 

order to develop marketing strategies and processes in debt.  RAs that exists all over 

the world will be compiled and compared to understand the status of the final 

development.[75] 

The result of inappropriate business model, electric car and supply chain that 

compromise the production of electric vehicles. In the market, it is found that electric 

cars will change the traditional vehicle sales chain. For Distribute electric cars in society 

directly to the sales methods through distributors. As for revenue from maintenance and 

fuel structure, it is still necessary to use a new form. Operations and methods that are 

suitable for electric vehicles.[76] 

For parameters, it depends on the spread of electric hybrid vehicles. In the 

United States and Japan. There are two different network formats. BMS Battery rental 

patterns and procurement of electric vehicle vehicles. In order to analyze the network 

format affects you, the innovation of imitations in the form, resulting in different spread 

results, can search for the appropriate network format. BMS for electric vehicles are 

suitable for market conditions in the area.[77] 

Entrepreneurs are equipped with electricity facilities and electric car 

manufacturers. Focusing on reducing financial burdens and risks in bringing electric 

cars, including purchasing power through hire purchasing and sharing of vehicles. For 

separating electric car maintenance fees and car batteries. In the experience of 

Shenzhen, it is unique that cannot be easily repeated in the government's stable financial 

status. There are two lessons that give interest in other cities around the world. 

Supporting motivation for electric vehicles to avoid narrow driving problems. Second, 

the development of innovative business models has mobilized both public and private 

resources to distribute risks.[78] 
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   Electric vehicles and duties for individual electric cars. There are different and 

custom efficiency in order to manage the electric vehicle, the grid system that will be 

inspected. The future development of the electric vehicle is connected to independent 

driving and the movement combined with the results of the integration of the electric 

vehicle network of the future. For the benefit of the development of electric internet 

systems in the future. Increase the challenge of future development of electric vehicles. 

The infrastructure of the grid system to facilitate the electric vehicle system.[79] 

  The framework of the integrated decision, assessing the ability to make profit 

in a participatory business. The use of forms of efficiency, multidisciplinary work 

processes that include marketing and operations. Show education and electric car 

battery design. There is a network of Fast-CS position directly DC. In Michigan City, 

the expected profits can stimulate both government and private sectors.[80] 

   Current cost level details of electric vehicle charging for electric charging 

machines in the United States. Purchase and installation of charging and electric prices 

will be determined. The real tax rate of the country at $ 0.15/kwh of the electric 

vehicle, battery and $ 0.14/kwh of the hybrid electric vehicle.The cost varies greatly 

for the nature of charging and the cost of electric vehicle charging equipment.[81] 

   A review of business model guidelines for categorizing innovations in the 

electric vehicle ecosystem. To study various types of Tesla Motors 1. Electric vehicle 

development innovation 2. Battery development innovation (3) Electric vehicle 

charging system development innovation 4 . Innovation development into the 

ecosystem for electric vehicle.[82] 

   The innovative business model of the electric charging station is better, offering 

transportation services to consumers through multiple miles to apply for membership. 

Which has the cost of electric vehicles that have received subsidies from the position 

of the project. Entering partners with electric car manufacturers, battery manufacturers 

and renewable energy manufacturers, renewable energy sources. To increase the energy 

of the electric charging station everywhere, it is better. Better place to try to eliminate 

the indirect greenhouse gas emissions of electric vehicles.[83] 

  The awareness of the responsible parties for the main and secondary business 

models of V2G. The type of stakeholder has a sense of twelve types and the relevant 

electric vehicle business. Electric automotive manufacturers, battery manufacturers, 

electric vehicles. Electric power supplier, service providers, transmission systems and 

distribution systems, electric vehicles. Service provider groups, public transport service 

providers in second hand and secondary markets.[84] 

  Platform business model that offers the potential of electric energy storage 

management services. For appropriateness, dynamic energy supply and demand can be 

matched in response to the flexibility of user interests through the grid. The Horizon 
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2020 INVADE project has built a cloud-based platform to facilitate energy storage 

services. Distribution grid system with multiple workflow frameworks for innovative 

business models.[85] 

   Basically to describe how to provide both potential customers and the 

advantages of DSO. The business model is detailed as it has been developed for three 

concepts. Costs, revenues and includes all expenses that may be influenced by 

qualitative or quantitative data from the number of electric vehicles or regulated 

charging.[86] 

Innovative business model with the use of electric vehicles and using renewable 

energy from renewable energy to treat pollution. The reference to wind energy is 

primarily a mutual advocacy and contribution to policies aimed at saving the 

environment, reducing carbon emissions. In practice, adhering to the theory level, 

summarizes the theory of business models for necessity with a broad perspective on 

value creation. Value capture. To gain a broader understanding of the model for 

achieving social the structure of barriers to organizational development and technical 

innovation is understood to achieve the goal.[87] 

The main aim is to create new intelligent networking features. There are several 

possible business models that vary from developer to developer. It has been assessed 

based on the analytical framework of business model innovation. Conclusion proposes 

to improve the OECD transport model. To integrate into the concept of network 

operator business model.[88] 

   Challenge point about selling electric cars in India. The data was analyzed and 

collected through various sources. Secondary data provides insights and coverage of 

electric vehicles and what is happening around the world and in India.[89] 

  Its main aim is to provide a technological overview with today's modernity and 

to lead the vast informational literary world. A more significant and comprehensive 

comparison is made to the synthesis of insights. A positive review of the future of 

electric vehicles. In road transport, new technologies are used in accordance with 

constantly evolving rules, societies, behaviors and business models. To support the 

transition to convenient and clean transportation solutions effective quality and the 

price is not high for everyone.[90] 

   To replace a zero-gas vehicle electric vehicle. To help reduce environmental 

pollution that forms smog and reduce greenhouse gas emissions. For the protection of 

human health is important. More than a million active EVs are on the road in the US 

market. EVs are a turning point from cost to decline with continued innovation and 

scaling. with the emergence of full use of electricity that is appropriate. Three key 

elements are very important while still being well-correlated: 1. Lower battery costs 2. 

Increased good battery performance 3. Everywhere. [91] 
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  Summary the valuable lessons learned in the Tesla and River simple electric 

vehicle sustainable transport project. Business Model Utilizing State-of-the-Art 

Technology with Commercial Opportunity. Effective for future research in order to be 

able to expand and expand the business. Talks about examining the business model for 

the autonomous electric vehicle industry.[92] 

   There are a number of factors preventing the sale of PEV: 1. Protection from 

local city governments 2. Uncertainty for electric vehicle technology that supports and 

encourages consumers to pay more 3. In investment. Slower charging station 

infrastructure than expected 4. Conservative investment behavior of electric vehicle and 

battery manufacturers for the federal government. This reduces the barriers of foreign 

companies to a slight increase in sales. Policy requirements for incentives and strategies 

related to investments. To overcome the electric vehicle consumer and electric vehicle 

industry in the resistance and lack of electric charging infrastructure of electric vehicle 

charging stations.[93] 

   The policy shows incentives to play an important role in reducing environmental 

emissions and increasing awareness of the development of electric vehicles. The 

important role of government in supporting institutional operators for stimulation and 

supervision. Retirement policies have yielded favorable results with models for 

reducing CO2 emissions and increasing the adoption of electric vehicles compared to 

normal business situations. The main conclusion is that the pattern is directly and 

indirectly beneficial to urban traffic. The use of electric vehicles depends on 

government support.[94] 

The new electric vehicle business model is quite challenging. The study attempts to 

analyze the potential of the electric vehicle market and business strategies. In 

Bangladesh ranks through Strengths, Weaknesses, Opportunities, Threats and Threats 

Analysis. in an analytical hierarchical process to analyze various strategies Possible 

guiding solutions prove sensitivity analysis.[95] 

 Operate electric vehicle charging to service users of electric vehicle charging 

stations for residential homes, convenience stores, and department stores. Charging 

station cost guidelines were taken for the cost analysis study of electric vehicle charging 

stations from various research agencies. Individual electric vehicle charging stations, a 

development model developed to determine the problem, was used to maximize the 

overall number of accurate plug-in electric vehicles. According to the situation, 

different electric vehicle charging cases are considered; low electricity consumption 

rates make electricity bills higher, especially the small number of electric cars. 

However, costs will drop sharply as utilization increases for high-utilization charging 

stations.They choose rates with on-demand charging stations. Compared to unwanted 

rates for cost savings based on available rates. to charge during peak hours and the 

wattage of the station with a variety of plugs to find a cost-effective way for the 
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availability of fast charging infrastructure in public places. The study did not compare 

the cost of ownership in more than two EVs markets or analyzes of historical electric 

vehicle costs. This research provides a more comprehensive estimate of the total cost 

of ownership of electric vehicle, plug in hybrid and hybrid. 

 Charging station system electric vehicle calculation research overview, study 

electric vehicle charging station mode and safety. Currently, there is an electric vehicle 

charging mode. The comparison of charging standards in different charging 

applications influences the design of the response time charging system. The charging 

flexibility from renewable energy sources, experimental results of compatible electric 

vehicle charging. The fundamental show differences between the two standards with a 

comparative assessment. A power quality analyzer is used to measure and analyze 

power quality parameters during slow charging. A high return on investment results in 

different DC charging processes being measured and analyzed to determine how other 

manufacturers' DC charging stations react differently to switch-off behavior or 

shutdown times. Smart charging station of electric vehicles is expected to allow greater 

penetration of electric vehicles and renewables. Reduce charging costs and provide 

better utilization of grid infrastructure. Electric vehicle market situation and EV supply 

equipment and globally available chargers (for both AC and DC) economic models are 

proposed for EV charging infrastructure setups. 

The business model analyzes competing business models for electric charging 

networks, the importance of cross-industry partnerships in configuring new value 

chains, and the ecosystem perspective on creating and capturing value, using actionable 

insights for EVs company to evaluate innovative business models. The business model 

has evolved to show a series of more favorable changes that introduce a component to 

the service. In a product development business model, it is necessary to compete with 

companies in the high-tech industry. The expected income from investments and a 

proposed public rebate program incentivize the private sector to install electric vehicle 

charging stations. 
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 27 

 

 

ENERGY MODEL 

        This electric vehicle charging station study aims to understand the scenario of 

electric vehicle charging stations that use different services in need of speed and 

convenient service using three design features. 

          Scenario1 Design a normal charging station using an electric vehicle charging 

station. The charging time is relatively slow, approximately 180-240 minutes. 

          Scenario2  Design an electric charging station with a Quick charging station that 

takes about 40-60 minutes for fast charging. 

          Scenario3  There are two types of electric vehicle charging stations, Normal 

charging stations and Quick charging stations, which combine both types of electric 

vehicle charging stations to serve both fast and slow customers. To compare the cost of 

EVs charging stations from the Design of 3 types of EVs charging stations. 

Scenario 1: Design a normal charging station component to analyze the equipment used 

to calculate the cost of charging stations per station. There are 6 outlets of AC 22 kW 

chargers in each charger. 

Scenario 1 = Electric Vehicles Cost Normal Charger                                        …(1)     

Nomenclature

Scenario 1 = Normal Charger 6 outlets FC                     =  Fixed cost

Scenario 2 = Quick Charger 6 outlets P                       =  Price 

Scenario 3 = Large charger Normal and Quick 12 outlets VC                    =  Variable cost

 = Normal Charger 1-6 outlets I                        =  Investment cash outflow

 = Insurance Electric C                       =  Cash inflow 

     = Fee Electric r                        =  rate interest

 = Electric charge t                        =  period 

 = Power transformer

 = Other expense 30%

 = Quick Charger 1-6 outlets Investment  = Cash flow investment

 = Insurance Electric Profit              = Income 

             = Fee Electric

            = Electric charge BEP                 = Break even point

 = Power transformer NPV                = Net Present Value (NPV)

 = Other expense 30% IRR                  =  Internal Rate of Return 

PB                   =  Payback Period

  = Electric Vehicles Normal Charging on Time

 = Battery of Elextric Vehicles AC (1=n)

 = Electric Vehicles Normal Charging Head Size  AC22

 = Electric Vehicles  Quick Charging on Time

 = Battery of Electric Vehicles DC (1=n)

 = Electric Vehicles Quick Charging Head Size DC50
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𝑁𝐶𝐴 22(1=𝑛) = Normal Charger 1-6 outlets  

𝑖𝑛𝑠𝑢𝑟𝐴 22 = Insurance Electric  

𝑓  𝐴 22           = Fee Electric 

  𝐴 22            = Electric Charge 

𝑝𝑡𝐴 22             = Power transformer 

𝑜𝑡ℎ 𝑟𝐴 22 = Other express 30% 

 

Scenario 2: Design a quick charging station component to analyze the equipment used 

to calculate the cost of charging stations per station. Each item has 6 outlets of DC 50 

kW chargers. 

Scenario 2 = Electric Vehicles Cost Quick Charger                                           …(2)      

 

𝐷𝐶    (1=𝑛) = Quick Charger 1-6 outlets  

𝑖𝑛𝑠𝑢𝑟     = Insurance Electric  

𝑓                 = Fee Electric 

                  = Electric Charge 

𝑝𝑡                 = Power transformer 

𝑜𝑡ℎ 𝑟     = Other express 30% 

Scenario 3: Design the normal charging station components. Each charger has 6 outlets 

of AC 22kW and Quick charging stations. Each item has a DC 50kW of 6 outlets to 

analyze the equipment used to calculate the cost of the next charging station. The station 

has 12 outlets. 

Scenario 3 = Large charger Normal and Quick 12 outlets                                …(3)       

1= [Scenario 1 + Scenario 2] 

FIGURE  10  ELECTRIC VEHICLE CHARGING FLOWS CHART 
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1. EV Charger for the car park at Department store, Restaurant and Residential   

- Normal Charging station 

Scenario 1 = Normal Charger  6 outlets  

  There is no need to rush when charging for customers with regular electric 

vehicle charging; there are 6 outlets. Pay for customers who use the parking area 

residential condominium, department store, and restaurant. 

 

 

 

 

 

- AC Destination  22 kW 32A 

𝐸𝑉𝑁𝐶𝐴 =
𝐵𝐸𝑉𝐴 (1=𝑛) ℎ

𝐸𝑉𝑁𝐶𝐴 22
 

 

scenario1 scenario2 scenario3

smart grid
smart grid

transformerstransformers

quick charger

normal charger

quick charger

electric vehicles
electric vehicles

smart grid

transformers

normal charger

electric vehicles
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𝐸𝑉𝑁𝐶𝐴      = Electric Vehicles Normal Charging on Time 

𝐵𝐸𝑉𝐴 (1=𝑛)= Battery of Electric Vehicles AC (1=n) 

𝐸𝑉𝑁𝐶𝐴 22  = Electric Vehicles Normal Charging Head Size  AC22 

 

2. EV Charger for the car park at the Convenience store, Coffee cafe and Oil 

station  

- Quick charging station 

Scenario 2 = Quick Charger 6 outlets 

  For customers who need to recharge their electric vehicle in a hurry and take 

less time, there are charger 6 outlets. Electric vehicle charging points are available to 

customers who use convenience stores and gas stations. 

 

- DC Quick charger  50kW 100A 

 

𝐸𝑉𝑄𝐶  =
𝐵𝐸𝑉  (1=𝑛) ℎ

𝐸𝑉𝑄𝐶    
 

 

𝐸𝑉𝑄𝐶       = Electric Vehicles Quick Charging on Time 

𝐵𝐸𝑉  (1=𝑛)= Battery of Electric Vehicles DC (1=n) 

𝐸𝑉𝑄𝐶      = Electric Vehicles Quick Charging Head Size DC50 

 

3. EV Charger for the car park at the Department store  and Oil station  

- Normal Charging station and Quick charging station 

Scenario 3 = Large charger Normal and Quick 12 outlets 

  To support customers who use regular and express services in EVs charging 

services. An EVs charging station with a large service point is installed in the current 

oil station or electric vehicle parking station with various vehicles. The charging 

station will need more facilities such as coffee shops, restaurants, souvenir shops, 

clothing stores, and convenience stores. 

 

Scenario 3 = AC Destination  22 kW 32A + DC Quick charger  50kW 100A 
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BUSINESS MODEL  

  Electric vehicles are currently being developed to use energy-saving electric 

vehicles in the transportation sector. They do not cause pollution to the environment 

from petroleum fuels, causing much pollution. Therefore need to change 

environmentally friendly fuels. Such as using electric vehicles as pure energy without 

pollution to the environment or a vehicle called EV (Electric Vehicle). This study is 

about the cost analysis, breakeven point, net present value, internal rate of return, and 

payback period. 

Conclusion: There are cost-effective electric vehicles that use modern 

technology, suitable for investment in electric vehicle charging stations to replace fuel 

stations using current services. Including the analysis of the model of the charging 

station business for investment in EVs charging stations. 

 

1. BREAK-EVEN POINT  (BEP) 

To be used to evaluate the breakeven point at the position of the amount of 

income equal to the cost of investment Therefore no profit or loss in the business. The 

formula used for BEP analysis consists of Price, Fixed cost, Variable cost. The basic 

unit formula calculates BEP, the amount of investment required to achieve a breakeven 

point in this study. For using the equation (1) 

𝐵𝐸𝑃 =  
𝐹 

𝑃−𝑉 
                                 ..(4) 

FC   =  Fixed cost 

P     =  Price  

VC  =  Variable cost 

 

  In calculating BEP, the investment project period is 10 years, divided into 3 

analysis stations Scenario1 service, breakeven point calculation results 118.23 months 

or 9.85 years. Scenario2 is the calculation of breakeven point 59.79 months or 4.98 

years. Scenario3 is the calculation of breakeven point 52.53 months or 4.38 years. 

Based on the BEP analysis, Scenario3 breakeven point is the shortest investment point 

and the fastest return on investment in all 3 Scenarios. 
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2. NET PRESENT VALUE (NPV) 

  NPV is used to calculate net cash flow comparing electric vehicle charging 

stations. In each charging station investment, the charging stations throughout the life 

of the acquisition are equal by using the NPV equation. The present value of the net 

benefit is an investment assessment, generating profits for each net cash situation. The 

charging station received is the present value. NPV is a value variable. That shows the 

profitability of electric vehicle charging stations. 

 

NPV > 0 : Investment projects are suitable for investment 

NPV < 0 : The project is not eligible for investment. 

NPV = 0: Investment project can provide the best investment and use the equation 5 

𝑁𝑃𝑉 = −𝐼 + ∑
𝑐𝑖

(1+𝑟)𝑖
𝑇
𝑖=1                                           ..(5) 

I    =  Investment cash outflow 

C   =  Cash inflow  

r    =  Rate interest 

t    =  Period  

 

  To get an investment project that provides the best investment possible from the 

NPV calculation. From the NPV investment analysis, the investment project is for 10 

years. I is the cash out for investment, C is the cash inflow, r is the interest rate to be 

received, t is the investment period. 

 

3. INTERNAL RATE OF RETURN (IRR) 

IRR is the projected interest rate as the project profit margin for that 

investment. 

NPV = 0, and IRR represents the actual rate ate of return of the project. Analysis 

using equation 6 

0 =  −𝐼 + ∑
𝑐𝑖

(1+𝐼𝑅𝑅)𝑖
𝑇
𝑖=1                                                          ..(6) 

I        =  Investment 

C       =  Cash flow  
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IRR   =  Internal Rate of Return  

t        =  Period  

  IRR Investment Project Analysis Results for 10 years Scenario1 with a return 

rate of  0.27% Scenario2 with a return rate of 15.19% Scenario3 with a return rate of 

18.75% Scenario3 Project Suitable for Investment. 

 

4. PAYBACK PERIOD (PB) 

  PB Payback period is a year or month based on when cash flows from 

investment projects can be profitable. Cash flow paid from net investment at the 

beginning of the project. Because the project has an investment model in the first year 

to receive returns every year, considering the number of years to receive a return worth 

the investment. Risky projects require a payback period of more than five years. 

Analysis using equation 7 

𝑃𝑎𝑦𝑏𝑎𝑘 𝑝 𝑟𝑖𝑜𝑑 =  
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 

𝑃𝑟𝑜𝑓𝑖𝑡
                                            ..(7) 

Investment  =  Cash flow investment 

Profit           =  Income  

  PB investment project analysis results in 10-year duration Scenario1 is with 

return Payback period 9.85 years Scenario2 with return Payback period 4.98 years 

Scenario3 with return Payback period 4.38 years. Scenario3 Project Suitable for 

investment. 

  Assumption of business model electric vehicle charging station was designed in 

3 Scenarios to analyze costs and equipment investment, installing electric vehicle 

stations brings the information to consider BEP NPV IRR and PB. 

 

THE METHODOLOGY ASSIGN VARIABLE CHARGING STATION 

 

           Scenario1 Normal charging station, customized design 6 outlets, AC size 22 kw, 

ABB brand, price about 990,000 baht, calculated power transformer size 315 kVA, 

price about 227,910 baht, electric insurance price 126,000 baht, com fee price 1,260 

baht, electric charge price 10,000 baht, other expense price 68,373 baht and total 

1,423,543 baht. 

 

           Scenario2 Quick charging station, customized design 6 outlets, DC size 50 kw, 

SETEC brand, price about 3,060,000 baht, calculated power transformer size 630 kVA, 

priced about 354,063 baht, electric insurance price 252,000 baht, com fee price 2,520 

baht, electric charge price 10,000 baht and other expense price 106,218.90 baht total 

3,784,801.90 baht. 
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          Scenario3 Normal charging Design 6 outlets and Quick charging Design 6 outlets 

total 12 outlets available in both AC 22 kw Brand ABB and DC size 50 kw Brand 

SETEC total price approximately 4,050,000 baht calculated Power transformer size 

1000 kVA price approximately 455,606 baht ,Electric insurance price 400,000 baht, 

com Fee price 4,000 baht, Electric charge price 10,000 baht and Other expense price 

136,681.80 baht total 5,056,287.80 baht. 

 

[Data ABB is taken from www.pmk.co.th/shop/ev-charger, SETEC data is taken from 

www.alibaba.com//trade/search, Transformer data is taken from 

http://transformae.wordpress.com, electric data insurance, com fee, electric charge 

taken from www.pea.co.th and other expense 30% set-up cost according to transformer 

price ] data year 2019 

 

 

THE METHODOLOGY ASSIGN VARIABLE INCOME AND EXPENSE 

 

         Scenario1 Income Normal charging station 6 outlets charging schedule 10 hours 

@ 50 baht income 90,000 bant/month. Expense electricity based on the number of 

electricity units multiplied by the unit price multiplied by the number of hours  

60,492.59 baht, Salary 15,000 baht and Rent place 18,000 baht total expense 93,492.59 

baht, profit before tax -3,492.59 baht/month. 

 

         Scenario2 Income Quick charging station 6 outlets charge schedule 10 hours 

units@ 8 baht calculated based on number of electricity units multiplied per unit price 

multiplied by hours paid income 547,200 bant/month. Expense electricity based on 

number of electric units multiplied by unit price times number of hours 325,245.50 

baht, Salary 15,000 baht and rent place 18,000 baht, total expense 358,245.50 baht, 

profit before tax 188,954.50 baht/month.   

 

         Scenario3 Income Normal charging 6 outlets and Quick charging 6 outlets total 

12 outlets 2 types charge schedule 10 hours hour @ 50 baht income 90,000 bant/month 

and charge units@ 8 baht calculated by the number of electricity units multiplied by 

the unit price multiply the number of hours paid income 547,200 bant/month, total 

income 637,200 baht. Expense electricity calculated by the number of electricity units 

multiplied by the unit price multiplied by the number of hours  385,447.71 baht, salary 

30,000 baht and rent place 36,000 baht, total expense 451,447.71 baht, profit before tax 

185,752.29 baht/month.   

Information : From asking the owner of the current gas station, the service time is 10 

hours per day. 

[Expense electricity information taken from www.pea.co.th ] data year 2019 

 
TABLE  2 COST INVESTMENT MODEL EVS CHARGER 
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  Assumption, income cost, and net profit, resulting from investment action, data 

analysis, electric car charging rate takes about 10 hours a day—divided 3 Scenario 

Normal Charger, Quick Charger and Normal + Quick. To calculate the study of the 

opening period, the same is different: the speed of the electric car charging and thinking 

of income according to the electric charge. 

 

TABLE  3 INCOME AND EXPENSES MODEL EVS CHARGER 

 

 
 

  Net profit margin compared to the electric car charging station. Analyze 

expenses compared to income from the investment operation; the electric car charging 

rate takes about 10 hours a day. To calculate the analysis of the same opening period 

differently, the speed of charging electric cars, thinking of income according to the 

charging time, is calculated as a percentage. According to the Normal Charger, Quick 

Charger, and Normal + Quick scenario. 

 

 

TABLE  4 NET PROFIT COMPARE INCOME MODEL EVS CHARGER 

 

 
 

 

  Each analysis of scenario BEP / Month break-even point the shortest period, 

NPV / Bath the highest net value, IRR / Percent the most yield, PB / year the shortest 

duration. 

 

Cost Investment Scenario 1 Scenario 2 Scenario 3 

Model EV Charger Normal 6 Outlets Quick 6 Outlets Normal and Quick 12 Outlets

Cost EV charger station 990,000                  3,060,000            4,050,000                                   

Electric insurance 126,000                  252,000               400,000                                      

Com fee 1,260                      2,520                  4,000                                         

Electric charge 10,000                    10,000                10,000                                       

Power transformer 227,910                  354,063               455,606                                      

Other expenses 68,373                    106,219               136,682                                      

Total 1,423,543.00           3,784,801.90        5,056,287.80                               

Income and Expenses Scenario 1 Scenario 2 Scenario 3 

Model EV Charger Normal 6 Outlets Quick 6 Outlets Normal and Quick 12 Outlets

Time Charger 10 hr.@50 Bth. 10 hr.8 Bth.@kwh 10 hr.@50 Bth.and 8 Bth.@kwh

Income 90,000                    547,200                   637,200                                             

Expenses electric 60,493                    325,245                   385,448                                             

Employee 15,000                    15,000                     30,000                                               

Rent Place 18,000                    18,000                     36,000                                               

Total (3,492.59)                188,954.50               185,752.29                                         

Net profit compare income Scenario 1 Scenario 2 Scenario 3 

Model EV Charger Normal 6 Outlets Quick 6 Outlets Normal and Quick 12 Outlets

Time Charger 10 hr.@50 Bth. 10 hr.8 Bth.@kwh 10 hr.@50 Bth.and 8 Bth.@kwh

Income 100                         100                         100                                                   

Expenses 104                         65                           71                                                     

Net profit -4 35 29
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TABLE  5 ANALYSIS BEP, NPV, IRR AND PB 

 

 
 

Time on charger 

   There are two types of electric vehicle charging stations, normal charge and quick 

charge, which are used to charge electric vehicles using the EV charger cabinet that 

converts AC to DC in the normal charge type, charging via an onboard charger, and quick 

charge, supplying DC directly to the electric vehicle battery. The time it takes to charge 

varies according to the size of the electric charger and battery size kWh electric vehicle. 

                  ..(8)                         

   

B_kWh = Battery kWh for Electric Vehicle 

AC_DC_kW = AC or DC Fast Charging Station kW 

TABLE  6 STUDY EVS BATTERY SIZE FOR TIME ON CHARGER  

 

 

A study of EVs charging stations calculates the number of EVs for 10 hours of 

service/charging stations. There will be enough electric cars to break-even point: Net 

present value yield and return period. To analyze 5 Brands of electric cars with different 

battery sizes, selecting the sales of electric cars is relatively high in 2020-2021. The 

number of electric vehicles is more than other electric car models; the MG EV will have 

a Battery size of 44.5 kWh. At the same time, it will enter the battery-size charging 

station, which can charge approximately 80% of the electricity according to the size of 

Battery Scenario1 of 37 EV, Scenario2 of 84 EV, and Scenario3 amount 121 EV. The 

number of electric cars more or less depends on the battery size of each electric vehicle. 

Moreover, the number of electric vehicles currently running. 

 

TABLE  7 CO2 IMPACT DISTANCE PHISANULOK TO KHAO KOH 

Analysis Scenario 1 Scenario 2 Scenario 3

BEP N/A 50,476             98,811             vehicle

NPV N/A 10,147,721       8,640,121        baht

IRR N/A 59.34% 42.84% %

PB N/A 1.67                 2.27                year

Time on charger  = B_kWh

AC_DC_kW

Battery Size Charging % Time Charge / kW Time Charge / kW Scenario1 /outlets Scenario2 /outlets Scenario3 /outlets

BEV kWh 80 22 50 6 6 12

AC / min DC / min EV / Per Day EV / Per Day EV / Per Day

MG 44.5 35.60 97.09 42.72 37 84 121

Tasla 62 49.6 135.27 59.52 27 60 87

Porsche 79 63.2 172.36 75.84 21 47 68

MINI Cooper 32.6 26.08 71.13 31.30 51 115 166

NISSAN 40 32 87.27 38.40 41 94 135
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https://data.go.th/en/dataset/vk2564 

 

          Information of the department of highways for the year 2021, the amount of 

travel by car from Wang Thong District Phitsanulok Province to Khao Kho District 

Phetchabun Province. (Distance of 105 kilometers) starting from Wang Thong - 

ASEAN (Lom Sak) number of cars 12,735 vehicle calculates CO2 emissions according 

to the size of the ICE machine <2000 (car seats no more than 7 people) = 100g/km , 

>=2000 (sitting car more than 7 people) =150 g/km, >light trucks or more = 200g/km. 

Assessment of impacts arising from the conversion of  ICE to EV in the Khao Kho 

tourist area According to the data analysis, CO2 emissions = 974,242.86 g/km. 

Hypothetically having 5% Electric Vehicle (only ICE <2000, >=2000 and light trucks) 

will result in a 2.88% reduction in CO2 or CO2 reduction 28,083.57 ppm/gkm, and if 

the assumption of 10% electric vehicle (only ICE <2000 , >=2000 and light trucks) 

would result in a 5.77% reduction in CO2, or 56,167.14 ppm/gkm of CO2 reduction if 

there was a lot of EV running. how much will cause environmental balance, more fresh 

air. 
 

SENSITIVITY ANALYSIS COST INVESTMENT CHARGING STATION 

 

         Sensitivity Analysis of the electric vehicle charging station investment project. 

To analyze the risks consider the impact of various factors on changes in costs and 

income. The break-even point may be changed, net present value, rate of return and 

payback period. To analyze investment projects and the uncertainty of the current 

economic conditions that affect investment decisions. Therefore, the sensitivity of 

electric vehicle charging station investments must be analyzed. 

 

Scenario1 : In the 10 hour per day analysis, scenario1 has a negative NPV and the IRR 

cannot be calculated, the project is unsuitable for investment and cannot be clearly 

compared. Scenario1 is therefore suitable for an introduction to the use of electric 

vehicle charging stations, which may be free or promotional charging services in an 

environmentally sound area. 

 

TABLE  8 SCENARIO1 ANALYSIS NPV AND IRR 

distance wangthong-keknoi 75 km Year 2564

distance keknoi-Asean 30 km 105km

CO2  = g/km 100 150 200 200 200 200 200 200 200 200

Car <7 person Car >7 person Car small Car Middle Car Big Car 4 wheels Car 6 wheels Car 10 wheels Trailer Semi trailer

wangthong-keknoi 2599 2912 6 4 72 918 197 99 67 47

keknoi-Asean 1899 196 9 11 5 3429 172 34 44 15

4498 3108 15 15 77 4347 369 133 111 62

Total vehicle 12,735                     

wangthong-keknoi 19,492,500            32,760,000       90,000          60,000     1,080,000  13,770,000      2,955,000     1,485,000 1,005,000     705,000     

keknoi-Asean 5,697,000               882,000             54,000          66,000     30,000        20,574,000      1,032,000     204,000    264,000        90,000       

CO2 25,189,500            33,642,000       144,000       126,000   1,110,000  34,344,000      3,987,000     1,689,000 1,269,000     795,000     

CO2=g/105km 102,295,500          EV 5% 2.88 % 28,083.57     ppm 381                 vehicle

g/km 974,242.86            EV10% 5.77 % 56,167.14     ppm 762                 vehicle

1 g=1000ppm 974,242,860          ppm
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Scenario2 : In the 10 hour per day analysis scenario2, with a positive NPV and an IRR 

greater than the cost of financing, it is an investment-friendly project. To make the data 

analysis more realistic, there is a high profit potential. Therefore, a sensitivity analysis 

of the charging service time of 10 hours per day was analyzed. Compared to 9 and 11 

hours of electric charging service time per day. An increase and decrease in the positive 

and negative ratio of investment costs is assumed to increase by 10%, resulting in a 

negative NPV of 3.73%, a negative IRR of 5.62%. If a decrease in investment costs by 

10% results in an increase in NPV of 3.73%, an IRR of 6.81%. Make it known that the 

increase or decrease in investment costs affects NPV and IRR. The charge price 

increases by 10%, causing NPV plus 39.76%, IRR plus 17.66%. If the charge price 

decreases by 10%, NPV decreases to negative 39.76%, IRR decreases to negative 

18.13%. Makes me know if the price drop has a high impact on the NPV and IRR 

values. Electricity charge increases by 10%, causing NPV to be negative 23.64%, IRR 

negative to 10.69%. If charging electricity bill decreases by 10%, NPV is positive 

23.64%, IRR is positive 10.53%. It lets you know if your electricity bill increases. Can 

have a negative impact on NPV and IRR. A 10% increase in Ft negative leads to 0.02% 

NPV positive, 0.01% positive IRR. A 10% decrease in Ft charge raises 0.02% NPV 

negative, 0.01% positive IRR. But if Ft is positive then NPV and IRR are opposite, so 

we know if Ft has negative effect on NPV and IRR. Scenario2 Based on a comparative 

analysis of the increase in the price of charging fees and the decrease in the cost of 

electricity. Compared to 9 and 11 hours of charging time, they have higher NPV and 

IRR values. 

 

 

TABLE  9 SCENARIO2 ANALYSIS NPV AND IRR 

 

 
 

Scenario3  : In the 10 hour per day analysis scenario3, with positive NPV and IRR 

greater than the cost of financing, it is an investment-friendly project. To make the data 

analysis more realistic, there is a high profit potential. Therefore, a sensitivity analysis 

of the charging service time of 10 hours per day was analyzed. Compared to 9 and 11 

hours of electric charging service time per day. An increase and decrease in the positive 

and negative rate of investment costs is assumed to increase by 10%, resulting in a 

negative NPV of 5.85%, a negative IRR of 4.30%. If a decrease in investment costs by 

10% results in an increase in NPV of 5.85%, an IRR of 5.17% is assumed. Make it 

known that the increase or decrease in investment costs affects NPV and IRR. The 

Analysis 9 Hr 11 Hr

10% -10% 10% -10% 10% -10% 10% -10%

NPV 8.47% -8.47% -39.48% 39.48% 26.43% -26.43% -0.03% 0.03% 13.07% -13.07%

IRR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Investment Cost Price Expense Electricity Ft

Analysis 9 Hr 11 Hr

10% -10% 10% -10% 10% -10% 10% -10%

NPV -3.73% 3.73% 39.76% -39.76% -23.64% 23.64% 0.02% -0.02% -16.15% 16.15%

IRR -5.62% 6.81% 17.66% -18.13% -10.69% 10.53% 0.01% -0.01% -7.28% 7.21%

Investment Cost Price Expense Electricity Ft
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charge price increases by 10%, causing the NPV value to increase by 54.38%. The IRR 

value increases by 15.78%. If the charge price decreases by 10%, the NPV value 

decreases by negative 54.38%. The IRR value decreases to negative 16.72%. reduce. It 

has a high impact on NPV and IRR. Electricity charge increases by 10%, resulting in 

negative NPV of 32.90%, negative IRR of 9.94%. If charge of charge of electricity 

decreases by 10%, NPV is positive 32.90%, IRR is positive 9.61%. This lets you know 

if your electric bill increases. Can have a negative impact on NPV and IRR. If Ft is 

negative, a 10% increase makes NPV positive 0.03%. IRR is positive 0.01%. If Ft 

charge decreases 10%, NPV is negative 0.03%, IRR is 0.01% positive. Adding NPV 

and IRR is opposite each other, so we know if Ft has a negative effect on NPV and IRR. 

 

TABLE  10 SCENARIO3 ANALYSIS NPV AND IRR 

 

 
 

Summary : The sensitivity analysis increases and decreases in investment cost, service 

cost, electricity cost and ft. charging time of 9 and 11 hours. Start the hypothesis and 

analysis of Scenario 1, 2 and 3. The results of the analysis are as follows. Scenario2 is 

the first model Business Model electric vehicle charging station interested in 

investment, value for money and return on ownership of the business. Scenario3 is 

second only to Scenario2 with Business Model electric vehicle charging station, 

interested in investment, value for money and good return. Scenario1 is an investment-

friendly disregard as the NPV is negative and the IRR cannot be calculated and 

therefore does not support investment. But if it is a secondary promotion electric vehicle 

in order to lay the basis for using electric vehicle for customers interested in receiving 

electric vehicle charging station service, Scenario1 is recommended. Due to low 

investment cost, not for profit focus is to help society, reduce pollution, protect the 

environment. The limitation of electric vehicle charging station equipment is still a new 

market, must be imported from abroad, may be one of the factors that cause high 

investment costs, thus affecting NPV and IRR. 
 

 

 

 

 

TABLE  11  BUSINESS MODEL CANVAS 

 

Analysis 9 Hr 11 Hr

10% -10% 10% -10% 10% -10% 10% -10%

NPV -5.85% 5.85% 54.38% -54.38% -32.90% 32.90% 0.03% -0.03% -21.51% 21.51%

IRR -4.30% 5.17% 15.78% -16.72% -9.94% 9.61% 0.01% -0.01% -6.44% 6.31%

Investment Cost Price Expense Electricity Ft
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CHAPTER IV 

 

RESULT OF RESEARCH 

 

KEY PARTNERS KEY ACTIVITIES VALUE PROPOSITONS CUSTOMER RELATIONSHIPS CUSTOMER SEGMENTS

MEA Central Service Charger Station Quality and Standard Call center Electric Vehicle  Users

PEA BigC Research and Development Price standard and Security Discounts Referral to Member Tourist and Travel

EGAT Lotus Software Development Open 24 hours Maps charging station and Company Employee

Bank FamilyMart Maintenance and Building Convenience location Location Government Officer

PTT .7-11 of Charging station Enviromentaly Domectic

PT Coffee Café Design Charging station Service  Normal charger APP Order Time

Bangchak Restaurant Electric Vehicle  charging on Residential, 

Esso GWM KEY RESOURCES Hotel and Deparment store CHANNELS

Shell MG

BMW Raw materrial Service  Quick charger APP charging station

Reputation Electric Vehicle charging on Oil station, Website of charging station

Capital Convenience store and Restaurant Line  

Crew facebook

Tools Telephone

Google Maps

COST STRUCTURE REVENUE STREAMS

Cost Electric Employee salary Rent Station Income Charging Electric Vehicle

Cost Charging Station Product cost Raw material cost Advertising Revenue

Cost System Electric Taxes
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  The analysis results are divided into scenarios to analyze each detail of the cost 

to the net worth, the rate of return, and payback period For investment, electric vehicle 

charging stations. 

 

TABLE  12  BREAKEVEN POINT  (BEP) 

 

 

  In calculating the BEP from the comparative analysis of situations 1, 2, and 3 

of the investment, have a breakeven point suitable for the return of the investment. 

Situation2 requires a minor investment to meet the breakeven point requirements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE  13 NET PRESENT VALUE  (NPV) 
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  The NPV analysis for scenarios 1, 2, and 3 of the investment provides the fastest 

and best current cash value, namely Investment scenario2, while scenario 1 provides 

the lowest current cash value. 

 

TABLE  14  INTERNAL RATE OF RETURN (IRR) 

 

 

 
 

 

  IRR analysis in investment scenarios 1, 2, and 3 provides the best return rate. 

Investment scenario 2, while scenario1 provides the lowest return, < 0.0%. The return 

is the fastest and higher than scenario2, and scenario1 gives the least return. 
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TABLE  15 PAYBACK PERIOD (PB) 

 

 

  PB analysis in investment scenarios 1, 2, and 3 provides the fastest and best 

payback period. Investment scenario 2 has a better payback period than scenario 3, and 

scenario 1 uses the payback period the most. 

Expenses cost electric vehicle charging station. The analysis is calculated as a 

percentage of the total cost of each item of EVs charging station equipment costs. 

The graph shows that the EVs charging station has the highest cost in the 

expenditure category, electric insurance, electric charge, power transformer, etc. 

 

 

 

 

 

 

 

 

TABLE  16  SCENARIO1 EXPENSES COST EVS CHARGING STATION 

 



 44 

 
 

 

 

 

 

TABLE  17 SCENARIO2 EXPENSES COST EVS CHARGING STATION 

 

 
 

 

 

 

 

 

 

TABLE  18 SCENARIO3 EXPENSES COST EVS CHARGING STATION 
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SWOT ANALYSIS  

 To run a successful business, a SWOT analysis requires a three scenario 

SWOT Analysis table for the company. 

 

TABLE  19  SWOT FOR CHARGING STATION SYSTEM 
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TABLE  20  SWOT FOR SERVICE AND BUSINESS MODEL 
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TABLE  21  SWOT FOR INVESTMENT FINANCE COST 
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FIVE FORCES 

 

Five Forces Analysis to compare charging stations three scenarios In a five-

item analysis, each business has different management characteristics: new entrants, 

substitutes, buyers, suppliers, and competitors. 

 

TABLE  22  FIVE FORCES FOR EVS CHARGING STATION 

 

 
 

 

An
al

ys
is

Sc
en

ar
io

 1
Sc

en
ar

io
 2

Sc
en

ar
io

 3

N
ew

 en
tra

nts
hig

h
low

low

M
an

y c
om

pe
tito

rs 
ar

e e
as

y t
o 

ge
t in

 an
d 

re
qu

ire
Th

er
e a

re
 fe

w 
co

mp
eti

to
rs 

wh
o 

co
me

 in
to

 
Co

mp
eti

to
rs 

ar
e h

ar
d 

to
 co

me
 b

y a
s t

he
y r

eq
uir

e l
ar

ge

low
 in

ve
stm

en
t.

thi
s b

us
ine

ss
 b

ec
au

se
 th

ey
 re

qu
ire

 q
uit

e
inv

es
tm

en
ts 

an
d 

ha
ve

 a 
lar

ge
 va

rie
ty 

of
 co

nv
en

ien
ce

 st
or

es
.

 a 
lot

 o
f in

ve
stm

en
t.

Su
bs

titu
tes

hig
h

low
low

Cu
sto

me
rs 

ca
n b

uy
 an

d 
ins

tal
l b

y t
he

ms
elv

es
 at

 ho
me

Th
e i

ns
tal

lat
ion

 is
 d

iffi
cu

lt, 
re

qu
ire

s 
In

sta
lla

tio
n m

us
t b

e c
on

tro
lle

d 
an

d 
su

pe
rv

ise
d 

by
 ex

pe
rts

.

sa
ve

 co
st

sp
ec

ial
ist

 su
pe

rv
isi

on
 an

d 
the

 co
st 

of
In

sta
llin

g a
n e

lec
tri

c c
ha

rg
ing

 st
ati

on

PH
EV

 el
ec

tri
c v

eh
icl

es
 ca

n b
e u

se
d 

wi
th 

ga
s s

tat
ion

 in
sta

llin
g t

he
 sy

ste
m 

an
d 

the
 ch

ar
ge

r 

is 
hig

h.

Bu
ye

rs
low

hig
h

hig
h

Th
er

e a
re

 q
uit

e a
 lo

t o
f c

us
to

me
rs,

 th
e c

os
t is

 ch
ea

p.
M

an
y c

us
to

me
rs 

de
ma

nd
 hi

gh
-c

os
t 

M
an

y c
us

to
me

rs 
wa

nt 
fas

t b
ut 

ex
pe

ns
ive

 ch
ar

ge
rs 

fo
r t

he

Ch
ar

gin
g t

im
e t

ak
es

 a 
lon

g t
im

e.
fas

t c
ha

rg
er

s a
s l

on
g-

ter
m 

ch
ar

gin
g t

im
es

 co
nv

en
ien

ce
 an

d 
ne

ce
ss

ity
 fo

r l
on

g-
dis

tan
ce

 tr
av

ell
ing

.

Cu
sto

me
rs 

wi
ll c

ha
rg

e t
he

ir 
ow

n e
lec

tri
cit

y b
efo

re
 ar

e r
eq

uir
ed

 o
n i

nte
rc

ity
 hi

gh
wa

y r
oa

ds
.

 le
av

ing
 th

e h
ou

se
.

Su
pp

lie
rs

mi
dd

le
low

low

Th
e n

um
be

r o
f s

ell
er

s i
s s

ma
ll a

nd
 th

ey
 ar

e i
mp

or
ted

Th
er

e a
re

 a 
sm

all
 nu

mb
er

 o
f s

ell
er

s a
nd

Th
er

e a
re

 a 
sm

all
 nu

mb
er

 o
f s

ell
er

s a
nd

 fr
om

 ab
ro

ad
. H

igh
 p

ric
e a

nd
 co

st 
bu

t e
as

y t
o 

ins
tal

l.
im

po
rte

d 
fro

m 
ab

ro
ad

 m
us

t h
av

e 
im

po
rte

d 
fro

m 
ab

ro
ad

 m
us

t h
av

e 

an
 ex

pe
rt 

en
gin

ee
r t

o 
su

pe
rv

ise
.

an
 ex

pe
rt 

en
gin

ee
r t

o 
su

pe
rv

ise
.

Co
mp

eti
to

rs
hig

h
low

low

Th
er

e i
s a

 lo
t o

f c
om

pe
titi

on
 as

 it 
is 

ve
ry

 af
fo

rd
ab

le,
Th

er
e i

s l
ittl

e c
om

pe
titi

on
 d

ue
 to

 th
e 

Th
er

e i
s l

ittl
e c

om
pe

titi
on

 d
ue

 to
 th

e h
igh

 co
st 

of
 

the
re

 is
 q

uit
e a

 lo
t o

f q
ua

lity
 in

sp
ec

tio
n, 

hig
h c

os
t o

f c
ha

rg
ing

 st
ati

on
 eq

uip
me

nt 
ch

ar
gin

g s
tat

ion
 eq

uip
me

nt 
an

d 
the

 ne
ed

 fo
r e

ng
ine

er
s

co
ns

ult
ing

 an
d 

ins
tal

lat
ion

.
an

d 
the

 ne
ed

 fo
r e

ng
ine

er
s t

o 
co

ntr
ol

 to
 co

ntr
ol 

it.

 th
e i

ns
tal

lat
ion

.



 50 

4P OR MARKETING MIX  

Study of an electric vehicle charging station for business success marketing mix 

or 4P is a product, price, place, and promotion. 

   Analyze all four business plans, standard electric charging system, safe, 

reasonable price, located near the community. Moreover, there is a discount on charging 

electricity for three scenarios. 

 

TABLE  23  4P OR MARKETING MIX EVS CHARGING STATION  
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TABLE  24  BUSINESS MODEL CANVAS 
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BUSINESS MODEL CANVAS 

1. Value Propositions 

  Strengths: There is a quality charging system and standardized charging station 

certification from government agencies PEA, MEA, and ERC are open 24 hours a day. 

   At present, the former gas station has a large vacant area. The electric vehicle 

charging station can be rented because it is suitable to install an electric vehicle charging 

station to make it easy for drivers to park and easily recognize them. 

   Because nowadays most drivers still use petrol cars and know about gas stations. 

Two types of chargers will be installed during the first phase, a Normal charger and a 

Quick charger at the petrol stations. 

   The optional add-on will install an electric charging station at Convenience 

stores, and restaurants will use a Quick charger to charge electricity; it takes only 40-

60 minutes to charge, and areas of shopping malls, hotels, and residential 

condominiums. Install an electric charging station with a Normal charger. Charging 

time is not urgent; it takes from 180-240 minutes. 

Scenario1. Normal charger for customers who have a normal electric vehicle 

charging, there is no need to rush for a long time when charging the electric bill. 

Chargers 6 outlets pay for customers who use the service will be installed in the parking 

area condominiums, residences, hotels, and department stores. 

 

FIGURE  11 NORMAL CHARGING STATION AC TYPE2 NUMBER OF 6 OUTLETS 

 

 

Source [https://www.alamy.com/bangkok-thailand-october-22-2020-electric-vehicle-

charger-station-or-ev-charging-station-for-charge-ev-battery-at-basement-floor-car-

parking-lot-o-image384278719.html] 
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Scenario2. Quick chargers are installed in electric vehicle charging stations or 

the current gas station. 

 Convenience stores and restaurants (quick) such as McDonald's or KFC 

charging time will take approximately 40-60 hours. 

 For customer service customers who come to electric vehicle charging stations 

in a hurry, charging time 6 outlets are charging points for customers who use 

convenience stores and oil stations. Electric vehicle charging stations in some countries 

such as Norway are installed like gas stations. 

 

FIGURE  12 QUICK CHARGER DC CHADEMO AND CCS TYPE 2 FOR 6  OUTLETS 

 

 

 

Source [https://ondigitalshop.com/bjorn-nyland-presents-fast-charging-station-of-the-

future/] 

Scenario3. Normal charger 6 outlets and Quick charger 6 outlets are two electric 

vehicle charging stations with large service points. 

 To make customers convenient to choose normal and fast charging installed in 

the current oil station or motorway travel point. There is a spacious area with a variety 

of cars and trains. 

 The charging station area will have additional facilities such as coffee shops, 

restaurants, souvenir shops, clothing stores, and convenience stores to support 

customers who use regular and express services to charge electric vehicles. 

FIGURE  13  NORMAL CHARGER 6 OUTLETS AND QUICK CHARGER 6 OUTLETS 
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Source [https://www.greencarreports.com/news/1128610_electrify-america-finishes-

first-cross-country-fast-charging-route-for-evs ] 

 

2. Customer Segments 

  Customer groups focusing on electric vehicle drivers, tourists, travelers, 

company employees, civil servants, and families can charge with an electric vehicles, 

sedan, or SUV. 

3. Customer Relationships 

Focus on easy accessibility for convenience. There is a call center service. There 

is an App Location and Maps station to easily travel to the charging station. Customers 

who regularly receive service have added value using discounts referrals to member 

service. This electric vehicle charging station is also promoted as an electric charging 

station to protect the environment. 

4. Channels 

  The electric vehicle charging station has an app order time charging service to 

reserve a queue for service. There is a website of charging stations in line, Facebook, 

and google maps. So that customers can receive benefits in a variety of channels, the 

location of the electric vehicle charging station should be on the main road. There is a 

high volume of traffic in the car. 

5. Revenue Streams 

  The electric charging station will have income charging electric vehicles and 

payment from advertising revenue at the electric charging station and the website of the 

charging station. 

 

6. Key Partners 

https://www.greencarreports.com/news/1128610_electrify-america-finishes-first-cross-country-fast-charging-route-for-evs
https://www.greencarreports.com/news/1128610_electrify-america-finishes-first-cross-country-fast-charging-route-for-evs


 55 

  Electric vehicle charging stations are integrated with PEA, MEA, ERC, EGAT, 

BANK, PTT, PT, Bangchak, Esso, Shell, CENTRAL BigC Lotus's, 7-11, FamilyMart, 

Restaurant, and Coffee cafe. 

7. Key Activities 

  Emphasis on comprehensive quality service with research and development. 

Software Development takes care of Maintenance, Building charging station, and 

designing new charging stations. 

8. Key Resources 

  Investments must use personal funds in whole or in part because part of them 

will request a credit line from the bank at 30: 70 or 50:50. 

   For liquidity in investment in expanding the area, there is a service point 

covering the value for customers, suitable for a distance of 50-100 kilometers.  

  Employees have training, knowledge, and experience to understand electric 

vehicles' work systems and charging processes. The equipment is installed at the 

electric vehicle charging station. 

9. Cost Structure 

The cost of electricity is calculated, electric vehicle charging stations, electrical 

infrastructure systems—employee payroll, tax payable, and electric charging station 

rental fee. 
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CHAPTER V 

 

CONCLUSION 

  

  Based on model energy and business model, according to the charging station 

situation model, starting from the analysis. 

   Scenario1 Normal charger 6 outlets is a normal charging system and time. They 

were installed to charge electricity in shopping malls, restaurants, and residential 

condominiums. The cost is low, the price is low, and the payback period is time-

consuming due to the low net profit margin. 

 Scenario 2 Quick charger 6 outlets is a fast-charging station for electric vehicles 

that takes very little time to charge the battery fully. Charging costs are high. High 

investment cost and has a fast payback period Install electric charging points in front 

of convenience stores and the current gas station, 

  Scenario3 is an electric vehicle charging station with a normal charger, 6 outlets, 

and a quick charger, 6 outlets total of 12 outlets, and fast, available within minutes. It 

is installed to take up a large area like the current gas station various service shops such 

as coffee shops, restaurants, souvenir shops, clothing stores, and convenience stores. 

  The analysis in the business model used in the study calculates BEP, a project 

period of 10 years, is divided into 3 scenarios. BEP analysis results of investment 

scenarios 1, 2, and 3 breakeven point, investment scenario2 has the shortest optimal 

investment and the fastest return on investment. IRR analysis in investment scenario2 

provides the best rate of return on profit. Calculation of NPV in investment scenario 3 

gives the most immediate current cash value. 

      In the analysis, the best PB in investment scenario2 has a short payback period. 

The Three Investment Scenario Model Summary: Investment Scenario2 is the 

investment's net present value with the best results, the 10-year IRR investment analysis 

results. Investment Scenario2 is suitable for investment. The results of the analysis of 

the 10-year PB investment project Scenario2 is ideal for investment. 

      The government is policy is to support the production of EVs, reduce taxes, 

establish EVs charging stations and drive investment in the electric vehicle industry. 

The booster will increase the number of EVs or charging stations. This will increase 

the number of EVs and improve charging stations. The rise of electric vehicles and 

charging stations needs to be widely distributed across the country. The payback rate 

will be faster; the investment cost will be lower. However, the growth rate of electric 
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vehicles and electric charging stations is still relatively slow, requiring more 

government stimulation. 

   Solution scenario electric vehicle charging station from scenario normal 

Charger analysis normal charging system to install electric charging stations in 

department stores, restaurants and condominiums, housing, lowest costs, lowest income 

and shortest return period. Scenario Quick Charger is a fast-charging station with a high 

cost. High charge fee And the duration of the fastest cost, installation of electric 

charging stations, convenience stores, and gas stations. Scenario mixed with structure, 

use large areas, current gas stations. There are coffee shops, restaurants, souvenir shops, 

clothing stores, and many convenience stores. The investment must depend on the 

number of  EVs increasing but the number of electric vehicles. If it is by the government 

policy, support electric vehicles in 2030, the number of electric cars increased to 1.20 

million units, suitable for investment. There is still a low growth rate, not ideal for 

investment.  

   SWOT analysis results, the strengths of fast charging stations are still in high 

demand, especially the Segnario 2-3, the number of electric vehicle chargers is small, 

but not very competitive. Weaknesses: The high cost of equipment charging station 

Secnario2-3 will require a specialist to maintain the system. Furthermore, the number 

of electric cars is small, not enough for investment. 

   Five Forces, a normal charge 22 kWh electric vehicle charging station, may 

have many competitors easily accessible. As for the 50 kWh Quick charge, the price is 

relatively high and difficult to compete with. scenario2-3 Customers are demanding fast 

charging because it takes less time. 

  4P or Marketing Mix Characteristics of electric charging stations. The 

inexpensive Scenario1 can be purchased and installed to charge your own home, while 

the expensive Scenario2-3 should be charged at an electric charging station because the 

price is very high. Electricity charging prices are not much different as the government 

sector regulates them. The location of the electric charging station plays a vital role in 

supporting customers to install convenience stores, restaurants, and department stores 

while shopping and discounts on electricity prices, focusing on additional services, 

charging electricity five times, getting one free, or charging electricity with a discount 

coupon for a fresh coffee while riding an electric vehicle. 

   Impact CO2 of using electric cars on tourism routes in Wang Thong District 

Phitsanulok Province to the route Khao Koh District, Phetchabun Province. It was 

assumed that the number of electric vehicles increased by 5% with a reduction in CO2 

emissions of 2.88%, but the assumption of an increase in electric vehicles of 10% had 

a decrease in CO2 emissions of 5.77%. Based on the data, the more EVs run, the greater 

the balance in the clean air environment. 
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   The sensitivity analysis increases and decreases in investment cost, service cost, 

electricity cost and Ft charging time of 9 and 11 hours. The results of the analysis are 

as follows. Scenario2 is the first model Business Model electric vehicle charging station 

interested in investment, value for money and return on ownership of the business. 

Scenario3 is second only to Scenario2 with Business Model electric vehicle charging 

station, interested in investment, value for money and good return. Scenario1 is an 

investment-friendly disregard as the NPV is negative and the IRR cannot be calculated 

and therefore does not support investment. But if it is a secondary promotion electric 

vehicle in order to lay the basis for using electric vehicle for customers interested in 

receiving electric vehicle charging station service, Scenario1 is recommended. Due to 

low investment cost, not for profit focus is to help society, reduce pollution, protect the 

environment. The limitation of electric vehicle charging station equipment is still a new 

market, must be imported from abroad, may be one of the factors that cause high 

investment costs, thus affecting NPV and IRR. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



REFE REN CES 
 

REFERENCES 
 

 

 

 



REFERENCES 
 

1. Wang, Y., et al., Siting and sizing of fast charging stations in highway network 

with budget constraint. Applied Energy, 2018. 228: p. 1255-1271. 

2. Mazzeo, D., Nocturnal electric vehicle charging interacting with a residential 

photovoltaic-battery system: a 3E (energy, economic and environmental) 

analysis. Energy, 2019. 168: p. 310-331. 

3. Muratori, M., E. Kontou, and J. Eichman, Electricity rates for electric vehicle 

direct current fast charging in the United States. Renewable and Sustainable 

Energy Reviews, 2019. 113: p. 109235. 

4. Csiszár, C., et al., Urban public charging station locating method for electric 

vehicles based on land use approach. Journal of Transport Geography, 2019. 

74: p. 173-180. 

5. Fischer, D., et al., Electric vehicles’ impacts on residential electric local 

profiles–A stochastic modelling approach considering socio-economic, 

behavioural and spatial factors. Applied energy, 2019. 233: p. 644-658. 

6. Funke, S.Á., P. Plötz, and M. Wietschel, Invest in fast-charging infrastructure 

or in longer battery ranges? A cost-efficiency comparison for Germany. 

Applied energy, 2019. 235: p. 888-899. 

7. Ou, S., et al., Modeling charging infrastructure impact on the electric vehicle 

market in China. Transportation Research Part D: Transport and Environment, 

2020. 81: p. 102248. 

8. Yang, L. and H. Ribberink, Investigation of the potential to improve DC fast 

charging station economics by integrating photovoltaic power generation 

and/or local battery energy storage system. Energy, 2019. 167: p. 246-259. 

9. Wu, P., Which battery-charging technology and insurance contract is preferred 

in the electric vehicle sharing business? Transportation Research Part A: Policy 

and Practice, 2019. 124: p. 537-548. 

10. Guo, C., et al., Characteristics and effect laws of the large-scale electric 

Vehicle’s charging load. eTransportation, 2020. 3: p. 100049. 

11. Palmer, K., et al., Total cost of ownership and market share for hybrid and 

electric vehicles in the UK, US and Japan. Applied energy, 2018. 209: p. 108-

119. 

12. Letmathe, P. and M. Suares, Understanding the impact that potential driving 

bans on conventional vehicles and the total cost of ownership have on electric 

vehicle choice in Germany. Sustainable Futures, 2020. 2: p. 100018. 

13. Scorrano, M., R. Danielis, and M. Giansoldati, Dissecting the total cost of 

ownership of fully electric cars in Italy: The impact of annual distance travelled, 

home charging and urban driving. Research in Transportation Economics, 

2020. 80: p. 100799. 

14. Figenbaum, E., Perspectives on Norway’s supercharged electric vehicle policy. 

Environmental Innovation and Societal Transitions, 2017. 25: p. 14-34. 

15. Lévay, P.Z., Y. Drossinos, and C. Thiel, The effect of fiscal incentives on market 

penetration of electric vehicles: A pairwise comparison of total cost of 

ownership. Energy Policy, 2017. 105: p. 524-533. 

16. Schulz, F. and J. Rode, Public charging infrastructure and electric vehicles in 

Norway. Energy Policy, 2022. 160: p. 112660. 



 61 

17. Lorentzen, E., et al. Charging infrastructure experiences in Norway-the worlds 

most advanced EV market. in EVS30 Symposium. 2017. 

18. Zhang, Y., et al., The impact of car specifications, prices and incentives for 

battery electric vehicles in Norway: Choices of heterogeneous consumers. 

Transportation Research Part C: Emerging Technologies, 2016. 69: p. 386-401. 

19. Martinsen, T. and H. Elsebutangen, Multi-service charging station and/or 

onshore energy storage at port for electric ferry–A case study from Norway. 

2019. 

20. Ilieva, I. and B. Bremdal, Flexibility-Enhancing Charging Station to Support 

the Integration of Electric Vehicles. World Electric Vehicle Journal, 2021. 

12(2): p. 53. 

21. Kvisle, H.H., The Norwegian charging station database for electromobility 

(NOBIL). World Electric Vehicle Journal, 2012. 5(3): p. 702-707. 

22. Mersky, A.C., et al., Effectiveness of incentives on electric vehicle adoption in 

Norway. Transportation Research Part D: Transport and Environment, 2016. 46: 

p. 56-68. 

23. Brenna, M., et al. The strategies for the diffusion of EVs: Focus on Norway and 

Italy. in 2017 Twelfth International Conference on Ecological Vehicles and 

Renewable Energies (EVER). 2017. IEEE. 

24. Carranza, F., O. Paturet, and S. Salera. Norway, the most successful market for 

electric vehicles. in 2013 World Electric Vehicle Symposium and Exhibition 

(EVS27). 2013. IEEE. 

25. Hannisdahl, O.H., H.V. Malvik, and G.B. Wensaas. The future is electric! The 

EV revolution in Norway—Explanations and lessons learned. in 2013 world 

electric vehicle symposium and exhibition (EVS27). 2013. IEEE. 

26. Künle, E. and C. Minke, Macro-environmental comparative analysis of e-

mobility adoption pathways in France, Germany and Norway. Transport Policy, 

2020. 

27. Henriksen, I.M., et al., Charging of electric vehicles and potential for end user 

flexibility: Case study from Norway. 2021. 

28. Sæle, H. and I. Petersen. Electric vehicles in Norway and the potential for 

demand response. in 2018 53rd International Universities Power Engineering 

Conference (UPEC). 2018. IEEE. 

29. Abuawad, K., Machine Learning Prediction of Power Demand for Electrical 

Vehicle Charging Stations in Norway. 2019. 

30. Harik, E.H.C., Design and Implementation of an Autonomous Charging Station 

for Agricultural Electrical Vehicles. Applied Sciences, 2021. 11(13): p. 6168. 

31. Mouli, G.R.C., et al. Implementation of dynamic charging and V2G using 

Chademo and CCS/Combo DC charging standard. in 2016 IEEE 

Transportation Electrification Conference and Expo (ITEC). 2016. IEEE. 

32. Xue, F. and E. Gwee, Electric vehicle development in singapore and technical 

considerations for charging infrastructure. Energy Procedia, 2017. 143: p. 3-

14. 

33. Dericioglu, C., et al., A review of charging technologies for commercial electric 

vehicles. International Journal of Advances on Automotive and Technology, 

2018. 2(1): p. 61-70. 



 62 

34. Chudy, A. and P.A. Mazurek, Electromobility–the Importance of Power Quality 

and Environmental Sustainability. Journal of Ecological Engineering, 2019. 

20(10). 

35. Hug, V., Business Case for EV Charging on the Motorway Network in 

Denmark, in Electric Vehicle Business Models. 2015, Springer. p. 67-87. 

36. Rubenis, A., A. Laizans, and A. Zvirbule, Latvian Electric Vehicle Fast 

Charging Infrastructure: Results of the First Year of Operation. Environmental 

& Climate Technologies, 2019. 23(2). 

37. Zajkowski, K., Reactive power compensation in a three-phase power supply 

system in an electric vehicle charging station. Journal of Mechanical and 

Energy Engineering, 2018. 2. 

38. Gohla-Neudecker, B. and S. Mohr. Stationary Battery Storage: Presenting a 

Benchmark System with Integrated DC Charger. in 2019 International 

Conference on Clean Electrical Power (ICCEP). 2019. IEEE. 

39. Bahrami, A., EV Charging Definitions, Modes, Levels, Communication 

Protocols and Applied Standards. Research Gate, 2020. 

40. Kumar K, J., S. Kumar, and N. VS, Standards for electric vehicle charging 

stations in India: A review. Energy Storage: p. e261. 

41. Napoli, G., et al., Optimal allocation of electric vehicle charging stations in a 

highway network: Part 2. The Italian case study. Journal of Energy Storage, 

2019. 26: p. 101015. 

42. Herbst, D., R. Schuerhuber, and E. Schmautzer. Methods for the verification of 

protective measures for safety of DC charging stations for electric vehicles. in 

ICREPQ'19. 2019. 

43. Mouli, G.R.C., P. Venugopal, and P. Bauer. Future of electric vehicle charging. 

in 2017 International Symposium on Power Electronics (Ee). 2017. IEEE. 

44. Das, S. Emerging trends in Electric Vehicle in Indian market. in 2019 3rd 

International Conference on Recent Developments in Control, Automation & 

Power Engineering (RDCAPE). 2019. IEEE. 

45. Figura, R., S. Sadowski, and R. Siroić, Ultrafast charging station for electric 

vehicles. AUTOBUSY–Technika, Eksploatacja, Systemy Transportowe, 2018. 

19(6): p. 839-842. 

46. Knez, M., G.K. Zevnik, and M. Obrecht, A review of available chargers for 

electric vehicles: United States of America, European Union, and Asia. 

Renewable and Sustainable Energy Reviews, 2019. 109: p. 284-293. 

47. Srdic, S. and S. Lukic, Toward extreme fast charging: Challenges and 

opportunities in directly connecting to medium-voltage line. IEEE 

Electrification Magazine, 2019. 7(1): p. 22-31. 

48. Kersten, A., et al., Review of Technical Design and Safety Requirements for 

Vehicle Chargers and Their Infrastructure According to National Swedish and 

Harmonized European Standards. Energies, 2021. 14(11): p. 3301. 

49. Macioszek, E. and G. Sierpiński. Charging stations for electric vehicles-current 

situation in Poland. in International Conference on Transport Systems 

Telematics. 2020. Springer. 

50. Ronanki, D., A. Kelkar, and S.S. Williamson, Extreme fast charging 

technology—Prospects to enhance sustainable electric transportation. 

Energies, 2019. 12(19): p. 3721. 



 63 

51. Altaleb, H. and R. Zoltan, Electric Vehicle Charging Infrastructure and 

Charging Technologies Elektromos járművek töltési infrastruktúrája és töltési 

technológiák. 

52. Jar, B., A. Miller, and N. Watson, Rapid EV Chargers: Implementation of a 

Charger. 2016. 

53. Hardinghaus, M., M. Löcher, and J.E. Anderson, Real-world insights on public 

charging demand and infrastructure use from electric vehicles. Environmental 

Research Letters, 2020. 15(10): p. 104030. 

54. Chen, T., et al., A review on electric vehicle charging infrastructure 

development in the UK. Journal of Modern Power Systems and Clean Energy, 

2020. 8(2): p. 193-205. 

55. Willrett, U. Future generations for DC fast charging systems. in 16. 

Internationales Stuttgarter Symposium. 2016. Springer. 

56. Terzi, U.K., et al., A Review of Commercial Electric Vehicle Charging Methods. 

Promet-Traffic&Transportation, 2020. 32(2): p. 291-307. 

57. SEZER, M. and M. ARPACIOĞLU, Unicharge: An Application For Smart 

Charging of Electric Vehicles. 

58. Montoya, F., J.M.-L.J. Torres-Moreno, and F.M.-A.V. Barón, Analysis of 

charging stations for electric vehicles in Spain. system, 2016. 6: p. 7. 

59. Bekli, S., B. Boyacı, and K.G. Zografos, Enhancing the performance of one-

way electric carsharing systems through the optimum deployment of fast 

chargers. Transportation Research Part B: Methodological, 2021. 152: p. 118-

139. 

60. Kurfirt, M., M. Kaspirek, and J. Hlavnicka. E-mobility impact on supply in 

distribution grid. in 2019 20th International Scientific Conference on Electric 

Power Engineering (EPE). 2019. IEEE. 

61. Nair, S., et al. India's charging infrastructure—biggest single point impediment 

in EV adaptation in India. in 2017 IEEE transportation electrification 

conference (ITEC-India). 2017. IEEE. 

62. Anthopoulos, L. and P. Kolovou, A Multi-Criteria Decision Process for EV 

Charging Stations’ Deployment: Findings from Greece. Energies, 2021. 14(17): 

p. 5441. 

63. Khaligh, A. and M. D'Antonio, Global trends in high-power on-board chargers 

for electric vehicles. IEEE Transactions on Vehicular Technology, 2019. 68(4): 

p. 3306-3324. 

64. de Souza Brito, J.A., Electrical Vehicles and Charger Stations: State-of-Art. 

65. Pemberton, S., A. Nobajas, and R. Waller, Rapid charging provision, 

multiplicity and battery electric vehicle (BEV) mobility in the UK. Journal of 

Transport Geography, 2021. 95: p. 103137. 

66. Weiller, C. and A. Neely, Business model design in an ecosystem context. 

University of Cambridge, Cambridge Service Alliance, 2013: p. 1-21. 

67. Bohnsack, R., J. Pinkse, and A. Kolk, Business models for sustainable 

technologies: Exploring business model evolution in the case of electric 

vehicles. Research Policy, 2014. 43(2): p. 284-300. 

68. Gupta, S.B.S., Market research and Business model (options) generation for a 

mobile EV charging unit in the US market. 



 64 

69. Torti, M., An Electric Vehicle Rideshare Business Model: Transportation 

network company pilot program providing electric vehicles for low-income 

rideshare driver use. 2021. 

70. Cowan, K. and T.U. Daim. Technology planning for emerging business model 

and regulatory integration: The case of electric vehicle smart charging. in 2016 

Portland International Conference on Management of Engineering and 

Technology (PICMET). 2016. IEEE. 

71. Zhang, Y. and J. Wen, The IoT electric business model: Using blockchain 

technology for the internet of things. Peer-to-Peer Networking and 

Applications, 2017. 10(4): p. 983-994. 

72. Wesseling, J.H., C. Bidmon, and R. Bohnsack, Business model design spaces in 

socio-technical transitions: The case of electric driving in the Netherlands. 

Technological Forecasting and Social Change, 2020. 154: p. 119950. 

73. Secinaro, S., et al., Employing bibliometric analysis to identify suitable business 

models for electric cars. Journal of cleaner production, 2020. 264: p. 121503. 

74. Chasin, F., et al., Smart energy driven business model innovation: An analysis 

of existing business models and implications for business model change in the 

energy sector. Journal of Cleaner Production, 2020. 269: p. 122083. 

75. Lu, X., et al., Fundamentals and business model for resource aggregator of 

demand response in electricity markets. Energy, 2020. 204: p. 117885. 

76. de Rubens, G.Z., et al., The market case for electric mobility: Investigating 

electric vehicle business models for mass adoption. Energy, 2020. 194: p. 

116841. 

77. Kong, D. and X. Bi, Impact of social network and business model on innovation 

diffusion of electric vehicles in China. Mathematical Problems in Engineering, 

2014. 2014. 

78. Li, M., et al., How Shenzhen, China pioneered the widespread adoption of 

electric vehicles in a major city: Implications for global implementation. Wiley 

Interdisciplinary Reviews: Energy and Environment, 2020. 9(4): p. e373. 

79. Das, H., et al., Electric vehicles standards, charging infrastructure, and impact 

on grid integration: A technological review. Renewable and Sustainable Energy 

Reviews, 2020. 120: p. 109618. 

80. Kang, N., F.M. Feinberg, and P.Y. Papalambros, Integrated decision making in 

electric vehicle and charging station location network design. Journal of 

Mechanical Design, 2015. 137(6): p. 061402. 

81. Borlaug, B., et al., Levelized cost of charging electric vehicles in the United 

States. Joule, 2020. 4(7): p. 1470-1485. 

82. Chen, Y. and Y. Perez, Business model design: lessons learned from Tesla 

Motors, in Towards a Sustainable Economy. 2018, Springer. p. 53-69. 

83. Meenakshisundaram, R. and B. Shankar, Business Model Innovation by Better 

Place: A Green Ecosystem for the Mass Adoption of Electric Cars 1, 2, 3, in 

Case Studies in Social Entrepreneurship and Sustainability. 2018, Routledge. 

p. 292-316. 

84. Sovacool, B.K., et al., Actors, business models, and innovation activity systems 

for vehicle-to-grid (V2G) technology: A comprehensive review. Renewable and 

Sustainable Energy Reviews, 2020. 131: p. 109963. 



 65 

85. Ilieva, I. and J. Rajasekharan. Energy storage as a trigger for business model 

innovation in the energy sector. in 2018 IEEE International Energy Conference 

(ENERGYCON). 2018. IEEE. 

86. Vokony, I., et al., Business models to exploit possibilities of E-mobility: an 

electricity distribution system operator perspective. Periodica Polytechnica 

Transportation Engineering, 2020. 48(1): p. 1-10. 

87. Christensen, T.B., P. Wells, and L. Cipcigan, Can innovative business models 

overcome resistance to electric vehicles? Better Place and battery electric cars 

in Denmark. Energy Policy, 2012. 48: p. 498-505. 

88. Monios, J. and R. Bergqvist, Logistics and the networked society: A conceptual 

framework for smart network business models using electric autonomous 

vehicles (EAVs). Technological Forecasting and Social Change, 2020. 151: p. 

119824. 

89. Kumar, R., et al., Addressing the challenges to electric vehicle adoption via 

sharing economy: an Indian perspective. Management of Environmental 

Quality: An International Journal, 2020. 

90. Muratori, M., et al., The rise of electric vehicles—2020 status and future 

expectations. Progress in Energy, 2021. 3(2): p. 022002. 

91. Levy, J., I. Riu, and C. Zoi, The Costs of EV Fast Charging Infrastructure and 

Economic Benefits to Rapid Scale-Up. 2020, Technical report, EVgo. 

92. Naor, M., C. Druehl, and E.S. Bernardes, Servitized business model innovation 

for sustainable transportation: Case study of failure to bridge the design-

implementation gap. Journal of Cleaner Production, 2018. 170: p. 1219-1230. 

93. Wan, Z., D. Sperling, and Y. Wang, China’s electric car frustrations. 

Transportation Research Part D: Transport and Environment, 2015. 34: p. 116-

121. 

94. Luna, T.F., et al., The influence of e-carsharing schemes on electric vehicle 

adoption and carbon emissions: An emerging economy study. Transportation 

Research Part D: Transport and Environment, 2020. 79: p. 102226. 

95. Suman, M.N.H., F.A. Chyon, and M.S. Ahmmed, Business strategy in 

Bangladesh—Electric vehicle SWOT-AHP analysis: Case study. International 

Journal of Engineering Business Management, 2020. 12: p. 

1847979020941487. 

 
 

 

 

 

 



APPENDIXES 
 



APPENDIXES 

 

 
Source [http://www.evat.or.th/] 

 



 68 

 

 
Source [http://www.evat.or.th/] 

 

 



 69 

 
 

Source [http://www.evat.or.th/] 

 

 

 



 70 

 
Source [https://www.pea.co.th/] 

 



 71 

 
Source [https://www.pea.co.th/] 

 



 72 

 
Source [https://www.pea.co.th/] 

 



 73 

 
Source [https://www.pea.co.th/] 

 



 74 

 
Source [https://www.pea.co.th/] 

 



 75 

 
Source [https://www.pea.co.th/] 

 



 76 

 
 

 

Source [https://www.pea.co.th/] 

 



 77 

 
 

 

 

 

 

 

 

 

Source [https://www.pea.co.th/] 

 

 

 

 

 

 

 

 

 

 

 

 



 78 

Price for installing electric vehicle charging stations 

 

 

 
Source [https://www.pmk.co.th/shop/ev-charger] 
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Source [https://www.pmk.co.th/shop/ev-charger] 

 

 
 

Source 

[https://www.alibaba.com//trade/search?fsb=y&IndexArea=product_en&CatId=&SearchText=S

C+charger+station+50kw] 
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Source [https://transformae.wordpress.com/อยากรู้-ราคาหมอ้แปลงไฟฟ้า] 
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 81 

 
Source [https://www.prachachat.net/motoring/news-840761] 

 

 
 

 

New Number of xEV Registration 2021-2020

Battery Size Year Year

BEV kWh 2021 2020

MG 44.5 1066 824

Tasla 62 222 86

Porsche 79 194 15

MINI Cooper 32.6 83 11

NISSAN 40 61 54

Source [Department of Land Transport]
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[ https://data.go.th/en/dataset/vk2564 ] 

 

CO2 distance Phisanulok to Khao Kho

distance วงัทอง-เข็กนอ้ย 75 km Year 2564

distance เข็กนอ้ย-อาเซยีน 30 km 105km

CO2  = g/km 100 150 200 200 200 200 200 200 200 200

รถน่ั์ง(ไม่เกนิ 7 คน) รถน่ั์ง(เกนิ 7 คน) รถขนาดเล็ก รถขนาดกลาง รถขนาดใหญ่    รถ( 4 ลอ้) รถ (6 ลอ้)      รถ (10 ลอ้)    รถพว่ง    รถกึง่พว่ง

วงัทอง-เข็กนอ้ย 2599 2912 6 4 72 918 197 99 67 47

เข็กนอ้ย-อาเซยีน 1899 196 9 11 5 3429 172 34 44 15

4498 3108 15 15 77 4347 369 133 111 62

Total vehicle 12,735                     

วงัทอง-เข็กนอ้ย 19,492,500            32,760,000       90,000          60,000     1,080,000  13,770,000      2,955,000     1,485,000 1,005,000     705,000     

เข็กนอ้ย-อาเซยีน 5,697,000               882,000             54,000          66,000     30,000        20,574,000      1,032,000     204,000    264,000        90,000       

CO2 25,189,500            33,642,000       144,000       126,000   1,110,000  34,344,000      3,987,000     1,689,000 1,269,000     795,000     

CO2=g/105km 102,295,500          EV 5% 2.88 % 28,083.57     ppm 381                 vehicle

g/m 974.24                     EV10% 5.77 % 56,167.14     ppm 762                 vehicle

1 g=1000ppm 974,242.86            ppm=g/m

https://data.go.th/en/dataset/vk2564
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