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Summary 
Charging infrastructure plays an essential role in the development of electric vehicles. In this study, we 

evaluate the coverage level of charging infrastructure in five countries the U.S., China, Japan, the 

Netherlands and Germany. Electric vehicles stock, the number of charging outlets, and road lengths are the 

key inputs. The results indicate that all selected countries develop electric vehicles and charging 

infrastructure in a positive trend. However, these countries still need to improve the coverage of charging 

facilities. The development levels of electric vehicles and charging infrastructure are affected by many 

factors, like policy, territory areas and etc. 
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1 Introduction 
The threat of climate change has drawn increasing attention at an international level, while the transport 
sector plays an essential role in carbon emission. Globally, the vehicle stock reached 1.2 billion in 2014, 
implying a vehicle ownership level of 180 vehicles/1,000 people [1]. In 2014, the transport sector 
accounted for 23% of global greenhouse gas (GHG) emissions, with around three quarters of these 
emissions from the road transport subsector [2]. 

 

In the U.K., the annual GHG emissions from transport increased by 17 million tons of carbon from 1970 to 
2004 [3]. In China, though the official data was not published, IEA estimated that the share of CO2 
emissions by the transport sector was 6% in 2000 and 8% in 2005 [4]. In the US, the transport sector is the 
second largest sector with 32.9% of total GHG emissions [5]. 

 

Many factors impact on the low carbon of the automotive industry, including policy, culture, product 
structure, energy, and infrastructure [6]. For example, countries, like China and the U.S., have taken 
regulations to limit the oil consumption and carbon emissions from vehicle use [7-8] and encourage citizens 
to use electric vehicles (EVs). Recent researchers have mainly focused on the life cycle assessment (LCA) 
of vehicles and fuels [9-10], considering the energy consumption and GHG emissions, to evaluate the low 
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carbon level of road transport. Though energy saving represents the fastest way to reduce carbon emission, 
the lack of infrastructure partly prevents the actual decrease in fuel consumption and carbon emissions [11].  

 

The low carbon transport infrastructure is affected by many factors. In terms of the city, factors such as the 
land use planning have influence on the low carbon of the transport. The urban layout directly affects the 
residents’ travel demand, which influences the trip frequency and distance. While, preliminary researches 
have also been conducted to explore the relationship between the carbon emission and the development 
level of traditional road infrastructure, like road area per capita, density of city bus lines, etc [12-13]. The 
development of road construction and public transport is the main components of evaluation indexes. 
Finally, low carbon technology of infrastructure construction, like warm mix asphalt technique, is 
investigated [14]. In conclusion, different models have been set up to evaluate the low carbon level of cities 
and the impact of new technology on reducing GHG emissions, from the perspective of transport 
infrastructure. 

 

On the other side, the promotion of electric vehicles has great influence on both conventional and charging 
infrastructure. For example, in many countries, the proportion of parking space with charging outlets is 
requested by government. Besides, the EVs usually occupy the parking space longer than conventional 
vehicles for long recharging time. This will influence the capacity and the mobility of parking lots and lead 
to more need for parking space. The optimization of charging facilities distribution and the LCA of 
charging facilities have been investigated by many researchers [15-16]. The number of charging station, 
charging efficiency and power demand have all been considered as the influence factors.  

 

Few researchers evaluate the impact of infrastructure on the city’s low carbon level, both considering the 
traditional infrastructure and charging infrastructure. With the aim of filling such a gap, this study compares 
the level of infrastructure electrification among different countries. The whole paper is organized as follows. 
After the introduction section, methods and data are presented. Following that, the results are discussed. 
The subsequent section presents the policy implications government. The final section concludes the whole 
study. 

 

2 Methods and Data 

2.1 Methods 
Energy and environmental challenges have imposed serious restrictions to the development of internal 
combustion engine vehicles. EVs have advantages in energy-saving and environmental protection. During 
the past 5 years, both the EVs technology and market had a rapid development. Figure 1 shows the global 
EVs stock in recent years in major countries and the corresponding market share [17]. 
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Figure 1: EVs stocks (BEV&PHEV) in 2011-2015 in the world 

Figure 2 shows the publicly accessible charger outlets stock by country, from 2011 to 2015 [17-20]. The 
number of public charging outlets increased with the growth of the EVs stocks. Charging facilities are the 
energy supplement infrastructure for EVs. Establishing a service network of charging facilities is an 
important foundation for the development of the EVs. There exists a kind of positive interactive relation 
between the promotion of charging facilities and EVs markets.  

 
Figure 2: Public charging outlets in selected countries 

In this study, a multi-indicators model is established including the factors of charging facilities, refueling 
stations, EVs stock, conventional vehicles stock and road length. Equation (1) calculates the density of 
charging outlets, as the first evaluation indicators. 

𝐼" =
𝑆%&'()'*
( 𝑙-)

																																																																																(1) 

Where, 

𝑆%&'()'*— the stock of charging outlets; 

𝑙-— the road length in different road grade (km). 

Equation (2) calculates the coverage of charging outlets for EVs stock. 

𝐼1 =
𝑆%&'()'
𝑆23

																																																																																	(2) 

Where, 

𝑆23— the stock of EVs. 

Equation (3) compares the coverage of infrastructure between charging facilities for EVs and refueling 
stations for conventional vehicles. 
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𝐼5 =
𝑁23/𝑆23

𝑁'89:-'-%;/𝑆'89:-'-%;
																																																																	（3） 

Where, 

𝑁23— the number of charging stations; 

𝑁'89:-'-%;— the number of refueling stations; 

𝑆'89:-'-%;— the stock of conventional vehicles. 

 

2.2 Data 
The U.S., China, Japan, the Netherlands, and Germany are selected for comparison in this study. The road 
lengths in countries was maintained at relatively stable levels in recent years, so only the latest data of the 
road lengths are considered, as shown in Table 1 [21-23]. For different road grades, the demands for 
charging facilities are different. For instance, in China, charging facilities only prevail in urban areas, and 
few are constructed on highways and in rural areas. The difference in the density of charging facilities 
between urban roads and highways are not considered. 

Table 1: The road length and the number of refueling stations in selected countries 

Country Road length (km) The number of refueling 
stations 

The U.S. 6,683,300 114,474 

China 4,577,000 96,800 

Japan 1,218,772 35,000 

The Netherlands 139,295 4,163 

Germany 645,000 14,209 

The conventional vehicle stocks, from 2012 to 2015, in these countries are shown in Figure 3 [24-27]. 

 
Figure 3: The conventional vehicle stock in different countries 

The numbers of charging outlets are shown in Figure 2. We assume that each charging station consists of 
four charging outlets, so the number of charging stations is a quarter of the charging outlets. The number of 
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conventional refueling stations in each country are shown in Table 1 [28-30]. In some developed countries, 
the number of refueling stations is decreasing, due to the development of EVs. For instance, in Japan, the 
number of refueling stations has already been overtaken by the total number of charging outlets, though 
many outlets belong to private owners. 

 

3 Results and Discussion 
The U.S. had a larger number of charging outlets in the earlier years than did other countries, due to the 
earlier development of the EVs market. Besides, the U.S. maintained a rapid growth rate of the charging 
outlets in 2014 and 2015. The growth rate of charging outlets number in China was the highest. In 2012, the 
number in China was around half of that in the U.S. However, China had almost twice the number of the 
U.S. in 2015. Japan was also in a rapid development period of charging infrastructure in 2014 and 2015. 
The incremental quantity of Japan was basically the same as that of the U.S. The Netherlands and Germany 
are both European countries. In comparison, the charging outlets in the Netherlands developed faster than 
that in Germany. 

 

The density of charging outlets, in unit per kilometre, is calculated by Equation (1). Figure 4 illustrates the 
results. The Netherlands had a much higher density than the others, followed by Japan, Germany, the U.S. 
and China. In 2015, the order changed into the Netherlands, Japan, China, Germany and the U.S. It can be 
found that China keeps rapid development in charging infrastructure and keeps improving the coverage. 
The result of the U.S. is not as good as that of compared with other countries. 

 
Figure 4: The comparison of charging outlets distribution density 
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Figure 5: The comparison of charging outlets per EVs own 

Figure 5 indicates the ratio of charging outlets to EVs stock, the results of Equation (2). China has the 
highest result, but is in a decreasing trend. In 2014, the number of EVs in China is around three times of 
that in 2013. However, the charging outlets only 1.3 times that in 2013. The more rapid growth of EVs than 
that of charging outlets leads to the indicator decline. The results of the U.S. and Germany also declined, 
but in 2015, they both had a small increase. The results of Japan and the Netherlands are in uptrend. Japan 
has a higher ratio than the Netherlands. 

 
Figure 6: The comparison between charging facilities for EVs and refueling station for conventional vehicle 

As for the third indicator, Japan has the highest level, as Figure 6 shows. After a short decline, the result in 
Japan had a sustained increase in 2014 and 2015. That means a positive development of charging 
infrastructure in Japan. Germany and China show similar results. Both of them are on a declining trend. 
The results indicate that the development of charging infrastructure in these two countries is not compatible 
with the development of EVs, when compared to conventional vehicles. However, the reasons may be 
different for China and Germany. In China, under the promotion policies, there is a rapid growth in the 
number of EVs as mentioned before. It is hard to ask corresponding facilities to develop so fast. In 
Germany, conventional vehicles have advantages in long historical time. It will take a long period for EVs 
and corresponding infrastructure to entrant in the market. The result of the U.S. is low and downwards. The 
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number of charging outlets does not conform to the number of EVs. The country layout in the U.S may lead 
to this results. Private charging outlets are popular for EVs in the U.S, which is not considered in this study. 
The result of the Netherlands is the lowest. Though the value of the Netherlands is lower than other 
countries, the Netherlands is in a stable and increasing developing trend. 

 

When all the indicators are considered, the Netherlands shows a good result among these five countries, 
with a high EVs stock and coverage of charging outlets. Though the number of EVs in China increases 
quickly, the corresponding infrastructure does not develop in accordance with the EVs. The situation in the 
U.S. is almost the same. The U.S. promotes EVs earlier than other countries, and its charging infrastructure 
has a stable increasing rate. However, when considering the EVs stock, the charging infrastructure still 
need to be promoted. The result of Japan also illustrates a good EVs infrastructure development. Though 
the lack of refueling station, to some extent, leads to the high value of the third indicator, the increasing 
trend means a good develop tendency. Germany is a European country with a long history of conventional 
vehicles. It may take a long period for Germany to adapt to the development of EVs. However, the 
emission policy in the EU may promote this trend. 

4 Policy Implications 
Under the government promotion, the sales and stock of EVs in China really increase rapidly, but the 
infrastructure will be the limitation of EVs in the future for usage. Besides, compared with the Netherlands, 
China has huge land area and unbalanced economic development. EVs and charging outlets are only 
popular in urban area in recent period. It will take a long time for China to promote EVs into mid-western 
regions. The construction of charging infrastructure in remote area will promote the development of EVs, 
and will expand the travel range of EVs. When compared with the U.S., private charging outlets may be not 
suitable for most Chinese users, so public charging infrastructure will be more important for China EVs 
development. Not only the number is essential, but also the distribution.  

 

Japan and Germany are both automotive power countries, and master the advanced technology in 
automotive industry. From the result perspective, they are also in a good developing trend of charging 
infrastructure. A long history of conventional vehicle development has both advantages and disadvantages. 
The technical reserves will help the new type vehicle research and development, but they may also hold 
back the promotion of EVs. Compared with these two countries, the automotive industry in China began 
relatively late, and the technology is relatively weak. However, China automotive companies, like BYD, 
continues to achieve breakthrough in the field of EVs. China should take advantages of this trend, and 
promote charging facilities and EVs. 

 

The Netherlands is a good sample of promoting EVs and developing charging facilities. Due to the small 
territory area, it is easier for the Netherlands to develop EVs. As for the U.S., though it began to develop 
EVs earlier than other countries, it still will take a long period to promote EVs nationally. 

5 Conclusion 
To meet with the restriction of carbon emission and energy problem, the development of EVs market is the 
general trend. Affected by many factors, like the territory area, technology and policy, the development 
levels of charging infrastructure in different countries are also different. In this study, we evaluate the 
development of charging facilities in the U.S., China, Japan, the Netherlands and Germany. Though all of 
these countries have a positive trend in the development of EVs and charging infrastructure, they still need 
to improve the density of charging outlets to meet with the increasing EVs number. The evaluation did not 
consider the unbalanced distribution of charging outlets in countries. In the future study, the distribution 
can be analysed. 

 



EVS30 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium         8 

Acknowledgments 
This study is sponsored by the National Natural Science Foundation of China (71403142, 71690241), State 
Key Laboratory of Automotive Safety and Energy (ZZ2016-024). The authors would like to thank the 
anonymous reviewers for their reviews and comments. 

References 
[1] J.J. Romm, The hype about Hydrogen, ISBN 1-55963-704-8, Washington, Island Press, 2005 

[2] P. Van den Bossche et. Al., SUBAT, an assessment of sustainable battery technology, Journal of Power 
Sources, ISSN 0378-7753, 162(2006), 913-919 

[3] EVS30, http://www.EVS30.org, accessed on 2016-11-06 

[1]    OICA. World motor vehicle in use. Organisation Internationale des Constructeurs d'Automobiles 2015. 
http://www.oica.net/, accessed on 2016-03-15. 

[2]    IEA. Key CO2 emissions trends: excerpt from CO2 emissions from fuel combustion. http://www.iea.org/, 
accessed on 2016-10-15. 

[3]    Harris I, Naim M, Palmer A, Potter A, Mumford C. Assessing the impact of cost optimization based on 
infrastructure modelling on CO 2, emissions. International Journal of Production Economics 2011; 131(1):313-321. 

[4]    Ou X, Zhang X, Chang S. Scenario analysis on alternative fuel/vehicle for China’s future road transport: 
Life-cycle energy demand and GHG emissions. Energy Policy 2010; 38(8):3943-3956. 

[5]    IEA. energy policies of IEA country the United State 2014 review. http://www.iea.org/, accessed on 2016-
10-15. 

[6]    Geels.F. A socio-technical analysis of low-carbon transitions: introducing the multi-level perspective into 
transport studies. Journal of Transport Geography 2012:25:471-482. 

[7]    Wang Z, Jin Y, Wang M, Wu W. New fuel consumption standards for Chinese passenger vehicles and their 
effects on reductions of oil use and CO2 emissions of the Chinese passenger vehicle fleet. Energy Policy 
2010;38:5242-5250. 

[8]    Morrow W, Gallagher K, Collantes G, Lee H. Analysis of policies to reduce oil consumption and 
greenhouse-gas emissions from the US transportation sector. Energy policy 2010;38:1305-1320. 

[9]    Hao H, Geng Y, Sarkis J. Carbon footprint of global passenger cars: Scenarios through 2050. Energy 
2016;101:121-131. 

[10]    Hao H, Liu Z, Zhao F, Li W, Hang W. Scenario analysis of energy consumption and greenhouse gas 
emissions from China's passenger vehicles. Energy 2015;91:151-159. 

[11]    Palencia J, Furubayashi T, Nakata T. Techno-economic assessment of lightweight and zero emission 
vehicles deployment in the passenger car fleet of developing countries. Applied Energy 2014;123:129-142. 

[12]    Norman J, MacLean H, M.ASCE, Kennedy C. Comparing high and low residential density: life-cycle 
analysis of energy use and greenhouse gas emissions. Journal of Urban Planning & Development 2006;132(1):10-
21. 

[13]    Affum J, Brown A, Chan Y. Integrating air pollution modelling with scenario testing in transport planning: 
the TREAMS approach. Science of Total Environment 2003;312(1-3):1-14. 

[14]    Shao Y. Study of low-carbon transportation development based on the perspective of transport 
infrastructure. China Public Security 2012;27:86-89. 

[15]    Yu Z, Zhao Y, Yan X, Ke M, Jun H, Jing Q. Electric vehicle battery charging/swap stations in distribution 
system: comparison study and optimal planning. IEEE Transactions on power system 2014;29(1):221-229. 

[16]    Acha S, Dam K, Shah N. Modelling spatial and temporal agent travel patterns for optimal charging of 
electric vehicles in low carbon network. IEEE Power and Energy Scociety General Meeting 2012:1-8. 

  [17]    IEA. Global EV outlook 2016.  

https://www.iea.org/publications/freepublications/publication/Global_EV_Outlook_2016.pdf, accessed on 
2016-10-15. 



EVS30 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium         9 

  [18]    Sierzchula W, Bakker S, Maat K, et al. The influence of financial incentives and other socio-economic 
factors on electric vehicle adoption[J]. Energy Policy, 2014, 68(5):183-194.  

  [19]    IEA. Global EV outlook 2015. 

http://www.iea.org/evi/Global-EV-Outlook-2015-Update_1page.pdf, accessed on 2016-10-15. 

  [20]    Statistics Netherlands. Transport and mobility 2016.  

http://download.cbs.nl/pdf/2016-transport-and-mobility.pdf, accessed on 2016-10-15. 

[21]    United States Department of Transportation. National transportation statistics: table 1-5: U.S. public road 
and street mileage by functional system(a). 
http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/table_01_
05.html, accessed on 2016-10-15. 

[22]    Ministry of Transport of the People’s Republic of China. Traffic and transportation industry development 
statistics 2015. 

http://zizhan.mot.gov.cn/zfxxgk/bnssj/zhghs/201605/t20160506_2024006.html, accessed on 2016-10-15. 

  [23]    Central Intelligence Agency. The world factbook.  

https://www.cia.gov/library/publications/the-world-factbook/rankorder/2085rank.html, accessed on 2016-
10-15. 

[24]    United States Department of Transportation. National transportation statistics: table 1-11: number of U.S. 
aircraft, vehicles, vessels and other conveyances. 

http://www.rita.dot.gov/bts/sites/rita.dot.gov.bts/files/publications/national_transportation_statistics/html/tab
le_01_11.html, accessed on 2016-10-15. 

  [25]    Automobile Inspection & Registration Information Association. Statistics information.  

https://www.airia.or.jp/publish/statistics/ub83el00000000wo-att/hoyuudaisuusuiihyou.pdf, accessed on 
2016-10-15. 

  [26]    Statistics Netherlands. Transport and mobility 2015.  

http://download.cbs.nl/pdf/2015-transport-and-mobility.pdf, accessed on 2016-10-15. 

  [27]    Statistisches Bundesamt. Statistical yearbook for the federal republic of Germany.  

https://www.destatis.de/EN/FactsFigures/EconomicSectors/TransportTraffic/EnterprisesInfrastructureVehicl
eStock/Tables/Vehiclestock.html, accessed on 2016-10-15. 

  [28]    United States Census Bureau. 2012 Economic census of the United States. 

http://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?src=bkmk, accessed on 2016-
10-15. 

[29]    CIConsulting. 2016-2020 China gas station industry investment analysis and forecast report, accessed on 
2016-10-15. 

  [30]    Allgemeiner Deutscher Automobil-Club. Info, test & rat. 

https://www.adac.de/infotestrat/tanken-kraftstoffe-und-antrieb/probleme-tankstelle/anzahl-tankstellen-
markenverteilung/, accessed on 2016-10-15. 

 



EVS30 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium         10 

Authors 

 

Feiqi Liu is the doctoral candidate in Tsinghua Automotive Strategy Research Institute (TASRI). 
Her research interests are vehicle fleet carbon emissions and life cycle evaluation methods. She 
holds the Bachelor degree in School of Transportation Science and Engineering, Beihang 
University. 

 

 

Dr. Zongwei (William) Liu is the associate professor in Tsinghua Automotive Strategy Research 
Institute (TASRI). His research field is mainly focus on automotive corporate management, with 
special interests in theories and applications of R&D system building, product development 
process and project management as well as technological strategy evaluation and decision-making 
methodology. He holds Bachelor, Master and PhD degrees in Jilin University, China. 

 

Prof. Fuquan (Frank) Zhao is the director of Tsinghua Automotive Strategy Research Institute 
(TASRI), the President of the International Federation of Automotive Engineering Societies 
(FISITA 2018-2020), and the member of Global Future Council on Mobility for the World 
Economic Forum. Prof. Zhao has been a leading author of more than 300 academic papers in 
English, Japanese and Chinese, written 5 books in English and Chinese, and led the development 
of about 20 vehicle models and 10 powertrain products. His research is focus on strategy in fields 
of automotive industry development, corporate management and technology development 
roadmaps.He holds Master and PhD degrees in Mechanical Engineering, Hiroshima University, 
Japan, and a Bachelor degree in Jilin University of Technology, China. 

 

Dr. Hao is the assistant researcher in Tsinghua Automotive Strategy Research Institute (TASRI). 
His research field is mainly on automotive industry research, with focus on industrial development 
and planning, life cycle evaluation methods, technical strategy methodology, etc. Dr. Hao is the 
contributing author of Intergovernmental Panel on Climate Change (IPCC) the 5th Assessment 
Report, the member of editorial Committee of China Automotive Energy Outlook and the member 
of editorial committee of Sustainable Automotive Energy System in China. He holds Bachelor and 
PhD degrees in Department of Automotive Engineering from Tsinghua University. 

 


