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Executive Summary 
Vehicle electrification is envisioned to be a significant component of the forthcoming Smart Grid. In 
this document, a Smart Grid vision of electric vehicle technology for the next 30 years and beyond is 
presented from six different perspectives: 1) social, economic, and political implications, 
2) intelligent vehicles and grid interaction, 3) infrastructure, 4) travelers, 5) communications, and 
6) systems, operations, and scenarios. 

From the social, economic, and political perspective (Chapter 1), a sustainable electrified 
transportation pathway that incorporates renewable energy generation is envisioned, which will 
provide energy production from renewable sources and bulk, distributed storage capabilities. In the 
grid infrastructure, bulk energy storage technology and secondary use of batteries will be essential. 
The combined capacity of numerous charging stations will also parallel the capacity of utility-scale 
energy storage. Available, suitable charging station infrastructure and standardize interfaces will be 
critical societal aspects of electrified transportation. The envisioned electrified transportation system 
will also be an integral part of the future Smart City as a business platform with an open architecture 
for third-party applications. 

From the intelligent vehicles and grid interaction perspective (Chapter 2), the implication of 
intelligent vehicle charging is introduced. Such units offer both assurance for users and flexibility for 
the utility. The interactive energy storage to enable more advanced vehicle-to-grid systems, including 
unidirectional or bidirectional battery chargers, needs to be established. Compared with the 
unidirectional alternative, the bidirectional model will provide more flexibility in the long run. Mobile 
inductive charging might overcome the basic range-limitation of plug-in electric vehicles. 

From the infrastructure perspective (Chapter 3), the future smart infrastructure and how the world is 
split in the future mature transportation market are described. The challenge is to ensure fully 
synchronized energy flow, transportation flow, and communication flow for existing infrastructure 
modernization and unification. Battery technology and its economics will be critical in the evolution 
of transportation electrification. Renewable energy sources will also play a significant role in low-
density and remote locations with plentiful solar or wind energy. Future information exchange will 
require high-bandwidth, high-performance, and highly versatile cloud service platforms. Automated 
parking and automated or assisted driving will also help optimize charging infrastructures utilization. 

From the perspective of the traveler (Chapter 4), this document describes how the traveler’s role will 
evolve rapidly from the traditional picture. In the future, the traveler as a mobile node will be able to 
optimize its movement in a multidimensional grid, including energy, travel time, environmental 
impact, and data connectivity optimization. However, seamless system connectivity might lead to 
privacy issues. 

From the communication perspective Chapter 5 discusses unique Smart Grid/intelligent transportation 
system (ITS) functions and the communication and networking infrastructure supporting the Smart 
Grid/ITS integration with unique functions. To support a broad array of new and extended Smart 
Grid/ITS functions, the envisioned communication and networking infrastructure is highly 
heterogeneous, with hierarchically distributed quality of service-oriented routing; high-mobility, high-
fidelity connections; and extensive information sharing. It is also envisioned that high-mobility, high-
fidelity communication technologies will be jointly developed and will benefit from nontraditional 
technologies such as wireless charging. 
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 xiii 

 

From the systems, operations, and scenarios perspective (Chapter 6), a scenario of future electric 
vehicles, cities, and infrastructure is described, and a series of paradigm shifts are discussed. A future 
integrated model of systems, operations, and services is also presented. In this model, the main 
challenge is expected to be the commerce match and privacy control. 

Following the chapters focusing on these distinct perspectives, conclusive remarks will overview the 
interconnections among all chapters. Discussions of key technologies dictating the real future of the 
evolution of vehicle electrification will also be included.  

We hope that the joint efforts of the authors will serve the purpose of stimulating the reader’s keen 
interest, as well as inspiring the reader’s imagination in vehicle electrification and electrified vehicles 
as part of the Smart Grid. 
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Acronyms and Abbreviations 
ADC automatic driving coordination 

APEL automatic parking and electricity leveling 

API application programming interface 

BEMS building energy management system 

CEMS community energy management system 

DES distributed energy storage 

DBMS database management system 

DSRC dedicated short-range communication 

EAT electronic and automatic transaction 

EMS energy management system 

EPA Environmental Protection Agency 

ERP enterprise resource planning 

ETC electronic toll collection 

EV electric vehicle 

FTTH fiber to the home 

G2V grid-to-vehicle 
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HEMS home energy management system 
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Chapter 1   Social, Economic, and Political 
Implications 

Iqbal Husain, North Carolina State University 
Hiroaki Nishi, Keio University 
Koichi Inoue, National Institute of Informatics 
 

1.1 Vehicle electrification and Smart Grid 
Electric power generation through conventional power plants and the dependence on fossil fuel as 
the sole source of energy for passenger and commercial vehicles has global economic, political, 
and environmental implications. Today’s electric power systems are based on centralized 
generation transmitting bulk power with no intelligence appended to it, which leads to inefficient 
management of load, generation, and storage while exposing the system to greater security risks. 
Electric vehicles are tied at the distribution edge of the electrical grid system, which plays the 
dual role of demanding increased power from the grid system and simultaneously offering the 
potential for distributed energy storage. Electric vehicle sales are steadily increasing worldwide 
and the revolution in electrified transportation is opening doors for innovations and business 
opportunities that stimulate economic growth. The reported data in the power system and 
transportation sectors suggests that the drivers for both the smart electrical system and the 
electrified vehicles are environmental issues, energy security, and economic potentials. 

In the US and elsewhere, the majority of power generation is derived from the burning of fossil 
fuels. According to the US Environmental Protection Agency (EPA) greenhouse gas reporting 
program (GHGRP) data, power plants accounted for about 40% of US carbon pollution and 67% 
of direct emissions in 2012 [10]. Power plants accounted for 2.09 billion metric tons CO2e, which 
represents 67% of emissions reported to the GHGRP and 31% of total U.S. greenhouse gas 
emissions. 

In the transportation sector, internal combustion engine vehicles are a major source of urban 
pollution, responsible for the greenhouse effect that causes environmental concerns [10, 11]. 
Transportation accounts for one-third of all energy use, and carbon emissions—primarily from 
personal vehicles—is one of the biggest challenges for reducing emissions of greenhouse gases 
[11]. According to the EPA [11], transportation is the largest end-use source of greenhouse gases 
(including direct emissions and emissions from electricity use) and accounts for 45% of the net 
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