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Abstract: In this article we explore how a single standard dealing with vehicle-to-grid (V2G) mobility,
ISO 15118, is coproduced in divergent ways across Asia, Europe, and North America. Specifically, ISO
15118 enables V2G as it oversees the communication between electric vehicles (EVs) and electric
vehicle service equipment. It allows for bidirectional electricity flows and thereby offers electricity grids
the use of EV batteries for grid services like frequency control and demand side management. We
observe that highly technical and invisible standards like these are understudied in the energy literature
and commonly misinterpreted as purely technical in scope. Hence in our contribution we offer such a
study and use ISO 15118 to show how even in the most technical and invisible of cases, politics is still
at work. We argue that standards, through a process of coproduction, are of vital importance for the
governance of energy systems and play a major role in energy transitions through the various
nontechnical assumptions scripted into them. Drawing from a synthesis of the literature on
standardization, innovation studies, and science and technology studies, we thus analyse the
implementation of ISO 15118 in the United States, China, Denmark and the Netherlands. We find a
detailed technical standard that is implemented with differing degrees and in different sociotechnical
and institutional contexts. We conclude by suggesting what this selectivity, compliance and
fragmentation means for electric mobility and energy policymaking more generally.

Keywords: coproduction; automotive manufacturing; vehicle-to-grid integration; transnational
governance; electric vehicles; ISO 15118



The coproduction of electric mobility: Selectivity, conformity and fragmentation in the sociotechnical
acceptance of vehicle-to-grid (V2G) standards

1 Introduction

Standards structure our energy systems and ‘often exert invisible power over individuals; they organize our
reality, how we move, who we are, what we eat, and take on an objectivity which disguises their reality creating
role (Power, 2014, p. 113).”! They create shared understandings and coordinate actions, often without direct
enforcement or membership obligations, and as such they fill the space between international regulation, national
laws, company processes and consumer behaviour. While there is quite some socio-political work on standards
(Brunsson et al., 2012; Busch, 2011; Bush et al., 2015; Loconto, 2015; Power, 2014; Timmermans and Epstein,
2010), the energy literature sees technical standards, as opposed to environmental standards like fuel saving
classes, often discussed on their technical merit, but not as a political phenomenon (Huang et al., 2016; Pei et al.,
2016; yet see Ho and O’Sullivan, 2017). Not surprisingly, a political or sociotechnical analysis of electric vehicle
standards is even more uncommon. The exception is work by Bakker et al. (2015) and Brown et al. (2010) on the
standardization of visible and tangible charger plugs.

This paper instead explores and reviews how a single, almost invisible and highly technical communication
standard dealing with vehicle-to-grid (V2G) technology is being coproduced and implemented in divergent ways
across Asia, Europe, and North America up until 2016.2 Specifically, the paper introduces ISO 15118 from the
joint International Standardization Organization (ISO) and the International Electrotechnical Commission (IEC),
and describes how this standard is adapted in China, the United States of America (USA), Denmark and the

Netherlands. It also explores the network of standards to which it is connected and draws on various literatures to

I'CAN - Controller Area Network; DSO — Distribution Service Operator; EV — electric vehicle; EVSE — Electric Vehicle
Supply Equipment (‘the charger’); IEC - International Electrotechnical Commission; ISO — International Standardization
Organization; OCHP - Open Clearing House Protocol; OCPP - Open Charging Point Protocol; OEM — Original Equipment
Manufacturer (‘car producer’); PEVs — Pluggable Electric Vehicles; PLC — Power Line Communication; RFID — Radio
Frequency Identification; SAE - Society of Automotive Engineers; STS - Science & Technology Studies; V2G — vehicle-
to-grid.

2 As such this paper deals with the first version of ISO 15118. Since the finalization of this study there has been a lot of
work on the second version of ISO 15118, which is more comprehensible and detailed and has more international support.
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understand the role that an invisible standard like ISO 15118 plays in society. We conclude that the initial
implementation and acceptance of ISO 15118 varies socio-culturally from strategic selectivity in China,
conformity and compliance in Europe, and fragmentation in the United States.

Assessing ISO 15118 is important as it structures the high-level communication between electric vehicles
(EVs) and the charger or Electric Vehicle Supply Equipment (EVSE). Through this high-level communication,
ISO 15118 enables a novel technology known as V2G. An automobile capable of V2G interaction, sometimes
referred to as ‘mobile energy’ or ‘smart charging,” mates an automobile with the electric utility system (Kempton
and Tomi¢, 2005a, 2005b) and allows for bidirectional flows of power. As a communication standard, ISO 15118
aims to standardize the automatic authentication, authorization, flexible load control and billing procedure between
EVs and EVSEs (ISO, 2013; Miiltin and Schmeck, 2014). As such it allows for controlled charging and the back
feeding of power to the grid, which in turn enables EV batteries to be used, potentially, for frequency regulation,
spinning reserve, peak shaving and other grid services. This intelligent, two-way communication between the
electricity grid (operators and markets) and the vehicle (and driver) therefore supports utilities in their task to
manage electricity resources and empowers vehicle owners to reduce the lifecycle costs of their cars by selling
power back to the grid.

This paper’s focus on a V2G standard thus informs current debates and attempts to promote low-carbon
electric mobility (Sovacool et al., 2017). The introduction of ISO 15118 for example starts with a reference to the
‘pending energy crisis and the necessity to reduce greenhouse gas emissions’ and then continues to argue for
standards to enable the shift to electric mobility (ISO, 2013, p. v). As mentioned above, standards provide the
shared understanding of industries and their networks to increase economic efficiency at the production side and
convenience and safety on the consumption side (Brown et al., 2010). Thus, they influence the future direction,
speed and costs of sociotechnical developments, including the introduction of EV technologies and the resulting
substitution of fossil fuels and storage for intermittent energy sources. In addition, standards influence the
environmental impact of EVs themselves, as they offer guidance on technology and safety requirements, product
quality and business performance measurements, and energy efficiency and environmental requirements (Gerst

and Gao, 2016).
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As we demonstrate in this article, this process is not merely a technical phenomenon but instead a political
process that ‘coproduces’ humans and things (Jasanoff, 2004). Within the standardization literature Busch (2011,
p. 3) makes a similar point when he argues that standards are ‘the recipes by which we create realities’. Likewise,
Timmermans & Epstein (2010, p. 70) claim that one needs to be ‘be attentive to the normative dimensions of
standardization as a powerful, sometimes subtle, and sometimes not-so-subtle means of organizing modern life.’
We thus argue that a variety of social practices—in this case, divergent ways of implementation shaped by
political, economic and cultural contexts — are woven into the evolution of emergent V2G standards, even one as
specific and technical as ISO 15118. Or as Taylor et al. (2014, p. 33) write, models and standards can operate as
‘boundary objects’ that become ‘not only based on mathematical representations of the world, but are also shaped
by, and play a role in shaping, the social world in which they are embedded.’

In short, the paper contributes to the electric mobility literature as it offers a first nontechnical introduction
and explanation of ISO 15118 and other V2G communication and charging standards. By drawing on the
coproduction and the standardization literature, the paper further contributes to the low-carbon energy literature
by showcasing how even such invisible and highly technical standards are politically mediated and have political

effects, and are therefore valid and necessary objects of study.

2 Research concepts and case selection
This section introduces the research concepts that are used, the content of ISO 15118 and summarizes the

case selection.

2.1  Coproduction and the socio-technicality of standards

In terms of a conceptual framework, this study is situated at the nexus of the academic literature on
innovation studies, science and technology studies, and the standardization literature. Specifically, it employs the
interdisciplinary concept of ‘coproduction’ to illustrate how technical standards coevolve with other elements such
as social values and organizational strategies. As Jasanoff writes (2004, p. 2), ‘coproduction is shorthand for the

proposition that the ways in which we know and represent the world (both nature and society) are inseparable from
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the ways we choose to live in it.” In short: standards co-create a technical or scientific order alongside a social or
cultural one. Viewing standards this way—as subjective, coproduced elements constantly in flux rather than
objective elements that are permanently stable—does two noteworthy things. It firstly reveals how standards
become entangled with social norms and hierarchies and the politics of setting up standards and the political effects
that result from them. It secondly rejects scientific determinism and shows that standards are not an unmediated
reflection of science and engineering, but instead are material embodiments and products of social work.

Though the concept of coproduction has been already applied to a variety of fields — physics and the
detection of gravitational waves (Collins, 1985), vertebrate zoology (Star and Griesemer, 1989), emergency
medicine (Timmermans and Berg, 1997), genome diversity research (Reardon, 2001), climate and atmospheric
science (Miller, 2005), psychiatry (Brodwin, 2008), forest management (Swedlow, 2012), neuroscience
(Pickersgill, 2012), and the process of metrology itself (Mallard, 1998) — it has been less applied to the automotive
or engineering realm. Furthermore, no research (to our knowledge) has applied it to quality control standards in
business, nor has it been extended to the automotive or transport sector or especially electric mobility or V2G.

This is remarkable as the notion of coproduction fits nicely with the reigning understanding of standards
in the literature where standardization refers to ‘a process of constructing uniformities across time and space,
through the generation of agreed-upon rules (Timmermans and Epstein, 2010, p. 71; building on Bowker and Star,
2000). In this process, ‘[s]tandards can emerge as the consequence of consensus, the imposition of authority, or a
combination of both (Russell, 2005, p. 1).” The resulting standards are rules for ‘common use’ that coordinate
relations between private parties through standardization (Botzem and Dobusch, 2012, p. 738; Brunsson et al.,
2012) or actually generate distinctions and rankings through standardized differentiation (Busch, 2011).
Irrespective whether they are used for coordination or differentiation, standards are thus less strict than formal
regulations, laws and national boundaries but simultaneously more structured than shared social norms. At the
same time, they are inherently dynamic: they evolve and are nested in other standards, unevenly distributed, and
often voluntary as they mainly work indirectly through ‘coercive, normative and mimetic isomorphic pressures’
(Brunsson et al., 2012, p. 618; Lampland and Star, 2009). In other words, standards are part of a continuous

(re)negotiated political process.
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In this respect, ISO 15118 offers an interesting case for two reasons. First, it is a highly technical standard
that not many people are, nor will they ever, be aware of because it is not a tangible standard, like the charger
types discussed in Bakker et al. (2015). Second, it is a relatively new standard. Even though ISO 15118 is approved
by the main international standardization body, it is still in need of national and local adaptation by both national
standardization organizations and related car and charging industries. The focus of this paper is therefore not only
on whether these standards are integrated but also on the constant negotiation and feedback behind their

implementation and the differences that emerge in this process (Botzem and Dobusch, 2012, p. 741).

2.2 The ISO 15118 standard

In terms of a brief background, work began in 2009 when the ISO/IEC 15118 Joint Working Group was
formed to define a communication standard for the charging of EVs. One that would be able to deal with both
Alternating Current (AC) and Direct Current (DC) charging levels and incorporate a V2G option (see use case F5
in ISO, 2013, p. 40; Schmutzler et al., 2013). ISO 15118 builds on IEC 61851, a more basic communication
standard (see Table 1), by adding Power Line Communication (PLC) to increase the communication features
between a car and its charger (Martinenas et al., 2016). The standard consists of eight parts. The first three of these
are published, while the others are in various stages of development and draft. The eight parts of ISO 15118 can
be summarized respectively as dealing with: 1) general information and use-case definition; 2) network and
application protocol requirements; 3) wired physical and data link layer requirements; 4) network and application
protocol conformance tests; 5) physical layer and data link layer conformance test; and 6-8) wireless
communication (ISO, 2013).

Content wise, ISO 15118 lists the technical requirements and communication protocols that enable
bidirectional communication between the electric vehicle communication controller in the EV and the supply
equipment communication controller in the EVSE. At present this communication takes place directly along the
control line which is part of the wire between the EV and EVSE, but in the future this could also be wireless.
Based on its content and with the help of the four categories of standards of Timmermans & Epstein (2010), ISO

15118 is not a performance standard, but can be categorized as a terminological, design, and procedural standard
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because it simultaneously structures the communication process (procedural), details the specifications of the
necessary components (design), and clarifies definitions and roles (terminological).

Furthermore, ISO 15118 should be seen as a nested standard. This is something Filipovi¢ (2013) describes
when he talks about an ‘ecosystem’ geared towards the ‘systemic standardization’ of electric mobility. A standard
like ISO 15118 might appear to stand on its own, but only works in relations to a broader network that consists of
institutions, agents, technology, strategies, social norms and other standards. In this network, ISO 15118 focusses
specifically on the first communication tier of e-mobility: the connection between the EV and the EVSE. The
second tier of communication deals with the communication between the EVSE and their servers, while the third
tier deals with the communication between the servers of different EVSE operators to allow for roaming services
so that an EV driver can charge at the infrastructure of multiple operators (Buamod et al., 2015, p. 5). Table 1

provides a brief overview of the main standards that are discussed in this article.

Table 1: Overview of the communication standards behind electric mobility charging mentioned in this article

Standard Focus Description Used/intended

to be used

ISO 15118 (- EV—-EVSE A de-jure standard. Adding high-level Globally

2015 1-8) communication to ISO 61851, incl. standardized
automatic authentication, authorization, load
control and billing procedures.

Based on PLC with a HomePlug Green PHY
communication protocol.

SAE J2847/ | EV—EVSE | A de-jure standard with three parts. Of these parts,  United States

1-3 part 1 (AC charging) and 3 (V2G) are based on SEP
2.0, and part 2 (unidirectional DC charging) is
based on ISO 15118 and PLC.

CHAdeMO EV-EVSE A de-facto, by now globally recognized, DC Quick = Japan/Korea and
charge standard, which builds on ISO 61851 but globally through
then uses alternative hardware and communication =~ CHAdeMO
protocols based on Controller Area Network (CAN) charging
not PLC. infrastructure

GB/T 27930 EV-EVSE A de-jure standard. V2G aspect primarily based on = China

(-2015) SAE J2847, but with CAN based communication
protocol following the Original Equipment
Manufacturer (OEM) practice of using ISO 11898.

ISO 61850 EVSE - Grid = A de-jure standard. Used for low level (automated) = Globally

& ISO 61851 grid communication between and towards

electricity substations. Focuses on voltage,
frequency and duty cycles.



Coproduction and Electric Mobility

OCPP EVSE — A de-facto standard. Structures data streams Open, Western-
EVSE between EVSEs and control servers. Europe but
Operator spreading

OCHP Between A de-facto standard. Structures data streams Open, currently
EVSE between EVSE operators and an international Western-Europe
operators clearinghouse to allow for interoperability between

different charging station operators.
SEP 2.0 Smart grid Developed by the ZigBee Alliance. General PLC United States

based machine-to-machine communication protocol
for energy appliances (incl. EVs) within a smart
grid.

Source: Authors

Despite its novelty and importance, ISO 15118 is not completely devoid of controversy. One criticism of
ISO 15118 is that the mandatory security measures are insufficient (Buamod et al., 2015; Hofer, 2013; Lee et al.,
2014). For example, Lee et al. (2014, p. 4) criticize ISO 15118 for having several ‘unsatisfactory security
requirements’ related to ‘authenticity, data integrity, confidentiality, privacy protection, non-repudiation and
availability.” Saxena & Choi (2016) similarly note how according to ISO 15118-2 only unilateral authentication
(i.e., server side authentication) is mandatory, while mutual authentication (EV-side authentication) is optional,
despite the additional security the latter would provide against redirection and impersonation attacks. Even though
several different systems have been proposed to reduce security risks, increase an individual’s privacy and
guarantee data authenticity (Chen et al., 2015; Hofer, 2013; Lee et al., 2014; Saxena and Choi, 2016), none of

these have so far been accepted into the standard, nor implemented in real-world projects.

2.3 Case selection

For the study into the acceptation and institutionalization of ISO 15118 we have selected four representative
countries for examination: China, the USA and two European countries, Denmark and the Netherlands. All of
these countries make strong inroads into electric mobility. Both in terms of the absolute or relative number of
acquired personal pluggable electric vehicles (PEVs) and related infrastructure (see Table 2), and in terms of
innovation and public support for green mobility in general. Furthermore, both the USA, Denmark and the

Netherlands are among the first countries with active V2G projects.
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Table 2: Number of PEV and charger units in China, USA, The Netherlands and Denmark

End of year Sold PEVs  Total PEVs Public charging infrastructure =~ Market share Total share
Slow Fast (new vehicles) of fleet
China (2015) 207.3822 312.2902 46.6572 12.1012 1,0%? 0,18%
China (2016) 351.861f 645.708° 100.000¢ 1,45% 0,33%
USA (2015) 113.870? 404.090? 28.1502 35242 0,7%? 0,153%
USA (2016) 157.130¢ 570.187¢ 35.456 5.529 0,9%* 0,2%
Netherlands (2015) = 43.769¢ 87.531¢4 17.7864 4654 9,7%¢ 1,1%
Netherlands (2016)  24.477¢ 112.008¢ 26.0884 6124 6,4%¢ 1,38%
Denmark (2015) 5.298° 8.480¢ 1630¢ 421¢ 1,9%¢ 0,303%
Denmark (2016) 2.063° 9.276¢ 2114¢ 422¢ 0,5%¢ 0,324%

Source: Authors. Notes:  IEA (2016); ® European Automobile Manufacturers Association (2017); ¢ Cobb (2017); ¢ RVO (2017); ¢ EAFO
(2017); f Pontes (2017); ¢ Wang (2017)

Then again, in three of the cases the incentives for EVs are being reduced. In China, the 13th Five-Year Plan
sets a target of 5 million EVs on the road by 2020 (State Council, 2016). To reach this goal, the government
provides a range of fiscal subsidies in order to promote technological innovation, develop charging facilities and
stimulate the consumption of EVs. Following notions of fraud with the massive incentives in 2015 (up to 14,000
dollars by state and local governments), the national and local governments have withheld some of their support
for electrified public transportation. Similar stories can be found in Denmark and the Netherlands. In Denmark the
government decided to phase out the purchase tax exemption on EVs as of January 2016 (a decision that inflates
the 2015 sales number, see: Nordic Energy Research and IEA, 2016; Thure, 2015). In the Netherlands, the public
support policies were adjusted as well, among others by increasing the CO, emission requirements for tax
exemptions, which affects hybrids and pluggable hybrids (Ministry of Finance, 2015).

Such government incentives only tell part of the story. The next two sections, respectively, present the
adaptation and institutional context of ISO 15118 in each of the regions and then discusses what this means for
electric mobility. In terms of methodology, these cases are based on a desk study that focussed on publicly
available sources up to 2016 in both English, Chinese, Dutch and Danish describing 1) how standards are set, 2)
whether there are V2G standards and, if so, what their content is, and 3) whether the companies working on electric

mobility in these countries adhere to these standards.
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3 Results: A tale of three implementation strategies
This section describes the implementation of ISO 15118 in the four countries, from the strategic and
functional selectivity of standard implementation in China, the aggressive conformity and compliance in the small

European countries and the fragmented acceptance of ISO 15118 that can be observed in the USA.

3.1 Strategic selectivity in China

Despite the emergence of a culture of electric mobility, membership of ISO, and the presence of 75 EV
standards (with another 77 standards under discussion (Wu, 2014)), China does not have a national V2G standard
based on ISO 15118. Instead, China released its own national standard, GB/T 27930, in December 2015. This
national standard similarly deals with communication protocols between off-board chargers and battery
management systems for EVs (SAC, 2015c). Although GB/T 27930 is based on insights from both the ISO and
American Society of Automotive Engineers (SAE), it appears that in this case the SAE standards were a better
source of inspiration to structure the technological requirements (see its predecessor SAC, 2015a). More important,
however, is that the Chinese standard is based on Controller Area Network (CAN) instead of the PLC behind ISO
15118. This seems to be given by the domestic automotive industry where CAN protocols are common (following
ISO 11898). Then again, in relation to the connector and charging architecture the national Chinese standards are
often based on ISO/IEC standards (SAC, 2015c). Furthermore, the Chinese EV subcommittee has participated in
the international discussions about ISO 15118 since 2011.There is thus not a clear prevalence for one over the
other. Instead, the standards are decided on in a case-by-case situation and co-evolve in line with domestic markets
and technological developments.

Li (2011) notes how automobile manufactures in Europe were anxious about the fact that GB/T 27930
was not based on ISO 15118, as they feared that different standards on the communication protocol would result
in different technologies, which would lead to unnecessary investments in R&D. Two remarks can be made in this
respect. First, the procedure of standard setting in China is different from that in other countries. Whereas in the

other countries the standard setting bodies are independent accreditation organizations, in China they are official
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administrative departments and hence part of the government.> What is more, the standards are ultimately issued
and thus approved by the State Council (the highest administration organ in China). Second, while the government
might be selective regarding ISO 15118, the strength of an international standard shows even in China when one
looks at some of the companies involved. Several multinationals active in China (Maxim Integrated, 2016;
Neusoft, 2016; Phoenix Contact, 2016) and international active Chinese companies (Polelink, 2016) are taking
ISO 15118 into account and are actively designing their products under its guidance. So, while the standards
committee has decided not to follow ISO 15118 (for now), the standard is still implemented and translated by

internationally active companies.

3.2  Conformity and compliance in Europe

In the two small European countries, the position regarding ISO 15118 can best be described as conformity
and compliance. In fact, both Denmark and the Netherlands have implemented ISO 15118 rather quickly, in the
Danish case even before its official acceptation, following a common desire to implement a global standard.

For example, the Danish Standard Association first accepted the ISO 15118 as a national standard under
the provision DS/ISO 15118-1:2013 (Dansk Standard, 2013) when it had yet to be accepted as a regional
(European) standard. This desire seems to follow the research projects in Denmark. For example, in 2009 one of
the main partners behind the Danish EDISON project, the company Eurisco, built an operational platform to test
the interoperability between a number of charging systems and EVs (EDISON, 2013, 2011). This platform already
included drafts of ISO 15118 in its design, as it was recognized that the country needed standardized
‘communication between the different operators, charging equipment, electric vehicle and users (EDISON, 2011,
p- 201).” In 2013, the subsequent Nikola project started to investigate the services between EVs and the power
system. This project also focused on control and communication as its main goal was to ‘tie its technology
development to current European and world-wide standardization efforts, especially applicable standards such as

ISO 15118 and IEC 61851 (Andersen et al., 2014, p. 5).” All this before July 2015, when the European Committee

3 The National Technical Committee of Auto Standardization of the People’s Republic of China is a national Standards
Development Organization which is subordinated to the Ministry of Industry and Information Technology and the
Standardization Administration of China (SAC).

10
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for Standardization (CEN) accepted ISO 15118-2013 and bound all its members to it (including Denmark and the
Netherlands) effectively giving ISO 15118 the status of a national standard across the EU by February 2016 (Dansk
Standard, 2015).

Whereas the Danish collaboration seems to originate from research projects, the Dutch motivation for
standardization instead seems to result from the electricity grid side. Very early on, the nine Distribution System
Operators (DSOs) in the Netherlands decided to cooperate in the subsidiary E-laad (currently ElaadNL) and agreed
on the Menneke plug for local charging. A plug which has since been made the EU standard as well (Bakker,
2013; ElaadNL, 2016). The initial dominant position and cooperative nature of E-laad is still valid and has led to
a fast growing interoperable charging infrastructure where EV drivers can choose their service provider
independently of the EVSE operator (Boekema et al., 2010). The close cooperation in the Netherlands between
the DSOs and EVSE suppliers and operators, in turn falls under the Formula E-Team: a more general program
wherein national and subnational governments, companies, nongovernmental organizations and research facilities
cooperate with the aim of supporting the move to electric mobility.

The parties involved in Dutch electric mobility therefore seem to agree on a shared approach (Eveleens et
al., 2015, p. 26) and on the importance of standards. For example, it was the Dutch government which financially
supported the creation of a standardization committee with free membership for potential stakeholders in order to
promote domestic standardization and to have a seat and a voice at international standardization bodies (Michel,
2012, p. 29). At the same time, some Dutch actors deviate from this agreement, often for practical reasons. For
instance, one of the first V2G test projects in the Netherlands, Smart Solar Charging in the city of Utrecht
(Storaged4all, 2015; Smart Solar Charging, 2015), was originally based on the CHAdeMO standard due to the
limited availability of other reverse flow capable cars (they worked with the Nissan Leaf, see: Storage4all, 2015,
p. 13). Consequently, their project is incompatible with ISO 15118 (Nauck, 2014).* A new, non-CHAdeMO, EVSE

from the Smart Solar Charging consortium is stated to be V2G capable and has recently been approved by

4 A recent study by the IEA in fact stated that the CHAdeMO standard is currently the de facto standard for V2G projects, a
conclusion drawn on the number of bidirectional chargers available: more than 3,000 in Japan alone (IA-HEV, 2016, p.
118). However, it also highlights the weakness of CHAdeMO for electricity utilities, namely the time delay in the
protocol that inhibits some of the benefits of direct control of battery storage.

11
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ElaadNL, but is currently used for controlled charging only, again, due to a lack of V2G capable EVs (Zwiers,
2016).

In general, the debates in both Denmark and the Netherlands are not focused on competing standards, but
rather emphasize how to further implement and develop ISO 15118. This includes a focus on the integration of
ISO 15118 in broader smart charging techniques and its connection with the back office software that is necessary
to enable commercial transactions across companies and regions. Both countries have also essentially obligated
themselves to adopt and translate international and European standards as soon as they are published. However,
this formalization does not seem necessary in this case given the observed need for standardization in both
countries. A need that might be explained by both of them being small countries without large car manufacturers.
This not only removes the political cloud of the latter (Michel, 2012), but also makes it easier to collaborate and

communicate due to the limited number of parties involved.

3.3  Fragmentation in the United States

Since ISO 15118 is a novel standard still under development, a process of 7 to 8 years in total, and given
the long lead times for car producers even if they decide to adapt ISO 15118 for new cars (CEC, 2016), there has
not been a long history of implementation in the USA. Indeed, the controversy in the USA is which communication
standard to utilize. Unlike the two smaller European countries with their clear acceptance of ISO 15118, the USA
does not have a single standard in use. To be more precise, the question is to what extent ISO 15118 is encapsulated
under the more general Smart Energy Profile 2.0 (SEP 2.0) standard for smart grids or whether these two standards
compete.

The USA automotive standards body, the SAE, has developed a parallel standard of communication
known as SAE J2847. The first part of this standard, SAE J2847/1, is based on SEP 2.0 which provides guidelines
for price-based smart charging, demand response load control, and flow reservation for (unidirectional) AC
charging (Chen et al., 2015). SEP 2.0 has already been used to control charging in a pilot project utilizing a

Chrysler pluggable hybrid and is funded by the US Department of Energy (Chen et al., 2015). In turn, the second

12
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part, SAE J2847/2, is based on ISO 15118 and defines a communication protocol for the off-board unidirectional
DC charging of an EV. The last part, SAE J2847/3, uses SEP 2.0 as a basis for communication for defining EVs
as a distributed energy resource, which includes bidirectional capabilities. There is thus some overlap between
SAE J2847/2 and ISO 15118, especially on charging control, but for bidirectional charging SEP 2.0 and ISO 15118
offer two different communication standards.

While SEP 2.0 is the official SAE standard of communication, the implementation of communication
protocols in the USA has been quite varied. For example, a pilot project at the University of California, San Diego
will implement ISO 15118 as its communication protocol (Margoni, 2015). In another example, a V2G project at
the Los Angeles Air Force Base performs ancillary services using another communication protocol, Open
Automated Demand Response 2.0b (Chen et al., 2015), in addition to SEP 2.0 (Markel et al., 2015). As the name
implies, this communication protocol is geared towards automating demand response, and less towards other V2G
services such as frequency regulation. The first global commercial V2G pilot project at the University of Delaware
uses neither SEP2 nor ISO 15118, but instead uses communication based on Annex D of IEC 61851-1 while
utilizing the control pilot line (Markel et al., 2015).

There have been efforts to integrate the various aforementioned communication protocols into a single
integrative system (Chen et al., 2015; Schmutzler et al., 2013) and there are strong signs that the SAE and updated
ISO 15118 standards will be successfully harmonized (CEC, 2016), but in the interim the bidirectional
communication standards in the USA remain uncertain. Indeed, as shown above, some V2G projects do not utilize
any communication standard, but rather develop their own system (Gleason, 2013) despite the need for a standard
to increase scalability and interoperability. In the USA, ISO 15518 is thus facing resistance as some agents prefer
direct EV-EVSE communication protocols (ISO 15118) and others prefer a communication protocol that sees EVs

(and their V2G capacity) as an aspect of a smart home with many more appliances (SEP 2.0).
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4  Discussion and analysis: Implications for energy studies
So far, the paper has touched on the standard itself and its implementation in three different regions, as
summarized in Table 3. This section proceeds to discuss the distinctions between these regions and then builds on

the standardization and STS literature to assess the value of these differences.

Table 3: Summary of V2G standard implementation strategies across Asia, Europe, and North America

Standard Main advocate/proponent Reason
China GB/T 27930 State Building on role of CAN
protocols in OEM industry

USA SAE J28470r SEP 2.0 = SAE (automotive) for SAE = Searching for an integrated
J2847 and smart grid approach
developers for SEP 2.0

The Netherlands ISO 15118 Grid operators, charger Reducing investment risk in

and Denmark companies and research charging infrastructure
institutes

Source: Authors

4.1 Dynamic interpretation

Although ISO 15118 is a globally accepted standard, it has so far not been uniformly implemented. Part of
this fragmentation follows the relative recent publication of ISO 15118, but there seems to be a difference in
approach between the smaller European countries and world powers like China and the USA. Where the smaller
European countries have accepted ISO 15118 and are working through its technical aspects as they await
commercially available V2G capable EVs, the larger countries instead have been developing their own standards.
Interestingly, in each of the cases there are private parties which seem less inclined or unable for practical reasons
to follow the official standards that are in place. In China, private companies utilize ISO 15118 while in the USA
quite a number of companies and projects base their work on other standards.

These different approaches to ISO 15118 might be explained by two main variables: the size of their
domestic markets and the presence of globally operating car manufacturers. Unfortunately, the current case
selection prevents a discussion on the importance of the latter, as it does not include a small country with a large
car manufacturing infrastructure. What the cases do show is the importance of size and scale. The size of the

Chinese and USA markets provides incentives for domestic standards, while EU law and the dependence on
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international markets in the Netherlands and Denmark have made it possible for the latter to agree on close
cooperation at the network side very early on — accepting ISO 15118 even before its official release. This
countrywide cooperative nature plays a major role in the acceptance and implementation of standardized
technology and accompanying regulations. Yet the above also showed that these countries are dependent on the
international car market for V2G capable vehicles.

The variation in standardization thus reminds us that the traditional narrative of standards as ‘solutions to a
market failure,” stewards of coordination for ‘dispersed producers and providers,” or mechanisms that ‘reduce
transaction costs’ (Kindleberger, 1983; Lecraw, 1984) is replaced by one emphasizing their normative and social
nature exercised within political processes. Standards emerge and evolve based on continual compromise, often
creating tension between individual interests and shared rules of behaviour. At this intersection, standards emerge
and organize life. For political scientists, standards serve as instruments of power by differentiating between
acceptable or preferred options and those that are not (Busch, 2011; Gorur, 2013). In some cases, standards actively
exclude, as when food quality and food production standards exclude low quality or unsustainably produced food
from the markets (Loconto, 2015; Ouma Stefan, 2010), although Beniger (1986) for example also compellingly
wrote how shop standards in the early twentieth century were intended to prevent products from being too high in
quality, to socialize consumers to accept lower quality goods and improve profit margins. Not that we argue that
ISO 15118 is doing this, but merely to show that standards should be viewed as sites of conflict, given that they
are ‘heavily implicated in defining multiple spatial and temporary categories (Gaggio, 2002, p. 294).” Basically,
standards always privilege some types of knowledge or ways of doing things above others and, as they can be

hegemonic, ambiguous, and heterogeneous, require social as well as technical meaning.

4.2  Control and user engagement

A large part of this ‘conflict’ is related to vested interests and path dependent investments of one company
or consortium over another. In fact, we see this in the statements from car manufacturers to a public input meeting
from the California Energy Commission (CEC, 2016). Where most of the American and European representatives

showed their support for ISO 15118 and mentioned that they are deploying it in their new vehicle models, one
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German brand cautioned against a single obligatory standard; primarily because it had developed an alternative
cloud-based way to control and communicate the charging of its EVs. Here however, we would like to draw
attention to the deeper social and ethical effects of standards by focussing on the pre-scripted assumptions about
users that are built into ISO 15118, in line with early STS work on materiality. Authors like Pfaffenberger (1992)
and Winner (1980) argue that artefacts or technologies materialize a particular world based on the implicit and
explicit assumptions of its designers, including assumptions on the intended users. For example, Winner (1980)
discusses the low-hanging overpasses on Long Island that were limited in height and thereby allowed cars to pass
but not buses, consequently privileging the predominantly white car-owning class.

Less extreme, ISO 15118 does have its own assumptions. For example, one inherent materialized result of
ISO 15118 is the redundancy of RFID cards (and other forms of activation) that are currently used to communicate
the identification, authorization and payment details of a charging session. ISO 15118 aims to do this through a
plug-and charge service. In other words, it makes RFID cards redundant and forces EV drivers to approach EVSEs
and their operators differently (Miiltin and Schmeck, 2014). Where the RFID cards are used as both identification
and authorization of the trade and its payment, this will be replaced by the act of plugging-in together with earlier
authorizations and contractual agreements between the driver, the EVSE operator, the roaming companies and the
electricity suppliers. The idea here is that in reducing the role of the consumer to plugging-in (with wireless
charging even this is no longer necessary) the drivers’ life is made easier and less prone to complicate the
transaction.

While there is nothing onerous about this and consumers still have to partake in the actual action to charge
their EV by either plugging-in or by notifying their operators of their special travel plans (in case of smart charging
or V2@G), one could provocatively argue that ISO 15118 is scripted with a pampered and undependable consumer.
As ISO 15118 stipulates: ‘Whenever the term ‘USER’ is used in this standard as the subject of a requirement this
is rather meant to provide guidance for the implementer of the standard how a USER can behave and how a user
should be guided by any means [rather] than defining the exact behaviour of the USER (ISO, 2013, p. 14 italics
added).” Even though this clearly states that there is no explicit intent to define the behaviour of EV drivers, we

argue that the overall goal (to charge in the benefit of the grid) does so anyway. With the standard comes the
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assumption that drivers themselves are incapable and unreliable to take actions in the way that the system requires
and hence should be guided by any means. A similar assumption returns in research on charging patterns where
EV drivers are seen and modelled as consumers who plug-in when they come home from work — all at the same
time (Alonso et al., 2014). To counter this, the system is automated and the resulting system preconditions
‘consumers’ to interact with it as its designers see fit.

In other words, a shared or tacit understanding — rightly or wrongly — structures how parties engage with
the communication between EVs and EVSEs, and these basic assumptions drive the need to control the process of
charging and discharging. ISO 15118 builds on these assumptions and is instantiated on the desire to standardize
the connection between two previously unconnected and unfamiliar systems: that of automobility and electricity
grids. As a new combination with heavy upfront capital costs, any form of traditional standardization makes sense
for both sides. And to prevent lock-in effects, the earlier the better (see 'entry deterrence’ in Matutes and Regibeau,
1996). However, at some point the market shifts from the innovation phase to market adaptation and stabilization
phases (Filipovi¢, 2013). At that point the reverse is also true: once parties have accepted and implemented a
standard, they have an interest to promote their standard and prevent new ones to surface. This is the case with the
EV charger types, where there is too much resistance and path dependency to further standardize the three
remaining types into one global charger (Bakker et al., 2015). Instead, the industry adapts by designing adapters

and multi-charger EVSEs.

4.3  Interoperability and scalability

The scalability and interoperability that a standard like ISO 15118 enables often pose the reason to strive
for standardization. Evidently, ISO 15118 allows for the interoperability between two different sociotechnical
systems (transport and electricity) and subsequently allows these entities to scale up their production and output
for an integrated system and a broad implementation with minimal risk of sunk investments. Equally important,
however, from a V2G and grid perspective is that ISO 15118 allows for the scalability and introduction of huge
numbers of EVs on the electricity grid as it provides for a way to communicate between them and the rest of the

grids in order to prevent them from charging all at once.
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That said, while ISO 15118 standardizes the communication between EVs and EVSEs, it can only act in the
benefit of the grid when we look at it as a ‘nested’ standard. More precise, the only way that EVs are (dis)charging
in the benefit of the grid is if the utilities can simultaneously communicate with multiple EVSEs and their
connected EVs. ISO 15118 is part of this equation, but the system also includes the subsequent back office
applications or second tier communication protocols, which allow for communication across EV fleets and EVSE
operators. In this respect, both the USA and European cases highlighted the role of the second tier Open Charging
Point Protocol (OCPP) and subsequent third tier Open Clearing House Protocol (OCHP). An added benefit of
these latter protocols, especially the third tier is ‘to make sure that PEV drivers can really get their cars charged
anywhere they want (Buamod et al., 2015, p. 1).”

Just as ISO 15118, these back office protocols also offer new social roles and functions. For example, for
the grids, aggregators are an essential and much discussed new role as they allow for blocks of EVSEs and fleets
of EVs to partake in the bidding process of electricity markets. For consumers, in turn, the so-called
‘clearinghouses’ are an important new role as they allow EV consumers to roam (charge and pay) with companies
in regions other than their own. To organize the communication between charger operators, the Dutch company
ElaadNL (its frontrunner e-laad) and the Belgian operator Blue Corner joined with the German ladenetz.de
network to create e-clearing.net. This clearinghourse is a non-profit service provider that manages a set of servers
and the software that keeps track of charging transactions and the contracts behind them. In doing so, it pushes
forward its own open source code and protocols (OCHP) to those companies who want to join in. By now, 18
companies make use of this clearinghouse, enabling the roaming of 9500 public chargers across 11 countries (e-
clearing.net, 2016). Here again we see a negotiated and political process, as e-clearing.net is not the only
clearinghouse under development. Yet, open conflict is not an automatic result of these processes: as of March
2015 multiple clearinghouses in Europe have agreed to cooperate (e-clearing.net et al., 2015).

In terms of the manner in which standards become effective it is interesting to notice the difference
between ISO 15118 and second tier standard OCPP. For even though ISO 15118 is an official global standard that
is renegotiated and facing resistance, the OCPP back office protocol is meanwhile emerging as a de facto

international standard for back office communication (eMI3, 2015, p. 13; Martinenas et al., 2016, p. 3). Where
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ISO 15118 is formally negotiated and implemented, the OCPP standard (like CHAdeMO) is emerging from the
bottom up, from the markets themselves. Both standards thus gain in interoperability and scalability, but they draw
their authority and popularity from two different processes. ISO 15118 draws from its internationally negotiated

nature, while OCPP draws from its open source nature in contrast to its proprietary competitors.

4.4  Transnational cooperation and governance

Section 3 showed how an international standard is implemented differently in different geographic
regions. Being a standard — instead of a regulation or international agreement — means that this is not a weakness
per sé. Instead, the constant renegotiation is part of what makes standards effective: while creating a stable footing,
they offer space for development and innovation. Those companies that cannot compete know what to expect,
while those that judge that they can (or need to) move into another direction can do so. Moreover, as standards are
market focused they work in the grey area between national and international regulations. In a way, the current
case selection only does this process partly justice, as it focusses on the differences and connections in-between
countries instead of regions or companies. Two remarks can be made regarding cooperation.

First, this paper observed the need for standards in the electric mobility industry, with charging companies
trying to prevent sunk costs and car companies favouring standards that increase their production efficiency across
different administrative regions with different design, safety and environmental regulations. Simultaneously,
section 3 highlights a number of individual companies which set their own standards. Explicitly, for instance, in
case of Nissan’s success with the CHAdeMO standard or in the case of the OCPP protocol. But also implicitly, as
in the case of the company Nuvve, which is a frontrunner in applied V2G projects and is active in both the USA,
Denmark and the Netherlands. Consequently, it exports at least parts of its software, with corresponding design
choices (including which standards to use and how to use them) across these countries (Nuvve, 2016).

Second, governments play an important role in standardization practices as enablers of industries and
standardization bodies, by offering indirect financial, regulative or diplomatic support in favour of a standard

(whether domestic oriented or international). The Dutch government financially supported the initiation of a Dutch
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working group on EV standardization specifically with the aim to enable Dutch company representatives to
participate in European and international standardization meetings. Likewise, on an international level, the
American and Chinese governments agreed in 2009 on a joint USA-China Electric Vehicles Initiative, also with
standards as a core pillar (Brown et al., 2010; The White House, 2009). This international dialogue is since opened
up to other countries (Clean Energy Ministerial, 2016) but both countries remain in bilateral contact through the
American National Standards Institute China program (ANSI, 2016). All of this in addition to the official ISO and
IEC meetings.

Striking when reflecting from the outside on these different forms of international and transnational
collaboration on ISO 15518 is the relative absence of other Asian countries, in particular Japan and South Korea.
Although these countries actively partake in the ISO 15118 discussions and section 3.2 showed the importance of
the Japanese CHAdeMO standard for V2G projects, most of the public discussion on ISO 15118 is not focused on
Japan. In fact, the choice for certain technical requirements and protocols within ISO 15118 explicitly excludes
the CHAdeMO standard, even though this standard is quite prevalent for DC charging.> This is confirmed by an
early preliminary study of Filipovi¢ (2013), who looked into three different Western standardization meetings and
their roadmaps to see which available EV related standards were mentioned (focusing on 2009 standards).
Filipovi¢ concludes that only a small number of non-western standards were mentioned and that the meetings were
primarily centred on local and regional standardization needs. This confirms the need for international discussions,
but also highlights the political and localized nature of the decisions to use standards, as well as the inherent

winners and losers that come with such a choice.

3> For DC charging, ISO 15118 is based on an early German communication standard (DIN 70121) and so is the American
SAE J2847/2. All three are usable for type 2 Combined Charging Systems (CCS) connectors and based on a PLC
instead of CHAdeMO’s CAN. During review we learned (IEA, 2018) that Japan has decided on SAE J1772 type 1 for
slow chargers (plus Tesla) and accepts a/l DC standards. Korea instead allows only type 2 slow chargers and prefers
CCS Combo 1, but like other countries accepts CHAdeMO as well.
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5 Conclusion

Standards play an important role in the energy transition and the development of EVs and V2G technology.
Their voluntary and constantly renegotiated nature means that they are less visible than official regulations and
political decisions, but thereby also function as the glue that hold many aspects of the energy system together. It
is precisely this voluntary nature that makes standards work. To close the discussion of ISO 15118 the paper offers
four broader insights.

First, obviously, V2G standards within the industry are not static, but constantly evolve and are continually
adapted. They need to be in a fast-moving industry where the technology is changing rapidly and the adoption and
commercialization of EVs dictates increasing coordination and harmonization. For some, this implies a dull
technocratic repetition, for others it is a dynamic political process that never ends (Gorur, 2013, p. 133;
Timmermans and Epstein, 2010, p. 83). However, the fact that standards cannot be studied solely as a form of rule
following, with the punishment of rule breakers, does not mean that they are less important for modern society.
We call upon the literature to take the more technocratic and invisible standards as serious as the general standards
set by international institutions on for example financial practices (Bowden and Seabrooke, 2006), process and
safety standards in the nuclear industry (David and Rothwell, 1996), or outcome standards on energy efficiency
and environmental impact (Laskurain et al., 2015; Williams et al., 2016).

Second, much like the ‘nested’ scale at which the automotive industry operates, V2G standards across
China, Denmark, the Netherlands and USA are neither purely ‘local’ nor ‘global.” Instead they are prone to what
Woywode (2002) has termed a process of ‘local adaptation’ where international standards become refined and
redeployed in a particular local context. Similarly, our research confirms findings from Abo (1995, 1994)
speculating that management concepts must always be adapted to existing cultural conditions to work, creating a
so-called ‘hybrid’ consisting of both international and local elements. This paper shows how semi-autonomous,
local groups have the freedom to decide on whether they follow an international standard. And once they have
decided, how to fit these standards in existing social and technical contexts. Standards are not decided purely upon

their technical qualities, and the ‘best’ standard for one party might not be the best for another.
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Third, we like to draw attention to the inherent assumptions and scripts that are built into a standard, as in
the assumptions about EV drivers and the resulting new organizational roles of clearinghouses and aggregators.
These hint at the social as something that is coproduced (Jasanoff, 2004) within the seemingly technocratic
communication standards. In other words, there is an ethical dimension to the setting and translation of standards.
Sometimes this is referred to as the monopoly position that economists describe (Matutes and Regibeau, 1996) or
the power of some countries to dominate markets (the globalization literature). We feel that the role of political
and social scientists is not to judge these — how to judge whether the total benefits of a standard outweigh the
absence of one or the wrongful implication of another — but to bring to light that there are social implications for
the networks to reflect upon.

Fourth, while we have used this opportunity to flesh out a number of important and quickly overlooked
social and political implications of a technical standard like ISO 15118, we have no doubt that ISO 15118 is in
fact an important technical and political achievement. Even with its fragmented implementation, between countries
and within them, ISO 15118 allows for an interoperability between two formerly separated industries and a
subsequent potential scalability of EVs that is required for a further transition of our transport system away from
fossil fuels. What is more, it acts as a benchmark for the standards and technological developments yet to come —

transforming not only devices, but the ways that people interact with them.

Acknowledgements: The authors are appreciative to the Research Councils United Kingdom (RCUK) Energy
Program Grant EP/K011790/1 ‘Center on Innovation and Energy Demand,’ the Danish Council for Independent
Research (DFF) Sapere Aude Grant 4182-00033B ‘Societal Implications of a Vehicle-to-Grid Transition in
Northern Europe,” which have supported elements of the work reported here. Any opinions, findings, and
conclusions or recommendations expressed in this material are those of the authors and do not necessarily reflect

the views of RCUK Energy Program or the DFF.

22



Coproduction and Electric Mobility
6 References

Abo, T., 1995. A comparison of Japanese “Hybrid Factories” in U.S., Europe, and Asia. MIR: Management
International Review 35, 79-93.

Abo, T., 1994. Hybrid factory: The Japanese production system in the United States. Oxford University Press.

Alonso, M., Amaris, H., Germain, J.G., Galan, J.M., 2014. Optimal charging scheduling of electric vehicles in
smart grids by heuristic algorithms. Energies 7, 2449-2475. https://doi.org/10.3390/en7042449

Andersen, P.B., Marinelli, M., Olesen, 0.J., Andersen, C.A., Poilasne, G., Christensen, B., Alm, O., 2014. The
Nikola project intelligent electric vehicle integration, in: IEEE PES Innovative Smart Grid Technologies,
Europe. Presented at the IEEE PES Innovative Smart Grid Technologies, Europe, pp. 1-6.
https://doi.org/10.1109/I1SGTEurope.2014.7028765

ANSI, 2016. U.S. - China Standards and Conformance Cooperation Program (SCCP) [WWW Document].
American National Standards Institute. URL
http://www.standardsportal.org/usa_en/toolbox/us_chinasccp.aspx (accessed 7.4.16).

Bakker, S., 2013. Standardization of EV recharging infrastructures. E-mobility NSR (North Sea Region Electric
Mobility Network), Delft.

Bakker, S., Leguijt, P., van Lente, H., 2015. Niche accumulation and standardization — the case of electric vehicle
recharging plugs. Journal of Cleaner Production 94, 155-164.
https://doi.org/10.1016/j.jclepro.2015.01.069

Beniger, J., 1986. The control revolution: Technological and economic origins of the information society.
Harvard University Press.

Boekema, J., Rumph, F.J., Lycklama, D., Bottelberghs, L., 2010. Notitie visie en roadmap marktmodel
laaddienstverlening elektrisch vervoer [Memo vision and roadmap market model charging services
electric mobility]. Innopay & TNO.

Botzem, S., Dobusch, L., 2012. Standardization cycles: A process perspective on the formation and diffusion of
transnational standards. Organization Studies 33, 737-762.
https://doi.org/10.1177/0170840612443626

Bowden, B., Seabrooke, L. (Eds.), 2006. Global standards of market civilization. Routledge, New York.

Bowker, G.C., Star, S.L., 2000. Sorting things out: Classification and its consequences, Inside technology. MIT
Press, Cambridge, Mass.

Brodwin, P., 2008. The coproduction of moral discourse in U.S. community psychiatry. Med Anthropol Q 22,
127-147.

Brown, S., Pyke, D., Steenhof, P., 2010. Electric vehicles: The role and importance of standards in an emerging
market. Energy Policy 38, 3797—-3806. https://doi.org/10.1016/j.enpol.2010.02.059

Brunsson, N., Rasche, A., Seidl, D., 2012. The dynamics of standardization: Three perspectives on standards in
organization studies. Organization Studies 33, 613-632. https://doi.org/10.1177/0170840612450120

Buamod, I., Abdelmoghith, E., Mouftah, H.T., 2015. A review of OSl-based charging standards and eMobility
open protocols, in: Network of the Future (NOF), 2015 6th International Conference on The. Presented
at the Network of the Future (NOF), 2015 6th International Conference on the, pp. 1-7.
https://doi.org/10.1109/NOF.2015.7333288

Busch, L., 2011. Standards: recipes for reality, Infrastructures series. MIT Press, Cambridge, Mass.

Bush, S.R., Oosterveer, P., Bailey, M., Mol, A.P.J., 2015. Sustainability governance of chains and networks: a
review and future outlook. Journal of Cleaner Production 107, 8-19.
https://doi.org/10.1016/j.jclepro.2014.10.019

CEC, 2016. Transcript of the 12/07/16 Vehicle-Grid Integration Communications Standards Workshop (No. 16-
TRAN- 01). California Energy Commission, Sacramento.

Chen, B., Hardy, K.S., Harper, J.D., Bohn, T.P., Dobrzynski, D.S., 2015. Towards standardized Vehicle Grid
Integration: Current status, challenges, and next steps, in: 2015 IEEE Transportation Electrification

23



Coproduction and Electric Mobility

Conference and Expo (ITEC). Presented at the 2015 IEEE Transportation Electrification Conference and
Expo (ITEC), IEEE, Dearborn, Ml, pp. 1-6. https://doi.org/10.1109/ITEC.2015.7165789

Clean Energy Ministerial, 2016. Electric Vehicles Initiative (EVI) [WWW Document]. URL
http://www.cleanenergyministerial.org/Our-Work/Initiatives/Electric-Vehicles (accessed 6.22.16).

Cobb, J., 2017. The World Just Bought Its Two-Millionth Plug-in Car [WWW Document]. www.hybridcars.com.
URL http://www.hybridcars.com/the-world-just-bought-its-two-millionth-plug-in-car/ (accessed
2.16.17).

Collins, H.M., 1985. Changing Order. SAGE, London.

Dansk Standard, 2015. DS/EN ISO 15118-1:2015. Vejkgretgjer — Kommunikationsgraense- flade mellem kgretgj
og elnet — Del 1: Generel information og use case- definition. [Road vehicles —Vehicle to grid
communication interface —Part 1: General information and use-case definition]. Dansk Standard,
Nordhavn.

Dansk Standard, 2013. DS/ISO 15118-1:2013. Vejkgretgjer — Kommunikationsgraense- flade mellem kgretgj og
elnet — Del 1: Generel information og use case- definition. [Road vehicles —Vehicle to grid
communication interface — Part 1: General information and use-case definition]. Dansk Standard,
Charlottelund.

David, P.A., Rothwell, G.S., 1996. Measuring standardization: An application to the American and French
nuclear power industries. European Journal of Political Economy, The economics of standardization 12,
291-308. https://doi.org/10.1016/0176-2680(95)00018-6

EAFO, 2017. Countries [WWW Document]. URL http://www.eafo.eu (accessed 1.16.18).

e-clearing.net, GIREVE, MOBI.E, ENEL, Hubject, 2015. Pan-European initiative to connect eRoaming platforms.
Hubject.

EDISON, 2013. Report: Executive summary of the Edison project (D.7.1.1). EDISON Consortium.

EDISON, 2011. Interoperability Test (No. WP5- DOC- 06). EDISON Consortium.

ElaadNL, 2016. Specificaties netbeheerdersgedeelte laadpaal, advies en keuring laadpaal, aansluitservice
[Specifications DSO part of EVSE, advice and approval chargers, connection service] [WWW Document].
URL https://www.elaad.nl/aansluitservice/advies-en-keuring-laadpaal/specificaties-
netbeheerdersgedeelte-laadpaal/ (accessed 5.11.16).

eMI3, 2015. Electro Mobility Interoperability Challenges v1.0. eMI3c/o ERTICO — ITS Europe, Brussels.

European Automobile Manufacturers Association, 2017. New passenger car registration by alternative fuel type
in the European Union.

Eveleens, C., Stevens, G., Van der Starre, B., 2015. Innovatiesysteemanalyse Elektrisch Vervoer: Bijlage Ill bij
Rapport Verzilvering Verdienpotentieel Elektrisch Vervoer, stand van zaken medio 2015 [Innovation
system analyses Electric Mobility: Annex Ill, part of the report Reaching the earning potential of Electric
Mobility, progress per the middle of 2015]. Birch Consultants.

Filipovi¢, E., 2013. Mapping electric-mobility: Standards infrastructure for market uptake, in: 2013 8th
International Conference on Standardization and Innovation in Information Technology (SIIT).
Presented at the 2013 8th International Conference on Standardization and Innovation in Information
Technology (SIIT), pp. 1-12. https://doi.org/10.1109/SI1T.2013.6774571

Gaggio, D., 2002. Negotiating the gold standard: The geographical and political construction of gold fineness in
twentieth-century Italy. Technology and Culture 43, 291-314.

Gerst, M., Gao, X., 2016. IP and electric vehicles standards: local polices vs. global standards?, in: Kai, J. (Ed.),
Effective Standardization Management in Corporate Settings. Business Science Reference, Hershey, pp.
236-264.

Gleason, L., 2013. Technology milestone reached: Electric vehicles at UD earn revenue from power grid [WWW
Document]. UDaily - University of Delaware. URL http://www.udel.edu/udaily/2013/may/vehicles-grid-
050213.html (accessed 5.10.16).

24



Coproduction and Electric Mobility

Gorur, R., 2013. The invisible infrastructure of standards. Critical Studies in Education 54, 132-142.
https://doi.org/10.1080/17508487.2012.736871

Ho, J.-Y., O’Sullivan, E., 2017. Strategic standardisation of smart systems: A roadmapping process in support of
innovation. Technological Forecasting and Social Change 115, 301-312.
https://doi.org/10.1016/j.techfore.2016.04.014

Hofer, C., 2013. Privacy-preserving: Charging for eMobility (MSc). University of Twente.

Huang, R., Shi, W., Yao, D., Chu, C.-C., Gadh, R., Song, Y., Sung, Y., 2016. Design and implementation of
communication architecture in a distributed energy resource system using IEC 61850 standard. Int. J.
Energy Res. 40, 692—-701. https://doi.org/10.1002/er.3427

IA-HEV, 2016. Hybrid and electric vehicles: The electric drive commutes, Hybrid & Electric Vehicle
Implementing Agreement. OECD / International Energy Agency.

IEA, 2018. Global EV Outlook 2018: Towards cross-modal electrification. OECD / International Energy Agency,
Paris.

IEA, 2016. Global EV Outlook 2016: Beyond one million electric cars. OECD / International Energy Agency, Paris.

ISO, 2013. ISO 15118-1:2013 - Road vehicles -- Vehicle to grid communication interface -- Part 1: General
information and use-case definition. International Standards Organization.

Jasanoff, S., 2004. States of Knowledge: The Co-Production of Science and the Social Order. Routledge.

Kempton, W., Tomi¢, J., 2005a. Vehicle-to-grid power fundamentals: Calculating capacity and net revenue.
Journal of Power Sources 144, 268—279. https://doi.org/10.1016/j.jpowsour.2004.12.025

Kempton, W., Tomi¢, J., 2005b. Vehicle-to-grid power implementation: From stabilizing the grid to supporting
large-scale renewable energy. Journal of Power Sources 144, 280—-294.
https://doi.org/10.1016/j.jpowsour.2004.12.022

Kindleberger, C.P., 1983. Standards as public, collective and private goods. Kyklos 36, 377—-396.
https://doi.org/10.1111/j.1467-6435.1983.tb02705.x

Lampland, M., Star, S.L., 2009. Standards and their Stories: How quantifying, classifying, and formalizing
practices shape everyday life. Cornell University Press.

Laskurain, ., Heras-Saizarbitoria, |., Casadesus, M., 2015. Fostering renewable energy sources by standards for
environmental and energy management. Renewable and Sustainable Energy Reviews 50, 1148-1156.
https://doi.org/10.1016/j.rser.2015.05.050

Lecraw, D.J., 1984. Some economic effects of standards. Applied Economics 16, 507-522.
https://doi.org/10.1080/00036848400000066

Lee, S., Park, Y., Lim, H., Shon, T., 2014. Study on analysis of security vulnerabilities and countermeasures in
ISO/IEC 15118 based electric vehicle charging technology. Presented at the 2014 International
Conference on IT Convergence and Security (ICITCS), IEEE, Beijing, pp. 1-4.
https://doi.org/10.1109/ICITCS.2014.7021815

Li, H., 2011. IEC Fl SAE % BEX ATt - BB 412 L 4nEBNSS 27 [Combining IEC and SAE, electric vehicle
charging interface standard will be published soon] [WWW Document]. URL
http://www.dlev.com/9846.html (accessed 5.1.16).

Loconto, A., 2015. Assembling governance: the role of standards in the Tanzanian tea industry. Journal of
Cleaner Production 107, 64-73. https://doi.org/10.1016/j.jclepro.2014.05.090

Mallard, A., 1998. Compare, standardize and settle agreement on some usual metrological problems. Social
Studies of Science 28, 571-601. https://doi.org/10.1177/030631298028004003

Margoni, L., 2015. New electric vehicle chargers help usher in the future of electric vehicle charging [WWW
Document]. URL
http://ucsdnews.ucsd.edu/pressrelease/new_electric_vehicle_chargers_help_usher_in_the_future_of
_electric_vehicle (accessed 5.6.16).

Markel, T., Meintz, A., Hardy, K., Chen, B., Bohn, T., Smart, J., Scoffield, D., Hovsapian, R., Saxena, S.,
MacDonald, J., Kiliccote, S., Kahl, K., Pratt, R., 2015. Multi-lab EV smart grid integration requirements

25



Coproduction and Electric Mobility

study: Providing guidance on technology development and demonstration (No. NREL/TP-5400-63963).
NREL, Golden, Colorado.

Martinenas, S., Vandael, S., Andersen, P.B., Christensen, B., 2016. Standards for EV Charging and their usability
for providing V2G services in the primary reserve market. Presented at the EVS29 International Battery,
Hybrid and Fuel Cell Electric Vehicle Symposium, Montreal, Canada.

Matutes, C., Regibeau, P., 1996. A selective review of the economics of standardization. Entry deterrence,
technological progress and international competition. European Journal of Political Economy, The
economics of standardization 12, 183-209. https://doi.org/10.1016/0176-2680(95)00013-5

Maxim Integrated, 2016. G3-PLC Fi ARSCINEB = FE EB B9 BE{L [G3-PLC Technology Finally Makes Charging an
Electric Vehicle Smart].

Michel, C., 2012. Standardization of infrastructure that supports innovation: The case of Dutch EV charging
Infrastructure (MSc). Utrecht University, Utrecht.

Miller, C.A., 2005. New Civic Epistemologies of Quantification: Making Sense of Indicators of Local and Global
Sustainability. Science, Technology, & Human Values 30, 403-432.
https://doi.org/10.1177/0162243904273448

Ministry of Finance, 2015. Autobrief Il [Car letter II] (No. 1ZV/2015/504 M).

Miltin, M., Schmeck, H., 2014. Plug-and-Charge and E-Roaming — Capabilities of the ISO/IEC 15118 for the E-
Mobility Scenario. at — Automatisierungstechnik 62. https://doi.org/10.1515/auto-2014-0002

Nauck, E., 2014. Transitioning charging stations to smart grid nodes: A comparison of current communication
standards. Fraunhofer ESK.

Neusoft, 2016. ZR P IH I ESBEFTTEB = mm 2B 4d 1SO/IEC 15118 JIH [Intelligent Charging System of Neusoft
Reach passed the tests of ISO/IEC 15118] [WWW Document]. URL
http://www.neusoft.com/cn/news/html/20160512/3492160612.html (accessed 5.18.15).

Nordic Energy Research, IEA, 2016. Nordic Energy Technology Perspectives 2016: Cities, flexibility and
pathways to carbon-neutrality. OECD / International Energy Agency and Nordic Energy Research,
Stockholm.

Nuvve, 2016. Nuvve — SMART GRID powered by V2G.

Ouma Stefan, 2010. Global Standards, Local Realities: Private Agrifood Governance and the Restructuring of
the Kenyan Horticulture Industry. Economic Geography 86, 197-222. https://doi.org/10.1111/j.1944-
8287.2009.01065.x

Pei, W., Deng, W., Shen, Z., Qi, Z., 2016. Operation of battery energy storage system using extensional
information model based on IEC 61850 for micro-grids. IET Generation, Transmission and Distribution
10, 849-861. https://doi.org/10.1049/iet-gtd.2014.1123

Pfaffenberger, B., 1992. Technological dramas. Science, technology & human values 17, 282-312.

Phoenix Contact, 2016. EB &5 214 [Electric vehicle software] [WWW Document]. URL
https://www.phoenixcontact.com/online/portal/cn?1dmy&urile=wcm:path:/cnzh/web/main/products
/subcategory_pages/e-mobility_software_p-19-13/9031d291-fb9a-4d1a-bcOf-8af27¢c3172910
(accessed 5.18.16).

Pickersgill, M., 2012. The Co-production of Science, Ethics, and Emotion. Science, Technology, & Human Values
37, 579-603. https://doi.org/10.1177/0162243911433057

Polelink, 2016. FTHEVR VA EFT BT Z NBE AN B 48 M4 BB A= B/ (B ER [Analysis and diagnosis of
charging process of electric vehicles] [WWW Document]. URL
https://www.polelink.com/index.php?option=com_content&view=article&id=103&I|temid=268&lang=z
h (accessed 5.10.16).

26



Coproduction and Electric Mobility

Pontes, J., 2017. China Electric Car Sales — BYD Wins 2016, Geely Emgrand EV Wins December - [WWW
Document]. EVObsession. URL http://evobsession.com/china-electric-car-sales-byd-wins-2016-geely-
emgrand-ev-wins-december/ (accessed 2.16.17).

Power, M., 2014. Standards in a Non-Standard World. Science as Culture 23, 113-118.
https://doi.org/10.1080/09505431.2013.825238

Reardon, J., 2001. The Human Genome Diversity Project: A Case Study in Coproduction. Social Studies of
Science 31, 357-388. https://doi.org/10.1177/030631201031003002

Russell, A.L., 2005. Standardization in history: a review essay with an eye to the future. The standards edge:
Future generations 247-260.

RVO.nl, 2017. Cijfers elektrisch vervoer [WWW Document]. Rijksdienst voor Ondernemend Nederland. URL
http://www.rvo.nl/onderwerpen/duurzaam-ondernemen/energie-en-milieu-innovaties/elektrisch-
rijden/stand-van-zaken/cijfers (accessed 2.16.17).

SAC, 2015a. GB/T 27930-2015: BB FEIEFEH SR BHSHIMEIR X5 7 BV E S 711X [GB/T 27930-

2015: Communication protocols between off-board conductive charger and battery management
system for electric vehicle]. Standard Press of China, Beijing.

SAC, 2015b. GB/T18487.1-2015: EBE)A &SRB R FE — B4 38 H E K [GB/T18487.1-2015:Connection
set for conductive charging of electric vehicles-Part 3: DC charging coupler]. Standard Press of China,
Beijing.

SAC, 2015c. GB/T20234.3-2015: BB AEE S RBREFEKES 3 i/ E ik A E O [GB/T20234.3-2015

: Electric vehicle conductive charging system- Part 1:General requirements]. Standard Press of China,
Beijing.

Saxena, N., Choi, B.J., 2016. Authentication scheme for flexible charging and discharging of mobile vehicles in
the V2G networks. IEEE Transactions on Information Forensics and Security 11, 1438-1452.
https://doi.org/10.1109/TIFS.2016.2532840

Schmutzler, J., Andersen, C.A., Wietfeld, C., 2013. Evaluation of OCPP and IEC 61850 for smart charging electric
vehicles, in: Electric Vehicle Symposium and Exhibition (EVS27), 2013 World. Presented at the Electric
Vehicle Symposium and Exhibition (EVS27), 2013 World, pp. 1-12.
https://doi.org/10.1109/EVS.2013.6914751

Smart Solar Charging, 2015. Smart Solar Charging: A unique solution for accelerating the transition to
renewable energy (position paper).

Sovacool, B.K., Axsen, J., Kempton, W., 2017. The Future Promise of Vehicle-to-Grid (V2G) Integration: A
Sociotechnical Review and Research Agenda. Annual Review of Environment and Resources 42, 377—-
406. https://doi.org/10.1146/annurev-environ-030117-020220

Star, S.L., Griesemer, J.R., 1989. Institutional Ecology, ‘Translations’ and Boundary Objects: Amateurs and
Professionals in Berkeley’s Museum of Vertebrate Zoology, 1907-39. Social Studies of Science 19, 387-
420. https://doi.org/10.1177/030631289019003001

State Council, 2016. FIEAZBHMEERAZFMESABE T = TAEIHLIINE [The thirteenth five-year
plan of national economic and social development of People’s Republic of Chinal.

Storaged4all, 2015. Outlook Storage4all: Groot potentieel voor Vehicle-to-Grid [Outlook Storage4All: Big
potential for Vehicle to Grid]. Rendement smartgrid voor iedereen.

Swedlow, B., 2012. Cultural Coproduction of Four States of Knowledge. Science Technology Human Values 37,
151-179. https://doi.org/10.1177/0162243911405345

Taylor, P.G., Upham, P., McDowall, W., Christopherson, D., 2014. Energy model, boundary object and societal
lens: 35 years of the MARKAL model in the UK. Energy Research & Social Science 4, 32-41.
https://doi.org/10.1016/j.erss.2014.08.007

The White House, 2009. US-China fact sheet on electric vehicles.

27



Coproduction and Electric Mobility

Thure, K., 2015. Salget af elbiler er fordoblet [Sales of electric vehicles has doubled] [WWW Document]. URL
http://www.danskenergi.dk/Aktuelt/Arkiv/2015/August/15_08_10A.aspx?utm_medium=email&utm_s
ource=transactional&utm_campaign=Notifikation%3A+Salget+af+elbiler+er+fordoblet (accessed
7.1.16).

Timmermans, S., Berg, M., 1997. Standardization in Action: Achieving Local Universality through Medical
Protocols. Social Studies of Science 27, 273-305. https://doi.org/10.1177/030631297027002003

Timmermans, S., Epstein, S., 2010. A world of standards but not a standard world: Toward a sociology of
standards and standardization. Annual Review of Sociology 36, 69-89.
https://doi.org/10.1146/annurev.s0c.012809.102629

Wang, B., 2017. Production and sales volume of Chinese alternative energy vehicles rank first among the world
for two consecutive years [WWW Document]. Gasgoo. URL
http://autonews.gasgoo.com/home/70003478.html (accessed 2.16.17).

Williams, J., Mitchell, R., Raicic, V., Vellei, M., Mustard, G., Wismayer, A., Yin, X., Davey, S., Shakil, M., Yang, Y.,
Parkin, A., Coley, D., 2016. Less is more: A review of low energy standards and the urgent need for an
international universal zero energy standard. Journal of Building Engineering 6, 65-74.
https://doi.org/10.1016/j.jobe.2016.02.007

Winner, L., 1980. Do artifacts have politics? Daedalus 109, 121-136. https://doi.org/10.2307/20024652

Woywode, M., 2002. Global management concepts and local adaptations: Working groups in the French and
German car manufacturing industry. Organization Studies 23, 497-524.
https://doi.org/10.1177/0170840602234001

Wu, Z., 2014. Current status and future development of EV standardization in China. China Automotive
Technology and Research Centre, Beijing.

Zwiers, H., 2016. Het energiesysteem van de toekomst wordt in Lombok gelegd: “Utrecht loopt straks voor.”
[The future energy system explained in Lombok: “Utrecht to become a frontrunner”] [WWW
Document]. De Utrechtse Internet Courant. URL https://www.duic.nl/economie/de-wereldwijde-
toekomst-van-duurzame-energie-wordt-in-lombok-gelegd/ (accessed 7.8.16).

28



Technical and invisible energy standards are understudied as socio-political phenomena

This study looks at the adoption of ISO 15118, a communication standard for V2G capable EV
charging in four countries

It finds conformity in the smaller countries and selectivity and fragmentation in the larger

It reflects on this with insights from STS, innovation studies and the standardization literature
And shows that they are voluntary, nested and constantly (re)negotiated transnational
agreements



