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Struggles over technology standards are typically reported for competing technologyproviders. Technologyusers
often play not much of a role in standard development. This paper presents findings from the emerging innova-
tion systemof smartmeter communication, inwhich large technology users act as standard developers. This phe-
nomenon is relatively rare, as users often lack the resources and competences to actively engage in standard
development. Over a period of 14 years (2000–2013), we track how different standards emerged and changed,
why and how users became standard sponsors, and what impact this had on the field. Our analysis is based on
variety of data sources, including participatory observation and expert interviews. After an initial period, in
which only proprietary standards were available, two large users started to develop open standards together
with alliance partners and standard development organizations. Consequently, sponsors of proprietary standards
change their strategies, also toward open, alliance-based standards. A central condition for this shift in standard-
izationwas that the two users controlled large shares of themarket. Our research points to the conditions for user
involvement in standardization, thereby contrasting three different settings for standard development.We inter-
pret the case as an example for the larger issue of institutional structures in technological innovation systems de-
veloping over time in a patchwork-like way, thereby shaping and changing the conditions for strategic action.

© 2017 Elsevier Inc. All rights reserved.
Keywords:
Technology standards
Standardization strategies
Technological innovation system
Open standards
Users
Energy
1. Introduction

Technology standards play a key role for the development of techno-
logical fields. Standards facilitate the integration of different technolog-
ical components such as computer platforms, periphery devices and
software into coherent systems (Jain, 2012; van de Kaa et al., 2011). Fur-
thermore, standards reduce variety and lower transaction costs
(Brunsson et al., 2012; David, 1994), thereby eventually creating econ-
omies of scale (West, 2007). Finally, standards also facilitate coordina-
tion and cooperation among actors (Brunsson and Jacobsson, 2000;
Lawrence, 1999; Timmermans and Epstein, 2010).

For firms and other actors, standards are of major strategic impor-
tance as they affect the distribution of resources and the relative posi-
tions of players in a field (Brunsson et al., 2012; Lawrence, 1999;
Garud et al., 2002). Standard battles, i.e. struggles of organizations
over the dominance of standards are therefore a common phenomenon
in the development of technological fields (Suarez, 2004). Well-docu-
mented examples include VHS winning over Sony's Betamax in the
field of video recorders (Cusumano et al., 1992), the struggle of IBM,
Apple and Sun for dominance in the field of IT platforms (West, 2003)
agen, S., Technology users and
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or the long lasting competition of different standards for mobile tele-
communication (Funk and Methe, 2001; Lyytinen and Fomin, 2002).

In most cases, standard battles are fought between competing tech-
nology providers that seek to get most out of their proprietary technol-
ogies. In contrast to technology providers, technology users typically do
not play much of a role in standard development (West, 2007;
Hawkins, 1995). In fact, there are indications for users being underrep-
resented in the committees of standard development organizations
(Jakobs et al., 2001; de Vries et al., 2003) and the literature reports
just a few instances of users actively taking part in the development of
technology standards (Lyytinen and Fomin, 2002; Bresnahan and
Chopra, 1990; Dankbaar and van Tulder, 1992; Koehorst et al., 1999).
A prime reason for this is that most technological fields are character-
ized by a large number of different users (individuals, private and public
organizations) with potentially fragmented interests.

In this paper, we use the technological innovation systems perspec-
tive (Bergek et al., 2008;Markard et al., 2015) to portrait a standard bat-
tle, in which users - in the form of firms that control major shares of the
market - have played a central role.With our study, we shed light on the
conditions for and consequences of large users developing standards. A
closer look at users is particularly interesting as they can be expected to
have diverging interests from technology providers, including a prefer-
ence for open standards (West, 2007; Bresnahan and Chopra, 1990).
Such dynamics are highly relevant both for businesses with strategic
standardization: Game changing strategies in the field of smartmeter
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interests in technology standards as well as for policymakers seeking to
spur the development of specific technologies.

In the following, we analyze the development of all major technolo-
gy standards in the field of smart meter communication in Europe (10
standards of which 3 are user-driven) from 2000 to 2013. Smart
metering is an emerging technological innovation system (Planko et
al., 2016). Utility companies (more specifically: distribution system op-
erators) are the buyers of smart meters. Together with end consumers,
they use smart meter technology, e.g. to track and control power con-
sumption (Erlinghagen et al., 2015). The market for smart meters
spans different national electricity markets with different structures.
Somemarkets comprise a large number of small users (distribution sys-
tem operators), while others are characterized by users that control
large market shares. What makes the case of smart meter communica-
tion even more interesting is that demand for smart meters in some
countries was ‘activated’ through regulation at different points in time.
In other words, the innovation system expanded step-wise and there
were different organizations with different standards in different sub-
systems competing over time.

As of today, the battle over smart meter standards in Europe is still
ongoing. What we find though, is a clear trend towards open standards
developed by inter-firm alliances. Our analysis shows that the standard-
ization strategies of two large users have significantly contributed to
this trend as they delegitimized the originally proprietary strategies of
technology providers in the field.

With this study, we do not only enrich the sparse literature on user
involvement in standardization but also direct attention to how power-
ful user interests can change the nature of technology standards and the
standardization ‘game’. Moreover, we suggest a distinction of ideal-type
contexts in which technology standards are developed: These contexts
vary in terms of whether they are dominated by technology providers,
governments or users and this has implications for how struggles over
standards unfold.

The paper is structured as follows. Next, we present the theoretical
background and our analytical framework. Section 3 introduces the
technological field of smart meters. Section 4 displays the study design.
The empirical results are presented in Section 5. In Section 6 we discuss
our findings in the light of the literature. Section 7 concludes.

2. Theoretical background

Standards are agreed-upon rules “aboutwhat thosewhoadopt them
should do” (Brunsson and Jacobsson, 2000, p. 4); they both enable and
constrain action thus facilitating coordination among actors
(Timmermans and Epstein, 2010). Here we concentrate on technology
standards, which are formal standards that specify the properties, a
product or technology must have, to be compatible with other compo-
nents and to be integrated smoothly into a larger technical system
(Jain, 2012; Brunsson et al., 2012). Technology standards can be viewed
as formal institutions in a technological innovation system (Bergek et
al., 2008;Musiolik andMarkard, 2011). Technology standards are creat-
ed, reproduced and transformed by the actors in the focal field
(Brunsson et al., 2012; Garud et al., 2002; Slager et al., 2012).

2.1. Users in standard development

Technology standards have received quite some attention in eco-
nomics, management and innovation studies due to the profound im-
pact they have on technology development (exponential growth,
dominant designs, lock-in) and the fate of firms (Suarez, 2004; West,
2003; Narayanan and Chen, 2012; van den Ende et al., 2012). The over-
whelming majority of studies have looked into technology providers
and/or governments involved in standardization, which is why we
know comparatively little about how technology users affect standard
development.
Please cite this article as: Markard, J., Erlinghagen, S., Technology users and
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This gap is essential because technology providers and users may
have very different interests. It can be assumed that technology pro-
viders want to recover their development costs and generate high rev-
enues from a novel technology, while users want the products or
services that spawn from the technology to be low cost. Users also pre-
fer a high degree of compatibility to benefit from a broad range of com-
plementary products and not become locked in (Bresnahan and Chopra,
1990; Dankbaar and van Tulder, 1992). As a consequence, users tend to
prefer open standards that are widely accessible for a broad variety of
competing technology providers and complementors (West, 2007).

To date, the literature on standardization reports just a few exam-
ples of users assuming the role of standard developers, or sponsors
(Lyytinen and Fomin, 2002; Bresnahan and Chopra, 1990; Dankbaar
and vanTulder, 1992; Koehorst et al., 1999). A prominent case in this re-
gard isMAP, an IT communication standard for factory automation, that
was developed and promoted by General Motors in the 1980s to better
integrate pieces of equipment from different technology vendors
(Bresnahan and Chopra, 1990; Dankbaar and van Tulder, 1992). GM's
initiative as a large technology user was later supported by other auto-
mobile manufacturers, by large firms in the aircraft industry and by the
US military. Another example is the development of 1st and 2nd gener-
ation mobile phone standards, in which national telecommunication
network operators (in their role as technology users), technology pro-
viders and governments played an influential role (Funk and Methe,
2001; Lyytinen and Fomin, 2002).

While from these studies we have learned much about the interests
of users, we still know little about how users and providers interact as
they compete as standard sponsors in an emerging technological field.

2.2. Analytical framework: novel technologies in existing contexts

In the literature on innovation studies, the technological innovation
systems (TIS) framework is a widely applied perspective scholars use to
analyze emerging technologies (Bergek et al., 2008; Markard et al.,
2015). Among others, the TIS framework directs attention to the key
role of actors and institutional structures, both affecting technology
development.

New technologies do not emerge in an ‘empty space’ but in the con-
text of existing markets, industries, professions, regulations, societal
values, culture etc. (Garud et al., 2002; Muzio et al., 2013; Wirth et al.,
2013).We can think of the context as a patchwork of semi-coherent in-
stitutional and organizational structures that affect the way, in which
firms and other players interact when developing the focal technology
(Bergek et al., 2015). In other words, there is not just one context but
a variety of different context structures for an emerging technology to
cope with.

We expect a focal TIS to reflect these context differences and to show
patchwork-like structures (e.g. in the sense of sub-systems), especially
in early stages of development. At the same time, as the innovation sys-
tem matures, it will develop common overarching institutional struc-
tures such as technology standards, dominant designs, collective
expectations or shared practices of use. In our study, we will come
across different TIS sub-systems, inwhich the influence of users on stan-
dard development varies.

Several studies have shown that novel technologies do not necessar-
ily develop evenly along a global trajectory, but that socio-technical
configurations may vary depending on the context conditions in differ-
ent regions, countries or sectors (Wirth et al., 2013; Dewald and Truffer,
2012; Hansen and Coenen, 2015). Technology development can be
viewed as the interplay of local activities in specific areas, or sub-sys-
tems (e.g. national markets), and more general, overarching processes
at level of the entire technological innovation system. Also standards
may unfold both locally and globally. In mobile telecommunication,
for example, standards were first (in the 1980s) developed at national
levels and later (1990s onwards) also internationally (Funk and
Methe, 2001).
standardization: Game changing strategies in the field of smartmeter
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Another important aspect in the emergence of technological innova-
tion systems is the role of different kinds of actors and their strategies
toward ‘system building’, i.e. the deliberate creation or modification of
institutional and organizational structures (Planko et al., 2016;
Musiolik et al., 2012). System building comprises a broad variety of ac-
tivities, including the creation of value chains, the development of edu-
cational programs or creating technology legitimacy (Kukk et al., 2015;
Markard et al., 2016;Wesseling et al., 2014). Standard development is a
typical example of system building.

2.2.1. Main actor groups
There are five main groups1 of actors in standardization, based on

the general roles actors can assume in the value chain (West, 2007).
Technology providers2 are firms that develop and supply the technology
or product (e.g. DVD drive) for which a standard will be specified. Users
buy and use this product (e.g. to record and watch movies). Below, we
focus on commercial users (here: distribution system operators, DSOs)
that use the product to optimize their processes and to offer services
to their customers. Complementors, are firms that provide products or
services that complement the core product (Markard and Hoffmann,
2016). They also use the standard to ensure compatibility with the
core technology. Standard development organizations (SDOs) are quasi-
official intermediaries, which facilitate the process of standard develop-
ment. SDOs rely on expert committees with experts typically employed
by technology providers or consultingfirms in thefield. SDOsworkwith
formalized processes, in which standards are eventually selected by the
vote of committeemembers (Brunsson et al., 2012). Governments, final-
ly, may mandate a standard or set incentives for stakeholders to arrive
at a common standard.

All of these actorsmay assume the role of standard sponsor. Standard
sponsors are those organizations that take the lead in the development
and promotion of a standard. Often, these are technology providers such
as JVC and Philips in the case of VCR standards (Cusumano et al., 1992),
or SDOs such as the Institute of Electrical and Electronics Engineers in
the case of the Ethernet standard (Jain, 2012). Also governments have
been reported to initiate and shape standardization, e.g. in the field of
mobile telecommunication (Funk and Methe, 2001; Lyytinen and
Fomin, 2002).

2.2.2. Standardization strategies
Standard sponsors can pursue different strategies in how they devel-

op a standard. A major distinction can be made between the process of
standard development (e.g. individual vs. collaborative) and the nature
of the standard (e.g. proprietary vs. open).

2.2.2.1. Mode of development. If an actor develops and pushes a technol-
ogy standard on his own, we refer to this as the single firm mode. Exam-
ples include the case of Sony with Betamax and PlayStation (Suarez,
2004), Sun with Java (Garud et al., 2002) or Apple with its IT platform
(West, 2003).

Very often, however, standard sponsors team up with other organi-
zations, even including competitors from the same industry. We will
refer to such a cooperative way of standard development as the alliance
mode. Building stable and influential alliances can be quite decisive in
standardization battles (van den Ende et al., 2012; Leiponen, 2008). De-
spite being first in themarket, Sony lost against JVC in the VCR standard
battle primarily because JVC was more active and successful in creating
alliances (Cusumano et al., 1992).
1 With this categorization we do not mean to exclude other types of actors such as sci-
entists or social movement organizations that may also play a role in standard
development.

2 Note that there is typically a network of different firms involved in the development
and provision of a specific product or service.With technology providerwe apply a simpli-
fied view on this and refer to thefirm that plays a central or dominant role in this network.
We also use the term technology developer or vendor as alternatives.
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A third mode, the SDO mode, is about a standard development orga-
nization governing standard development (Brunsson et al., 2012; de
Vries et al., 2003). The case of mobile communication technology is an
example for standardization processes governed by SDOs (Funk and
Methe, 2001). The SDO mode is similar to the alliance mode in terms
of multiple organizations, and interests, participating in standard
development.

From a strategy perspective, the three modes can be viewed as posi-
tions in a continuum, in which a private standard sponsor has more
(single) or less (SDO) influence on standard development, while receiv-
ing more (SDO) or less (single) support by other actors.
2.2.2.2. Openness of a standard. Standards can be proprietary or open. In
the case of proprietary standards, the standard sponsor determines the
content of the standard and can also restrict its use (e.g. through prop-
erty rights). For open standards such restrictions do not apply. Again
there is a continuum and standards are rarely entirely open or entirely
proprietary (West, 2007).

Openness can include two dimensions: If standard use is open, it can
be implemented by all interested parties at low (or no) costs. If standard
development is open, demands of different stakeholders can be incor-
porated. This might even imply an ongoing adaptation of the standard
as the base of stakeholders expands and/or demands change. For the
success of Blu-ray, USB and WiFi standard adaptation and subsequent
expansion of the circle of supporters was essential (van den Ende et
al., 2012).

From a strategy perspective, the openness of a standard directly af-
fects the possibility of standard sponsors to generate returns. Increasing
openness makes generation of returns more difficult (Garud et al.,
2002).
3. Smart metering in Europe

Smart metering is a novel technology primarily used in the electric-
ity sector. Smart meters are installed in residential and commercial
buildings for a variety of functions including remote metering, network
monitoring, load management, flexible pricing, energy saving or inte-
gration of distributed electricity production (Depuru et al., 2011;
Farhangi, 2010). Smart meter communication standards are essential
as they define the rules for information exchange between meters,
data concentrators and back-end systems and the underlying commu-
nication technology (Erlinghagen et al., 2015).

As of 2013, more than 60 million smart meters were installed in Eu-
rope, which means that about every 4th household is equipped with a
smart meter (European Commission, 2014).3 Diffusion of smart meter
technology varies significantly across countries. Italy, Sweden, and Fin-
land already exhibit diffusion rates close to a 100% and in Denmark,
Spain, France and the UK smart meter installations are well under way
with rates between 10 and 50% (Colak et al., 2015; Covrig et al., 2014).
The diffusion of smartmeter technology is – to quite some extent– driv-
en by regulation. The EU targets an 80% penetration of smart meters in
European households by 2020 (European Commission, 2009).

Since 2000, different smart meter standards have been developed
and diffused in Europe. Fig. 1 shows their cumulative diffusion until
2013 and a projection4 until 2020. Telegestore (today Meters&More)
was the first. In 2013, it was the standard with the largest installed
base (cf. Fig. 1). Five further smart meter standards (LON, PLAN, GSM,
Kamstrup RF and Meshnet) were developed and applied in the early
years of smart metering. So far, they have not diffused widely. More
3 These figures are comparable to the US electricity market with 43 M smart meters
installed in 2012 and a penetration rate of about 25% (http://www.eia.gov/tools/faqs/
faq.cfm?id=108&t=3, accessed June 30, 2014).

4 Such a projection is possible for those cases where utilities have already announced
which technology and standard they will use and when their roll-out will be completed.

standardization: Game changing strategies in the field of smartmeter
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Fig. 1. Cumulative diffusion of standards in Europe until 2012 and projection until 2020. Standards appear in the order of development (newest on top). Does not include projections on
German FNN standard, as they are not yet available. Counts meters as “SMETS” if deployed in UK regardless whether they are based on GSM and MeshNet.
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recently, another four standards (Prime, G3, SMETS and FNN)have been
developed and will be deployed in significant numbers.

The technological field of smart metering in Europe comprises
hundreds of actors (Covrig et al., 2014). Key actors include tradition-
al meter suppliers such as Landis+Gyr, Kamstrup or Siemens, chip
manufacturers like Texas Instruments or STMicroelectronics, and
telecommunication service providers such as Vodafone or
Telefonica. Distribution system operators such as Enel, ERDF, E.On,
Iberdrola or Vattenfall are the primary users of smart meter technol-
ogy. They buy smart meters from technology providers to install and
operate them at the premises of their customers. Governments play a
role as some have mandated distribution system operators to roll-
out smart meters. These mandates typically leave open which com-
munication standard to use. In the UK and Germany though, govern-
ments have prescribed mandatory standards. Active standard
development organizations include CENELEC on the European level
and IEEE or IEC on the international level. These are specialized in
electrical technology. Also ETSI and ITU, two SDOs for telecommuni-
cation, are involved in smart meter standardization.

A particularity is that smart metering comprises a variety of na-
tional markets that differ in terms of size and structure, the role of
governments and when smart meter activities started (Colak et al.,
2015). Italy, France and Spain are countries with very large, domi-
nant distribution system operators (technology users), whereas
markets in Sweden, Finland and Germany are characterized by
many small users (Table 1).

4. Methodology

In our research, we applied a case study set-up including a longitudi-
nal analysis. Belowwe explain howwe obtained and analyzed our data.

4.1. Research site and scope of analysis

Given our interest in the role of users, the smart meter technology is
a suitable case for two reasons. First, it is an innovation system, inwhich
large users with significant market power are present. In fact the field is
characterized by national electricity markets with very different
Please cite this article as: Markard, J., Erlinghagen, S., Technology users and
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structures when it comes to smart meter users (cf. Table 1). Further-
more, there are some countries with government intervention in stan-
dardization and many without. This variety allows us to compare the
strategies of standard sponsors across different contexts, or settings.

Secondly, the field is characterized by an almost sequential, country-
by-country diffusion pattern. This pattern occurred, among others, be-
cause of government mandates for nation-wide smart meter roll-outs
that were issued at different points in time. This allows us to compare
changes in standardization strategies over time and to link these chang-
es to the ‘activation’ of different types of settings.

Our study covers allmajor smart meter standards in Europe. ‘Major’
means that we have included actual and planned installations larger
than 50,000meter endpoints. In a longitudinal design, we analyze stan-
dard development from its beginning in 2000 until 2013.

4.2. Data collection and analysis

This study builds on unique access to primary data sources including
‘in situ’ observations, archival material and experts (informal discus-
sions and formal interviews). This data was complemented by a com-
prehensive analysis of publicly available documents.

4.2.1. Data collection
Data gathering comprised three main parts: ‘In situ’ observations,

document analyses and expert interviews. Personal observation was
possible thanks to the access to a leading technology developer in the
field. Between 2011 and 2013, one of the authors regularly attended
strategy meetings of this firm. The author also attended the major in-
dustry conference on smart metering in three consecutive years
(2011–2013). Both venues offered the opportunity for many informal
discussions. These were particularly helpful to check and challenge the
information from the interviews and secondary data.

The second part of our data collection consisted of a comprehensive
analysis of documents that helped us to understand the current situa-
tion and to trace earlier developments.We startedwith a systematic re-
view of the websites of all ten standard sponsors, including
standardization alliances. Next we reviewed news articles from special-
ized industry journals, industry reports, conference presentations and a
standardization: Game changing strategies in the field of smartmeter
16/j.techfore.2017.02.023

http://dx.doi.org/10.1016/j.techfore.2017.02.023


Table 1
Key characteristics of selected national markets for smart meters in Europe.

Start of smart meter standard activity Countries No. of users No. of meters of largest user Total number of meters Characteristics of country

2000 Italy 6 32 M 36 M Early adoption, large country, large user
2003 Sweden 158 1 M 5.3 M Early adoption, many, small users
2003 Finland 80 0.6 M 3.3 M Early adoption, many, small users
2007 Spain 3 13 M 28 M Large country, large user
2007 France 1 33 M 33 M Large country, large user
2011 Germany 800 7.6 M 44 M Large country, government decision
2011 UK 6 7.5 M 28 M Large country, government decision
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case study on the Italian smart meter roll-out in 2000 (cf. Rossi et al.,
2009). These archival documents allowed us to trace back changes in
standardization strategies between 2000 and 2013. Particularly helpful
were conference presentations held by standard sponsors at the leading
European industry conference,whichwere available from2005 to 2013.

The third part comprised a total of 26 expert interviews. A first series
of 8 interviews had an explorative character. As interview partners we
selected experts that have been involved in the development of smart
meter standards for many years, ideally from the beginning (i.e. CTOs,
members of alliance boards and standardization committees). Several
interviewees had even worked on different standards, so they could
compare developments.

Building on this, we conducted another 18 interviews with standard
sponsors, including all three large users (ERDF, Iberdrola and Enel),
technology providers sponsoring competing standards and technology
providers participating in SDOs or standardization alliances. We select-
ed managers responsible for (or involved in) strategic decisions around
standard development and deployment. We interviewed at least two
experts for each standard under analysis, with some interviewees
reflecting on more than one standard.

All 26 interviews were conducted between October 2012 and Octo-
ber 2013. They lasted between 60 and 90min. If possible theywere con-
ducted in person (16 of 26), otherwise by phone. If informants agreed,
the interviews were recorded (10 of 26). In all cases, extensive inter-
view notes were taken during the interview and a protocol completed
immediately after.
4.3. Categorization of standardization strategies

We classified standards as ‘single firmmode’, when a standard spon-
sor developed the standard individually. This includes cases in which
the firm commissioned the development of parts of the specification
to third parties. If, in contrast, a standard sponsor created a formal alli-
ance (e.g. indicated by statutes), which owns the standard and governs
its development, we refer to this as ‘alliance mode’. The ‘SDO mode’, fi-
nally, refers to cases in which either an SDO is the standard sponsor or a
standard developed by a firm or alliance was endorsed by an SDO.

Furthermore, standards were classified as proprietary if only the
standard sponsor decides about the standard content and if
Table 2
Major smart meter standards in Europe - changes in the underlying standard

Please cite this article as: Markard, J., Erlinghagen, S., Technology users and
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implementation is not possible for third parties. In contrast, if - at least
- alliance partners (or committee members) are allowed to participate
in the development of the specifications and if both, partners and
third parties, can implement the standard (at no or non-prohibitive li-
cense fees)we regard a standard as open. If participation in thedevelop-
ment was not possible but specifications were available for broader
implementation we refer to it as semi-open.

5. Results

This section consists of three parts. First we briefly describe the de-
velopment of the different standards and how standardization strate-
gies changed over time. Then we report on how and why users
developed their own standards. The final section covers which impact
the user strategies had on the field and the strategies of others.
5.1. Development of standards and changes in strategies

Table 2 lists the 10 standards we analyzed, their sponsors and the
strategies the sponsors pursued, both initially and in 2013. Two stan-
dards were already developed in the 1990s but for different purposes.
Major changes occurred from 2007 onwards, including alliance build-
ing, SDO involvement and standards opening up (cf. Fig. 2).
5.1.1. Initial developments
Standard development started in 2000 with the decision of Italy's

dominant electric utility/DSO Enel to roll-out smart meters to its entire
electricity consumer base with more than 30 million meters. For that
purpose a communication standard was needed but there were no
products and standards readily available in the market. PLAN was a
technical specification, which was neither tested nor implemented in
any product and GSM/mobile phone technology was too expensive
back then. Enel therefore decided to develop a newwire-based commu-
nication standard (Telegestore). It sought support from several part-
ners, including chip and meter manufacturers or IBM as system
integrator (Rossi et al., 2009). Initially, Enel also partneredwith Echelon
(see below) but discontinued this relationship in 2003. Enel kept the
technology proprietary and acted as a single sponsor. In 2004, Enel
ization strategies.

standardization: Game changing strategies in the field of smartmeter
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decided to sell its Telegestore technology to other utilities as well. From
then on, Enel also became technology provider, next to being a user

Echelon, a communication technology provider from theUSwith ex-
periences in building automation, developed its LON technology into
another proprietary standard suitable for smart metering. In 2003, it ac-
quired know-how from a small metering firm so that it could not just
offer communication technology but also a complete smart meter.
From then on, Echelon pursued a dual strategy of selling entire smart
meters as well as LON chips and licenses to other meter manufacturers.
Echelon and othermeter vendors successfully sold LON-basedmeters to
many Swedish, Finnish and Danish utilities between 2003 and 2007.

Kamstrup, a Danish firm with a long tradition in heat metering,
developed a proprietary wireless standard in 2003 to address the
emerging Danish market for smart meters. Kamstrup sold meters
with its own communication standard, but also offered meters that
use mobile phone/GSM technology. Unlike Echelon and Connode
(see below), Kamstrup did not license the standard to other meter
manufacturers. The KamstrupRF standard was successfully sold to
Swedish utilities.

Connodewas founded in Sweden in 2002with the goal to respond to
the demand for smart metering in the Nordic countries. Its Meshnet
standard was initially a proprietary wireless standard, thus directly
competing with Kamstrup. Unlike Kamstrup, however, Connode did
not offer meters but focused on selling Meshnet to other meter manu-
facturers or directly to utilities, if the communication technology was
tendered separately. Connode was successful in Sweden and even
more so in Finland.

Iberdrola, a large electric utility/DSO in Spain, developed its own
standard called PRIME in 2007. By that time, Iberdrola was under pres-
sure because of a mandate from the Spanish government to roll-out
smart meters until 2018 and because of another large Spanish utility
(Endesa) moving ahead with its roll-out.5 Iberdrola developed PRIME
as an open standard. From the beginning, Iberdrola cooperated closely
with a Spanish chip manufacturer, a Spanish meter manufacturer and
other partners. In 2009, it formed a broader alliance with technology
providers and complementors with three goals: to further develop the
standard, to perform conformance testing and certification of products
and to market the standard to other users.

ERDF, the dominant DSO in France, decided to roll-out smart meters
in 2007, after a mandate of the French government. ERDF asked
Maxime, a large US electronics company, to develop the initial specifica-
tion of the so-called G3 standard. ERDF then published the specification
to promote an open standard. In 2010, it invited other technology pro-
viders and complementors to form an alliance with much the same
goals than previously Iberdrola.

The two government-driven standards in the UK and Germany, fi-
nally, were developed as open standards by governments and national
standard development organizations. Governments assumed a coordi-
nation role inviting technology providers and users to jointly develop
a standard. The standards were then handed over to national SDOs. So
far, these standards are foreseen for deployment in the respective coun-
try but not actively promoted for use in other countries.

In summary, the initial standardization strategies differed substan-
tially. Technology providers pursued proprietary strategies, while
users and governments sponsored open standards. Technology pro-
viders (including Enel) started with a single firmmode, while Iberdrola
and ERDF sought support in broader alliances. All three user-DSOs (Enel,
Iberdrola and ERDF) collaborated with technology developers from the
beginning.

5.1.2. Changes in standardization strategies
The initial strategies sawmajor changes (Table 2). Enel was the first

to change its standardization strategy in 2010 as it transformed its
5 Endesa is owned by the Italian Enel and therefore used the Telegestore/Meters&More
standard.
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proprietary Telegestore standard into an open standard, also using a
new name: Meters&More. Moreover, Enel founded the Meters&More
alliance with other users (Endesa and E.ON), chip manufacturers,
meter vendors and complementors. Alliance partners are also involved
in developing the standard further.

Echelon opened its standard in 2010 by releasing the specification of
its LON standard to its user group. Similar to Enel, Echelon re-named the
standard into Open Smart Grid Protocol (OSGP). The user group, now
called OSGP alliance, facilitates exchange of knowledge and experience
among users of the standard but it does not directly contribute to fur-
ther development of the standard,which iswhywe consider the current
status as semi-open.

Connode started to develop an open version of its Meshnet standard
in 2012. However, instead of releasing the specification of theirMeshnet
standard, Connode defined the next version of MeshNet entirely based
on specifications of several existing, open communication standards.
The new version is based on a tool kit of global open (sub)standards
such as 6LoWPAN/IPv6 and CoAP. Connode also joined the standardiza-
tion alliances that promote these standards.

Kamstrup, in contrast, did not open its standard. But the firm em-
phasizes its flexibility to sell meters that employ other open standards
such as GSM or M-Bus. Moreover, Kamstrup launched Omnia as a plat-
form concept in 2012. This platform can accommodate several different
communication standards – including Kamstrup RF. Kamstrup seeks to
win complementary partners for their platform.

Changes in standardization strategies also included endorsement by
third parties: In 2011, PRIME, G3, Meters&More, PLAN and GSM/GPRS
were certified to be compliant with the requirements of the OPENmeter
project and the related mandate of the European Commission. In the
same year, PRIME, G3 and OSGP sought acceptance by standard develop-
ment organizations. To summarize, strategy changes were essential and
widespread. As the two large users, Iberdrola and ERDF, seem to have
played a key role in this, we now look into their motivations and how
the other sponsors justified their strategy changes.
5.2. Motivations of users promoting open standards

The strategic decisions of Iberdrola and ERDF in 2007were two-fold.
First, they decided to become standard sponsors themselves and sec-
ond, they pursued and open, alliance based strategy. The motivations
of both players are verymuch in line. In the interviews, they highlighted
three crucial points: They wanted an interoperable standard that could
be implemented at low costs, theywanted to avoid lock-inwith a single
meter vendor and they were looking for a standard that fulfilled their
technical requirements.

“We wanted a cheap solution and an open solution where we can
choose from multiple vendors … a proprietary solution does not
help to bring the prices down. People were talking about 100 EUR
per meter at that time [which was too expensive].”

[(Iberdrola)]

“…[we want] to choose from many suppliers and prevent lock-in
with a single vendor. Secondly, we want a robust standard and we
want a modern standard.”

[(ERDF)]

“In a first step we looked at what other utilities had done. But every-
thing we found was proprietary. Swedish utilities had 3 different
standards in their distribution grid. Enel had a proprietary standard
[as well] ...”

[(ERDF)]

With regard to their standardization strategies, Iberdrola and ERDF
pointed out three main reasons why they chose an open, alliance
based strategy. Firstly, an open standard was expected to initiate
standardization: Game changing strategies in the field of smartmeter
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Fig. 2. Changes in standardization strategies over time (blue: user driven standards; orange: government driven standards).
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competition among technology providers, thus promising lower prices
and preventing vendor lock-in.

“Openness is the main characteristic for allowing real competition
avoiding any proprietary design ... Utilities are at the forefront of
the roll-out ofmillions ofmeters, any single Euro that utilities can sa-
ve in meters has to be multiplied by millions… [we wanted] a solu-
tion that can be performed by any chipmanufacturer and anymeter
manufacturer, with real competition – that is really the saving”

[(Iberdrola)]

“…an open standard allows us to choose from many suppliers and
prevents lock-in with a single vendor ... In the end, [technology pro-
viders] are all alligators. All collaborate in the alliance, but they are
competitors.”

[(ERDF)]

Secondly, an alliance was seen as a way to overcome their lack of
technological competencies and to ensure that equipment vendors im-
plement the standard in their products. Finally, they saw advantages for
the quality of the standard as they mobilized input of many parties.

“As a utility we knew what we wanted ... but we did not have the
ability to do that. We engaged with silicon manufacturers. For the
prices to go down ... we needed mass production of chips. ... We en-
gagedwith academic experts to knowabout OFDM tech ... [and]with
companies with extensive communication technology know-how in
the media access layer. And finally with meter manufacturers who
need to integrate this technology in their meters.”

[(Iberdrola)]

„For us, the rationale for an open standard [developed in an alliance]
was mainly to benefit from the developments of others. The open
standard allows us to get many contributions from many parties.
You get more back than you gave away.”

[(ERDF)]

Neither ERDF nor Iberdrola had initially planned to develop a new
standard. They only decided to do so, when they found that none of
the existing standards matched their interests. The existing standards
were either proprietary or otherwise not suitable: PLAN and GSM
being the only open standards in 2007 were found to have technical
limitations and too expensive (GSM). In addition, GSM implied the
outsourcing of the operation of the communication network,which cre-
ates dependence on a third party.

Respondents from Iberdrola and ERDF also highlighted, why the pro-
motion of the standard outside of Spain and France was an important
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cornerstone of their strategy. Suppliers were expected to benefit from a
larger market for their PRIME and G3-based products, while the users
themselves benefit from lower prices thanks to economies of scale and
competition between vendors. In the interviews, this was depicted as a
win-win situation.

“G3 should become the world-wide PLC standard. For that you need
around 100 million meters installed. 35 million meters [of ERDF in
France] are just not enough volume for a global standard. Chip man-
ufacturers want larger volumes.”

[(ERDF)]

5.3. Impact of user-sponsored standards

A common impression of our interviewees is that the two users set
in motion a general trend towards open standards, developed in alli-
ances and endorsed by SDOs.

“ERDF and Iberdrola started this trend towards open standards. They
did not accept proprietary standards, they wanted an open standard
that ensured interoperability between products of different technol-
ogy providers.”

[(meter manufacturer)]

“[competing against G3 and PRIME] you cannot have proprietary
standards. This is not accepted by users.”

[(technology provider)]

At the same time, also Enel saw itself as an initiator of the new trend:

“When we started with the open standard, this triggered a big
change in the market. From one year to another at Metering Europe
in Amsterdam [the European fair on smart grids] everybody was
talking about open standards.”

[(Enel)]

The size of themarket controlled by Iberdrola and ERDFwas certain-
ly decisive for the impact the two had on the field. It convinced technol-
ogy providers and complementors to join the alliance and to also use the
standard:

“If we want to win a metering deal in France or Spain, we have to
support these standards. These markets are too big for us to ignore.”

[(meter manufacturer)]

As a consequence, alliances around these standards grew substan-
tially and helped creating momentum behind these standards. In addi-
tion to that, other utilities learned from Iberdrola and ERDF and also
standardization: Game changing strategies in the field of smartmeter
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asked for open standards as a mandatory requirement in their tenders.
This put even more pressure on technology providers with proprietary
standards. If they did not want to be excluded from large parts of the
markets, they had to open their standards.

“… today you cannot have proprietary standards. This is not accept-
ed by users. … Openness is a requirement in many tenders today.”

[(Echelon)]

“… [today] nobodywants to say that I have a proprietary system. Be-
cause I imagine that at the utility level that does not sound very
good. They want to have something that is [open] standards based
technology...”

[(chip manufacturer)]

“I don't know of a utility that would accept a proprietary standard,
today”

[(meter manufacturer)]

More importantly, other users could even choose G3 or PRIME
themselves due to the fact that Iberdrola and ERDF promoted them
internationally. As a consequence, several European and international
utilities decided for these user-driven standards. EDP in Portugal and
Energa in Poland decided for PRIME, while Tepco in Japan has decided
for G3.

“Tepco in Japan [wanted an open standard], they decided for G3 and
other utilities are about to decide [for it]. Enexis for example is pro-
moting G3 to other utilities….”

[(ERDF)]

Technology providers, sponsoring proprietary standards, had to
react. An interview partner from Enel, for example, pointed out that
they opened their standard and founded the Meters&More alliance pri-
marily as a reaction to the competition with PRIME in the context of the
European Commission's M/441 mandate to recommend a European
standard. He explained that despite its large installed base, strategy
makers at Enel thought they could only win against PRIME if they
would open up their standard as well.

Fig. 2 positions the standards according to our two key dimen-
sions and how they developed over time. Before 2007 the innovation
system was dominated by proprietary standards and there were no
strategy changes. After 2007 most sponsors changed their strategies
and we observe a common pattern emerging towards open, alliance
based standards endorsed by SDOs. Our interviewees confirmed that
the primary reason for these changes were the decisions of Iberdrola
and ERDF to develop and promote open standards. These two users,
in other words, changed the rules of the standardization game in
smart metering. Their impact was further amplified by the initiative
of the European Commission to foster harmonized standards and by
the introduction of government-driven standards in Germany and
the UK.

6. Discussion

Our case has generated insights about the formation and change
of institutional structures (here: technology standards) of a techno-
logical innovation system in its early years of development. At first
(before 2007) standardization strategies were similar, then there
was a variety of very different kinds of strategies (2007–2010),
followed by a period (from 2010 onwards), in which standardization
strategies became similar again. This latest shift can be interpreted as
a ‘meta-level’ institutionalization of the technological innovation
system: As markets grew, more and more actors entered the field
and interactions intensified. Technology providers, complementors,
SDOs, users and governments from different countries all became
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involved in technology development, including the formulation of
standards. Increasing interaction, pursuit of different, even conflict-
ing strategic interests and strong commitment of large users then
contributed to the formation of system-wide institutional pressure:
to develop alliance-based open standards with SDO involvement.
Eventually, this may result in the emergence of a common, interna-
tional standard for smart meter technology.

6.1. Conditions for user involvement in standardization

Users becoming standard sponsors are not very common (West,
2007; Hawkins, 1995). In many cases, they have little or no influence
because they do not possess the necessary resources and competences.
These include financial resources, technological competences
(Hawkins, 1995; Bresnahan and Chopra, 1990) or the social skills to
forge larger coalitions (Koehorst et al., 1999; Foray, 1994). Individual
consumers and small firms are typical examples for users facing high
barriers in this regard. Another reason for users not getting involved
in standardization is that a technology is of limited strategic interest for
them (Hawkins, 1995).

In the case of smart metering, we found conditions that were quite
different. All three users, Enel, Iberdrola and ERDF, had a strategic inter-
est in developing their own standard. Smart meters were central for
their business (Enel) and mandated by regulation (Iberdrola, ERDF).
When Enel pioneeredwith smartmetering, noworking communication
technology was available yet, which is why Enel developed it from
scratch. When Iberdrola and ERDF entered the field some years later,
four smart meter standards were available but all of them proprietary.
So they were afraid of becoming locked in.

These strategic interests are not sufficient though. In our case, the
users also commanded crucial resources for standard sponsoring. All
three users had both the financial and human resources to launch and
sustain a standard development process. With regard to technological
competences, the users had detailed insights into how the technology
would be installed and what performancewas required but they lacked
specific competences in communication technologies, electronics,
meter design or systems integration. Therefore, they had to cooperate
with firms that had such complementary competences. Moreover,
Iberdrola and ERDF were very successful in attracting many partners,
which points to their social and political competences in terms of alli-
ance building (cf. Garud et al., 2002).

Finally, all three user-sponsors had significant buying power as they
controlled between 13 and 30 million meters. This allowed them to
send strong signals in terms of future deployment prospects (expected
installed base) and credible commitment (cf. Foray, 1994). From the
perspective of many meter suppliers, the market shares controlled by
the user-sponsors were too large to ignore, which is why they had to
give up their proprietary standards. This is different from theMAP stan-
dard failure, where GM and its user partners could convince only a few
technology providers to deliver compliant products, while the majority
of suppliers did not follow (Dankbaar and van Tulder, 1992).

The aspect of users signaling buyer power points to the relevance of
more general, system-level conditions for standardization. These in-
clude whether the interests of different users in a specific technological
field are overlapping or rather fragmented (Hawkins, 1995; Dankbaar
and van Tulder, 1992), whether there are firms that control large shares
of the market (Dankbaar and van Tulder, 1992) and whether there is
fierce competition or not (Suarez, 2004). We discuss the implications
of such different constellations next.

6.2. Ideal-type settings for standardization

Our study highlights the importance of large users in standardiza-
tion, next to the ‘classic’ situation of technology developers being influ-
ential. In line with earlier literature, we also find indications for
governments playing a crucial role (Funk and Methe, 2001). Based on
standardization: Game changing strategies in the field of smartmeter
16/j.techfore.2017.02.023

http://dx.doi.org/10.1016/j.techfore.2017.02.023


Table 3
Relationship of ideal-type sub-systems (settings) and standard development processes.

Classical setting Government-dominated setting User-dominated setting

Influence of user Marginal (fragmented user base with little
resources and know-how)

Balanced (governments ensure participation of all
stakeholders)

High (small number of large users that
control large shares of the market)

Influence of
government

Low High (central standardization process by gov. authority) Low

Competition and
standard
adoption

Standards compete in the market; adoption
characterized by bandwagon effects

Competition plays out in the standard development process;
onemandatory standard for the region of policy influence

Standards compete in the market;
batch-wise adoption

Mode of
development

Technology providers as standard sponsors; users
play hardly any role in development; all three
modes

SDO mode most likely Users play key role in standard
development; Alliance and SDO mode
most likely

Openness Proprietary and open Rather open Rather open
Examples VCRs, Computers; DVDs Mobile phone or environmental standards Mobile phone (1G), MAP, Freshcrate
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our findings, we distinguish three ideal-type settings for standardiza-
tion (cf. Table 3). These settings can be assumed to have an impact on
how competition among standards unfolds and what kind of standards
emerge.

The ‘classical setting’ is characterized by a large number of users (or
users with fragmented interests) and little or no government interven-
tion - in our case the Nordic countries. In such a setting, the standard
battle is fought between competing technology providers each trying
to establish a large base of early adopters and to win complementors
that support their standard. This setting has been analyzed in most of
the standardization literature (Cusumano et al., 1992; West, 2003; van
den Ende et al., 2012). In the classical setting, users typically play no
or just amarginal role in standard development andhave little influence
on the technological options made available.

In a ‘government-dominated setting’, standard development is driv-
en by governmental authorities, often with the help of SDOs - in our
case Germany and theUK.6 One standard isfinallymademandatory. En-
vironmental or safety standards are often developed under such condi-
tions (Brunsson and Jacobsson, 2000) but also technology standards
have been driven by governments (Funk and Methe, 2001; Lyytinen
and Fomin, 2002). In a government-dominated setting, competition
among technologies plays out to the extent that technology providers
vie for advantage in the committees of SDOs (Brunsson et al., 2012;
Leiponen, 2008). User interests may be accommodated through com-
mittee participation.

A third type of setting is the ‘user-dominated’ setting. It is character-
ized by a few, resourceful users that control large shares of the market
and governments not exerting much influence. This setting had the
game changing impact in our smartmeter case. User dominated settings
are common in infrastructure sectors such as electricity, gas or water
with utility companies serving thousands or millions of consumers
and acting as central buyers of technology. But also in the oil industry,
the aircraft industry, themilitary sector, the car industry and in telecom-
munication we find similar conditions (Funk and Methe, 2001;
Bresnahan and Chopra, 1990; Dankbaar and van Tulder, 1992). In a
user-dominated setting, technology is adopted in larger batches and
users can be expected to enforce their interests already in the process
of standard development.

The technological innovation system for smart meter communica-
tion can be viewed as an assembly of existing, regionally dispersed insti-
tutional structures (regulations, market structures), which over time
became more and more intertwined and eventually developed some
overarching coherence (the trend towards open, SDO based standards).
In the case at hand, the different settings were activated sequentially.
The early years of smart metering resembled a classical setting with
competing proprietary standards sponsored by technology providers.
Later, large users became dominant promoting open standards. In re-
cent years, finally, also two government dominated settings added to
6 We have to note that the influence of governments is regionally constrained, which
means that we might still see competition among standards at the international level.
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the development of the field. While we could show that the different
standards (and settings) already started to affect each other, it is yet
to be seen whether this will also lead to a common standard emerging.

6.3. Limitations

Our analysis has several limitations. First, we studied a technological
field in an early stage of development. This allowed us to make first
hand observations but we can say little about the outcome of the stan-
dard battle: It is open which standard(s) will prevail and whether the
influence of user-sponsors will last. Moreover, further internationaliza-
tion might affect the field, especially with ongoing smart meter rollouts
in the US and Japan.

Second, our study analyzed standardization in electricity supply, a
highly regulated sector with large national differences and little compe-
tition until some years ago, whenmarkets were (fully or partly) liberal-
ized.While national differences enabled us to contrast different settings
for standardization, sector specifics also limit the transferability of our
findings.

Third, we focused very much on the few large users sponsoring and
developing standards, leaving aside the many smaller users applying
one or the other standard. Analyzing their strategies and rationales
(e.g. to join existing alliances, to adopt a specific standard or not) will
certainly be a worthwhile opportunity for further research in the field
of smart grids.

7. Conclusions

Our study makes three contributions to the literature on standardiza-
tion. First, we show that users becoming standard sponsors and promot-
ing open standardsmay have a profound effect. In the case of smartmeter
technology, this very much changed the ongoing struggle over standard
dominance: existing proprietary standards had to be opened up and
their sponsors had to form alliances and seek support from SDOs.

Second, our analysis provides insights into the firm-level conditions
for user involvement. All user-sponsorswere largefirmswith a strategic
interest in the focal technology and sufficient financial and human re-
sources for standard development. Even more importantly, they con-
trolled significant parts of the market. At the same time, all three users
needed strategic partners to compensate for their lack of technological
competences and to forge larger alliances.

Third, our findings support the distinction of three ideal-type set-
tings for standard development. In each of these settings, standardiza-
tion processes unfold differently depending on the influence users and
governments can exert. Especially government- and user-dominated
settings seem to be conducive for open, collaborative standardization.

With regard to the innovation systems literature, our study contri-
butions to the larger issue of how TIS emerge and build up institutional
structure over time (Markard et al., 2016). In our case, the TIS resembled
a regional patchwork of different regulations and market structures.
This led to fragmentation but we also observed the formation of
standardization: Game changing strategies in the field of smartmeter
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common system-wide institutions such as the trend towards open stan-
dards. We expect similar processes of institutionalization in other do-
mains, where institutional contexts strongly vary across regions.
Examples include agriculture and biogas technology (Wirth et al.,
2013), offshore wind (Wieczorek et al., 2015) or infrastructure based
services more generally (Gil and Beckman, 2009).

A general pattern of TIS development may then be as follows. In
early stages different socio-technical configurations co-exist without
much of an impact and technology development might follow different
paths (e.g. in different regions). As the technology diffuses more widely
and international value-chains emerge, common structures, standards
or designs emerge, thus reducing the initial differences. This is when
the technology-specific institutional structures of innovation systems
become fully apparent and forceful (Markard et al., 2016). Exploring
such potential patterns of development is certainly a promising avenue
for further research in the field of innovation studies.
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