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Abstract The smart grid is an important but ambiguous
element in the future transition of the European energy
system. The current paper unpacks one influential na-
tional vision of the smart grid to identify what kinds of
expectations guide the work of smart grid innovators
and how the boundaries of the smart grid are defined.
Building on data from a scenario exercise within a large
Danish smart grid project, we examine how the smart
grid and the conditions for its realization are defined and
delimited. Our findings show that the smart grid hype
embodies several implicit expectations that serve to
guide research and investment and to attract new players
into the field. A scenario process such as that demon-
strated in this article can serve to articulate some of these
implicit assumptions and help actors to navigate the
ongoing transition. On the basis of our analysis,
European policymakers might consider how their (in-
tentional or unintentional) choices serve to create or
maintain certain boundaries in smart grid development:
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for example, an exclusive focus on electricity within the
broader context of a sustainable energy system. As
serious investment starts being made in the smart grid,
concepts like the supergrid, flexible demand and a
broader smart energy system will start competing with
each other.

Keywords Smart grid - Expectations - Scenario
analysis - Flexible demand

Introduction

The European electricity system is faced with a funda-
mental transition. Several changes are deemed neces-
sary in electricity markets and systems, such as im-
proved energy efficiency, reduced carbon dioxide emis-
sions and increased integration of renewable energy
sources. In order to achieve these changes, great expec-
tations are set on the development of a smart grid (e.g.
Erlinghagen and Markard 2012; Verbong et al. 2013;
Darby et al. 2013; Moura et al. 2013).

Smart grids are defined as upgraded electricity net-
works, which are enhanced with two-way digital com-
munication between supplier and consumer, intelligent
metering and monitoring systems (EC 2011). Such en-
hanced grids enable several applications to improve en-
ergy efficiency (such as monitoring and control applica-
tions) as well as to integrate larger amounts of intermit-
tent, renewable energy sources (via electrical load
shifting, load clipping and electricity storage). Smart
grids are seen as a solution to several interlinked
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problems: ageing infrastructures, the need to decarbonize
the energy system and the reduced availability of
balancing power due to liberalization of the electricity
market (Verbong and Geels 2010). The set of problems
that the smart grid aims to solve are somewhat different in
different countries; moreover, smart grids also feature
prominently as solutions to problems of a common
European electricity market (EC 2011).

While certain elements of a smart grid are already in
place in Europe (Darby et al. 2013), the smart grid as a
comprehensive infrastructure is still more a vision than
reality. This vision is ambiguous and could entail very
different technological and institutional setups (Verbong
and Geels 2010; Foxon et al. 2013). The smart grid is
often referred to as a hype (e.g. Verbong et al. 2013), i.e.
a hyperbolic expectation that has as yet little concrete
foundation. Hyperbolic expectations can serve to attract
the interest of diverse actors (Geels and Smit 2000). Due
to their ambiguity, they can also contain implicit as-
sumptions that have serious real-word consequences:
innovators may take for granted certain future condi-
tions or mechanisms that are not self-evident on closer
analysis (Truffer et al. 2008). Assumptions can also
concern boundaries—who or what is included and
who or what is excluded (Jergensen 2012)—since the
boundaries of energy systems are not self-evident
(Jonsson et al. 2011; Martiskainen and Coburn 2011).

The ambiguity of technological hypes serves a pur-
pose at early stages but needs to be clarified when
concrete investments are realized and competing solu-
tions need to be prioritized (Geels and Smit 2000;
Alkemade and Suurs 2012). Some of the implicit ex-
pectations can be critical for the future of systemic and
infrastructural innovations like the smart grid, but may
require particular effort in order to be made visible. For
example, Verbong and Geels (2010) identified three
alternative pathways for the electricity system, each of
which involves some elements from the smart grid
discourse, but which imply different hierarchies in pol-
icy goals and strategies. Some scenarios maintain the
status quo of incumbent actors, others would extend the
scale of operation to a European Supergrid, while yet
others would decentralize the energy system and prior-
itize local actors. Verbong and Geels (2010) have
shown that smart grid scenarios and pathways have
significant implications for the CO, reductions to be
attained via smart grid investments, as well as for
which actors gain power and profits in the new
system configurations.
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There are already several published smart grid sce-
nario analyses from different countries (Du et al. 2009)
and on a European scale (Verbong and Geels 2010;
Darby et al. 2013). The ongoing transformation of the
electricity system is characterized by so many uncer-
tainties, and the whole field is so fluid and dynamic that
the large number of different players needs some guid-
ance based on organized reflection on potential devel-
opments. This need has motivated various roadmap
projects (e.g. EurElectric 2010; Honebein et al. 2011;
DECC and Ofgem 2014) and scenario projects related to
the smart grid such as the European scenarios developed
by Darby et al. (2013) and the more recent project on the
development of smart grids in the UK (Balta-Ozkan
etal. 2014).

Scenario exercises have sometimes been criticized
for underplaying the contingency and path dependence
of technological system change (Foxon 2013; Foxon
et al. 2013). Yet scenario analysis can also be used to
make expectations, assumptions, system boundaries and
contingencies visible (Truffer et al. 2008). These are
relevant questions from a policy perspective since some
of the expectations underlying smart grid scenarios can
be strategic (i.e. political and serving particular interests)
and some may be implicit (i.e. the actors are not fully
aware of their underlying assumptions). Even though
policymakers often make the final decisions on support
for particular technological solutions, boundaries and
definitions are often made within R&D platforms in-
volving technologists and investors (Alkemade and
Suurs 2012).

In this paper, we conduct a case study of a scenario
development exercise in a particular Danish smart grid
R&D platform called iPower. The Danish case is rele-
vant internationally, since Denmark invests heavily (at
least three times as much as any other European coun-
try) in smart grid research, innovation and demonstra-
tion projects (Joint Research Centre 2014), due to the
large share of wind power in the electricity system. Our
analysis has implications for other countries (especially
those that are at earlier stages in smart grid development
and deployment, see JRC 2014), as it illustrates how
national R&D projects can influence the future pathway
of smart grid investment by including or excluding
particular options. Following Jergensen (2012), we
pay particular attention to definitions and boundaries.
These can be partly strategic, when actors purposefully
aim to reinforce their own position, but they can also be
implicit and shaped by the competencies and
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commitments of the actors involved. A scenario process
in which the R&D platform examines its own relation to
external conditions, i.e. challengers and enablers of its
smart grid project, can help to surface some of the
implicit assumptions and commitments that actors are
not completely aware of. In this way, it helps to make
visible the particular version of the smart grid that this
platform is creating.

Our research question is: What are the explicit and
implicit assumptions underlying the smart grid develop-
ment work and how are the boundaries of the smart grid
system drawn? To what extent can a scenario exercise
serve to uncover these assumptions? Our research ma-
terial draws on a scenario development exercise con-
ducted within the iPower smart grid platform, as well as
a close analysis of the interview and group discussion
transcripts used to develop those scenarios. As compar-
ative data, we analyse other alternative visions for the
Danish energy system. We have used policy documents
to contextualize our case, i.e. to examine what has
happened before and after the scenario exercise that is
our focus of analysis. It is beyond the scope of this paper
to make systematic cross-country comparisons, but we
include a few reflections on the differences between the
issues that emerge in the British and Danish projects,
respectively.

The second section presents the context of the study
and the methods used to produce and analyse the data.
The third section presents the results of the scenario
development process and compares them with other
visions of the future Danish energy system. The fourth
section discusses the results and their limitations, and
the fifth section presents our conclusions and implica-
tions for policymakers developing smart grids and sus-
tainable energy systems in other national or international
contexts.

Methods

We conduct a two-layered case study analysis of the
Danish smart grid research and innovation project
iPower. The primary data for this study consists of
participant observation of—and material from—a pro-
cess to develop strategic scenarios, conducted in the
Danish smart grid research and innovation project
iPower. The first author of this paper facilitated the
process, while the other two authors participated in
analysing the results and the recorded and transcribed

interview material on which the scenario framework is
based, as well as in comparing the scenario results to
visions created by other researchers. We then analysed
these data for implicit and explicit assumptions (Truffer
et al. 2008), with a particular focus on how system
boundaries are defined. Since expectations do not oper-
ate in institutional vacuums, we started by making a
close analysis of the institutional context and immediate
history leading up to the establishment of the iPower
platform.

Context of the study: the smart grid in Denmark

We analyse smart grid scenarios in the context of the
ongoing transition of the Danish energy system. With
current political targets aiming for an energy supply
based on 100 % renewable energy sources by 2050
and 100 % renewable energy supplying electricity and
heat already by 2035 (Danish Ministry of Climate,
Energy and Building 2011), both the supply and de-
mand sides must undergo radical changes. On the sup-
ply side, wind power is emphasized as the main source
of electricity, with the partial aim of 50 % wind power in
the electricity supply by 2020. Coal-fired power plants
are to be phased out by 2030. On the demand side,
especially oil-fired burners are expected to be phased
out by 2030 (Danish Ministry of Climate, Energy and
Building 2011).

The promotion of an intelligent electricity grid had a
real take-off in Denmark in 2010 when both the report of
the Danish Climate Commission (Klimakommissionen
2010) and a specific report on smart grids were pub-
lished (DEA and Energinet.dk 2010). The task of the
Commission was to outline how Denmark could be-
come independent of fossil fuels by 2050 and meet the
target of reducing greenhouse gas emissions by 80 to
95 % compared with 1990—simultaneously with con-
tinued economic growth and increased transportation.
The main elements of the plan are energy savings (par-
ticularly related to housing); a considerable increase in
the use of wind energy for the provision of electricity,
also to be applied for heating and transportation; and the
use of biomass as the most important system backup. In
relation to the electricity system, the Commission first
states that fluctuating wind production calls for both
stronger transmission grid connections to other coun-
tries to export surplus electricity and to import when
production is low, and for the development of energy
storage. But this is immediately followed by a call for a
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more intelligent electricity system where also consump-
tion becomes flexible. The argument is that flexible
consumption will reduce the costs for investments in
grids and production capacity. The Commission sug-
gests that the government should cooperate with the
transmission system operator (TSO) and the distribution
service operators (DSOs) to draw up a plan for the
development of an intelligent energy system.

Also in 2010, the TSO and the Danish Energy
Association published the report Smart Grid in
Denmark (DEA and Energinet.dk 2010) popularizing
the smart grid concept as a shorter and more trenchant
synonym for the intelligent electricity system and elab-
orating the vision. The focus of the vision is flexible
electricity consumption in households. With the increas-
ing amounts of wind-based electricity consumption, it
will be expedient for households to use more electricity
for heating and transport instead of fossil fuels. This
implies an increasing number of heat pumps and electric
vehicles, and in combination with an expected increase
in household energy production (solar panels, etc.), this
will put considerable pressure on the distribution grids.
This challenge can be met either through reinforcement
of the distribution grids or through the establishment of
a smart grid enabling flexible management of consump-
tion. It is repeatedly emphasized that this can be done
without any loss of comfort for consumers.

The argument for the smart grid is that this is the
cheapest and most effective way to upgrade the elec-
tricity system: a traditional extension is estimated to
cost 7.7 billion Danish kroner (DKK) in investments,
while a smart grid strategy is estimated to be more
expensive (investments costs of 9.8 billion DKK), but
simultaneously to involve social benefits amounting
to 8.2 billion DKK. These benefits are derived from
savings on regulating power and reserves (2.4), sav-
ings on electricity production (4.4) and reduced costs
related to the promotion of energy savings (1.4). The
idea is that the benefits can be realized through com-
mercialization so that all actors get economic incen-
tives to participate in the transformation (p. 17). It is
noticeable that the vision concentrates on distribution
grids and household flexibility. Only a small note (p.
11) mentions that the TSO has already concluded that
a smart grid is no alternative to extensions of the
transmission grid.

The DSO perspective in the report is also evident in
one of the two requests to policymakers, namely the
need for regulatory changes to admit DSOs to make
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smart grid investments without running economic risk.
The other request is government support for develop-
ment and demonstration activities—a request that
turned out to be quite successful, as already mentioned.
The need for regulatory changes of the electricity sector
was later explored by a committee established in 2012,
focusing on three goals: green transformation, cost effi-
ciency and competition and consumer protection. The
committee published its report in 2014 (Udvalg for el-
reguleringseftersynet 2014), including suggestions
intended to improve the incentives for the DSOs to
invest and to give them more scope to decide whether
they want to invest in grid reinforcement or smart grids.
The Danish Energy Association took part in the com-
mittee work and generally agreed in the report, but
nevertheless provided a note of dissent regarding several
of the recommendations. It is not yet possible to assess
how the regulation will be changed.

The Danish TSO and the Danish Energy Association
later elaborated and popularized their vision, as can be
seen, for instance, in a video (Energinet.dk 2013; DEA
and Energinet.dk 2012). Here, it is clear how supergrid
elements are combined with the national smart grid
development. The elements include large wind turbines
at sea; strong international grid connections; large flex-
ible power plants based on biomass; large-scale storage,
e.g. related to heat pumps in district heating; the use of
electric vehicles; and local energy production based on
small heat pumps, solar panels and micro CHP. Still, the
vision tends to focus mainly on the transformation of the
electricity grid: although there are links to the systems
related to heating and transport, the interplay between
the systems is not elaborated. As we will return to in the
discussion, this perspective is also challenged, but the
dominant vision that forms the basis for Danish smart
grid activities is this combination of supergrid and smart
grid focusing on the DSO perspective.

These political targets and smart grid visions have
given rise to expectations of (1) challenges at the trans-
mission system level of balancing electricity production
and demand as a consequence of increased fluctuations
in the energy supply and (2) congestion management
and voltage control problems in the distribution grids as
a consequence of increased electrification and
decentralized photovoltaic electricity production.
These expectations appear to be the main driver behind
an ambitious research effort within the smart grid, which
is seen as a part of the solution to these problems by
facilitating intelligent control of decentralized power
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consumption in both the industrial and domestic sectors
(DEA and Energinet.dk 2010).

The iPower project as a case study

Our analysis focuses on the iPower project, which is one
of several Danish smart grid projects. It was launched as
a strategic platform for research and innovation with the
purpose of developing intelligent control of
decentralized power consumption and reducing investor
uncertainty regarding smart grid and flexible consump-
tion solutions. The project runs from 2011 to 2016 and is
developing smart grid technologies for the electrical
grid, industries and residential applications. With 30+
participating organizations from universities and indus-
try, involving more than 190 people, the partners repre-
sent a wide range of stakeholders, including the follow-
ing (see iPower 2014 for the full list):

* DSOs, balance responsible parties and electricity
traders, e.g. DONG Energy and NEAS Energy

* Interest organizations, e.g. Danish Energy
Association

* Companies developing software and hardware for
home energy management and intelligent monitor-
ing and control of distributed energy resources, e.g.
Greenwave Systems, Develco Products, Kamstrup,
Lodam Electronics, Neogrid Technologies, Insero
Software and IBM Denmark

* Companies developing and supplying products that
could become distributed energy resources in do-
mestic homes, e.g. Metro Therm (water heaters and
tanks) and Nilan (heat pumps)

* Companies developing and supplying industrial
products that could become or enable industrial
distributed energy resources, especially cooling fa-
cilities, e.g. Danfoss and Grundfos

» Engineering consultancy companies, e.g. COWI

* Danish and foreign research institutions, e.g.
University of California, Berkeley (USA), National
Consumer Research Centre (Finland), Aalborg
University, Technical University of Denmark,
Kolding School of Design and Danish
Technological Institute

As the reader may notice, the stakeholders in the
project primarily have an interest in a smart electricity
system, while the stakeholders do not include actors
with for instance a gas distribution system focus or even

the Danish TSO, Energinet.dk, having the overall bal-
ance responsibility for both the electricity and the gas
grid. Both the project stakeholders and the original
project application have focused on a smart electricity
system rather than a smart energy system. With this
smart electricity grid focus, the project has been divided
into seven work packages with each their own subfocus
(iPower 2014):

Domestic demand response

Industrial demand response
Distribution grid operation

Control and market operation
Socio-economic and investor evaluation
Consumer behaviour

Information sharing platform

Nk LN =

During 2012, a working group consisting of select
steering committee members and work package leaders
revised the vision and strategy of the project. Among
several consequences of this revision was a decision in
early 2013 in the work package leader group to initiate a
process of developing strategic level scenarios.

Scenario development process

A scenario team consisting of several iPower partners
formulated the purpose, objective and main research
question of the strategic scenario process. The purpose
was twofold: (1) to provide a helicopter-perspective
expert-based strategic communication tool and (2) to
develop a framework for the following quantitative
scenarios for socio-economic and investor evaluation.
With this purpose, the scenario team decided that the
scenario exercise should not focus too much on what
kind of smart grid may be realized in Denmark. Rather,
the focus should be the conditions for realizing a partic-
ular vision or version of the smart grid. The objective of
the strategic scenarios became: “To identify the key
determining factors for the future adoption of smart grid
in Denmark and develop a framework for 2—4 strategic
level scenarios with a time horizon of 2025 (iPower
2013a, p. 5)”.

The methodological approach applied was based
on an analytical, explorative and deductive scenario
development method aiming at developing probable
futures for a problem with a relatively high uncer-
tainty and long-term time horizon. This approach
was originally developed by Rand Corporation in
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the 1950s and 1960s and applied in modified ver-
sions by e.g. General Electric, Shell and Global
Business Network (Andersen and Jergensen 2001).
In brief, the method consists of the following steps
(Andersen and Jergensen 2001; Heijden 1998): (1)
identify key determining factors for the problem
investigated (this includes structural conditions, ma-
jor trends and key events); (2) assess each key
determining factor for (a) significance for the prob-
lem investigated and (b) predictability; (3) link and
group the key determining factors into axes of sig-
nificance for the research question; and (4) provide
intuitive estimates of possible futures based on the
axes.

The methodological approach was modified for the
iPower project setting, characterized by a large pro-
ject consortium with 35+ participating institutions; an
ambition to include all partners in the scenario pro-
cess; and limited resources to conduct the process (as
it was not a part of the original project plan). One of
the partners, the Danish Technological Institute, un-
dertook the assignment of facilitating the process.
This was done by the following activities, all com-
pleted in 2013:

* Feb—May: Trend research, development of inter-
view questionnaire and preliminary expert
interviews.

* May: Focus group interviews with all work pack-
ages at a project consortium meeting. The focus
groups all consisted of interviewees from the same
work package interviewed from the same open-
ended questionnaire for 1 h.

* June-Aug: Information processing and internal
reporting of identified key determining factors.

*  Sep—Oct: A scenario development team was consti-
tuted by a select team of nine iPower participants,
who prepared and conducted a scenario framework
development workshop. The workshop participants
agreed upon a draft of the two chosen axes, includ-
ing the encompassed factors in each axis.

* Nov: Presentation of results at the iPower consor-
tium meeting and incorporation of comments into
the final deliveries: an internal report and a public
flyer (iPower 2013a, b, respectively).

This process enabled the initial scenario development

questions to be answered by approximately 80 partici-
pants in the iPower platform.
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Analysis

The interview material, documents and the inputs and
outputs of the scenario process were analysed using
qualitative classification. All documents and interview
transcripts were reviewed with a focus on similarities
and differences in (1) definitions of the smart grid; (2)
interpretations of drivers, supporters, competitors, de-
layers and barriers to smart grid adoption; and (3) un-
derstandings of which technologies, actors and institu-
tions are considered as being within and which are
considered as being outside the smart grid vision.
Finally, the definitions and boundaries developed within
the iPower platform were compared and contrasted with
other influential visions of the future Danish energy
system, identified with a literature search.

Results

Several insights were obtained throughout the iPower
interviews, of which selected results are presented in this
section. To frame the presented insights, one important
perspective is that among the participants of the iPower
platform, there was no clear, unanimous definition of
smart grid. When prompted by the initial question what
is your definition of smart grid?, the members of one
work package answer they use the definition provided
by the European Smart Grid Platform. Discussions in
other work packages circled around an integration of
production and demand of electricity. This illustrates the
complexity of the Danish smart grid vision, which is
more complex than e.g. existing demand response
programmes in the USA, where event-based peak load
reductions from large-scale consumption units occur
only a few times a year (Harbo et al. 2013). The
Danish vision is more extensive, including aggregation
and trading of flexibility from large to small consump-
tion units on the electricity markets in a more continuous
manner.

Based on analysis of the interview material, the sce-
nario team identified the following types of key deter-
mining factors for the adoption of smart grid in
Denmark (iPower 2013a, b):

* Drivers, which themselves may drive the adoption
of smart grid in Denmark.

*  Supporters, which may support primary drivers to
ease or accelerate the adoption of smart grid.
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* Competitors, which may deteriorate the smart grid
business case.

* Delayers, which may slow the adoption of smart
grid.

» Barriers to smart grid adoption were not found, as
the analysis labelled them as either competitors or
delayers.

In the following section, key factors are described
based on the data material from iPower (2013a, b). The
reader may notice counterarguments exist in different
sections, which in most cases are due to the categoriza-
tion into the above factors.

Drivers

Across all the interviewees, there was broad consensus
that two primary factors are driving the smart grid
development in Denmark: (1) increased integration of
renewables in the energy supply and (2) expectations of
business possibilities leading to growth for Danish com-
panies. The first driver originates in the political ambi-
tions for a transition to an energy system supplied en-
tirely by renewable energy sources. The iPower partic-
ipants perceive the underlying motivation for these am-
bitions to be a combination of a transition to a low-
carbon society and independence of fossil fuels
imported from politically unstable regions or powerful
associations with influence to monopolize the markets.
The challenge in creating this driver is that the increas-
ing amount of renewables (primarily centralized wind
power) supplying the electricity grid will result in a
highly fluctuating electricity production, introducing
new needs for services to balance production and con-
sumption. At the same time, increased electricity con-
sumption of an electrified transport sector and domestic
heat pumps combined with decentralized photovoltaic
electricity production will challenge the voltage control
and introduce congestion management problems in the
distribution grids.

It is the desire to reduce CO,-emissions and to
become independent of the OPEC-nations and oil,
that makes us go for renewable energy, [...] this
drives us into wind turbine based electricity pro-
duction [...]. The socio-economic best thing to do
with the electricity produced by wind is to con-
sume it ourselves, rather than sell it to Germany
and other places. Then we have to invent these

devices to use the electricity. Electric vehicles and
heat pumps changes [consumption] from a petro-
chemical sector to an electricity sector, they need
the electricity produced by the wind turbines [...].
Here comes the problem: All these new consump-
tion devices create some [consumption] fluctua-
tions we can’t deal with, and they create some
expensive grids, where we have to make invest-
ments. [...] We simply need the customers as
partners in the future, to consume the energy when
it is produced.—WP6 participant

The second driver regarding business potential for
Danish companies appears to represent two viewpoints:
(1) that we must invest heavily in smart grid develop-
ment and demonstration in Denmark to establish an
exemplary home market as a basis for export and (2)
that the participating companies in iPower already see
business potentials or perhaps even already export smart
grid technologies to other markets with weaker grids
than Denmark and therefore represent a better business
case for technologies for intelligent control of
decentralized power consumption. This driver appears
to be the main driver behind industry investments so far,
but it does not in itself improve the business case for a
market of flexibility services in Denmark.

Supporters

Several supporters for smart grid development were
identified. These represent technologies, tendencies,
motivational factors, etc. that provide opportunities to
ease the introduction and adoption of flexible consump-
tion and smart grid technologies. The supporters cannot
themselves drive smart grid adoption in Denmark but
may provide varying opportunities to support the adop-
tion. They range from energy efficiency initiatives over
increased ICT penetration to increase in comfort and
other non-monetary value creation opportunities.
Energy efficiency is considered a supporter by the
iPower participants, as it may provide a beachhead for
introducing smart grid technologies and flexible con-
sumption. Energy efficiency initiatives and technologies
are known and to a certain extent requested among both
industrial and domestic consumers. By offering a com-
bined programme of energy efficiency initiatives and
flexible consumption solutions, more consumers may
buy into flexible consumption. Especially for the private
consumer, for whom it is difficult and/or irrelevant to
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distinguish between savings from lower energy con-
sumption or consuming at the right times, a bundling
of energy efficiency and flexible consumption is expect-
ed to make sense, especially if it does not lead to loss of
comfort.

I think there are energy efficiency possibilities
compared to how a heat pump is operated today.
It may be a good business for people to get some
surveillance [on the performance of the heat
pump] set up, and then there’s sort of established
a beachhead to start [external] control, because the
signal back and forth is already established. At
first, the owner gets an opportunity for optimizing
the heat pump, which holds some value in its
own.—WP6 participant

The increased penetration of information and com-
munication technologies (ICTs) was also considered as
an important supporter for the adoption of smart grid.
By relying on existing and already adopted platforms in
both industry and domestic homes, ICTs were expected
to drive down development costs and reduce the need
for investments. Furthermore, utilizing well-known
platforms was expected to ease the introduction of tech-
nologies to facilitate and manage flexible consumption.

Key players — telecom companies, TDC, Telenor
— are entering this field right now. From TDC
[Danish telecom provider, offering entertainment
services via the telecom subscription] you can buy
a package with burglar alarm, also containing an
app for smartphone, where you can turn plugs on
and off. They also have a gateway. It’s very easy to
build upon such a system. For instance demand
response.—WP1 participant

An open platform for new services was brought up as
a supporter—or almost as a prerequisite—by several
interviewees. Apart from containing the standards for
communication protocols, etc. to prevent proprietary
solutions developed in silos from dominating the mar-
ket, the platform was described as a means for lowering
entrance to the smart grid market by allowing
technology-developing companies, fleet operators,
aggregators and the like to develop competing solutions
for the same platform. Several interviewees described it
as the app store for smart grid solutions with references

! See http://www.greenbuttondata.org/, last observed May 8, 2014

@ Springer

to both Apple’s App Store and the American Green
Button initiative,' which enables electricity customers
to securely download their own energy usage informa-
tion from their utility and apply it to a range of web and
smartphone tools to make more informed energy
choices and procure tailored services.

It is very important to have an open platform for
communication. It is important to have new ser-
vices to customers — and it is closely related to
having standardization: an open
architecture.—WP2 participant

The iPower participants brought up various non-
monetary value creation opportunities as means for
improving the smart grid business case(s) and thereby
supporting adoption. These opportunities are closely
related to the green transition driver, although more
conventional business ideas of comfort and conve-
nience, related to the ambiguous smart home concept,
also appeared.

Regarding the industrial consumers, non-monetary
value was expected to derive mainly by catering to
corporate social responsibility initiatives, for instance
by reducing electricity consumption at times when
CO, emissions from the electricity mix is high.

For us there is also value in regards to the whole
CO, footprint area that we work with. So technol-
ogy that can reduce that is important. At the mo-
ment you cannot reduce the CO, footprint by
buying electricity from a windmill for example.
It is only in that way you manage your
energy.—WP2 participant

For the domestic consumers, some of the non-
monetary value creation opportunities identified ranged
from offering smart grid solutions in combination with
convenience products to offering the consumer a way to
do the right thing for the environment as well as society,
either as an individual or collective effort. These value
propositions may be amplified by co-ownership of dis-
tributed energy resources and by diffusion through so-
cial media.

It has turned out this environmental driver is pretty
strong among the population. This [smart grid]
could be something which creates a renewed con-
sciousness about renewable energy and CO, emis-
sions [...] Maybe we can create a popular
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movement to save the planet—it’s big words we’re
using now right>—WP6 participant

Responsible behaviour might also be encouraged
through gamification, thus stimulating people’s playful-
ness and creating lasting incentives for flexible
consumption.

There’s also an opportunity in the penetration of
handheld devices and mobile units, which makes
boring things like energy efficiency in your own
home or interacting with the grid easily accessible
in some way, where it stimulates your playfulness
— and people are playful. But to make it so it really
works and is exciting for a longer period of time, I
don’t know about that—WP6 participant

Competitors

Many iPower interviewees expressed skepticism as to
whether there is a business case for the smart grid in
Denmark.

The engineering part of the smart grid gets a lot of
attention, but what about the socio-economic as-
pects? I doubt if the economic side is even there.
So the problem is whether just to install smart grid
technologies and get a system that functions well
or only install smart grid to the amount where the
business side is still there?—WP5

The smart grid business case has been further speci-
fied as to whether flexibility services can compete with
alternative solutions on the electricity markets to solve
the expected balancing and congestion management
problems caused by the green transition to renewable
energy sources. The identified competitors therefore all
offer alternatives to flexibility services on the electricity
markets and risk deteriorating the business case for
flexibility services. These competitors do not compete
with e.g. manufacturers of heat pumps or smart home
technologies often associated with smart grid, unless the
business case of these technologies depends solely on
selling flexibility services, which would be the case for
an aggregator only trading with flexibility services. The
identified competitors are related to the problems they
solve for the existing actors in the electricity grid:

* The TSO can increase energy exchange capacity
with neighboring countries to balance production

and consumption, and exchange capacity is expect-
ed to increase. However, this path also faces limita-
tions due to the lack of capacity in the German grid,
due to shared weather conditions with Northern
Germany and due to increased demand for the lim-
ited supply of hydropower and nuclear power in
other countries.

e The TSO can buy ancillary services from central
power plants to balance production and consump-
tion. Presently, the capacity is expected to decrease,
but political intervention may change this trend by
making it profitable to ensure backup capacity or by
providing it from publicly owned facilities.

* The DSOs can reinforce the distribution grids to
increase capacity and avoid congestion management
problems. Especially in Denmark, DSOs consider
this a viable option, as the distribution grid is very
well developed.

» Large-scale energy storage and smart energy tech-
nologies, enabling efficient conversion between en-
ergy forms, may be used as alternatives to flexibility
services in the longer term. Although the smart
energy approach now receives a lot of research
attention in Denmark, the scenario team has evalu-
ated these competitors to be of less importance in
2025, which is the selected time horizon.

Initially, the competitors were interpreted by the sce-
nario team as barriers to the adoption of smart grid in
Denmark, due to many critical statements from the
iPower participants, e.g.:

With a scenario with a lot of wind energy there
should be more value also for consumers [...] But
the problem is the connection to Norway, which
will make the value and the point of Smart Grid
less worthwhile—WP4

Subsequent discussions in the work package leader
group clarified that these barriers were equally impor-
tant partial solutions to the problems that smart grid may
contribute to solve, wherefore the barriers were later
defined as competitors to flexibility services provided
by smart grid technologies.

Delayers

According to the scenario analysis, the most important
factor delaying the adoption of smart grid in Denmark is
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that the problems that the smart grid is trying to solve
have not yet emerged. Denmark has a very well-
developed electricity grid with extensive connections
to neighboring countries, as well as a distribution grid
with ample capacity. The penetration of heat pumps and
electric vehicles has not occurred as rapidly as antici-
pated, thus postponing the congestion management and
voltage control issues in the distribution grids.
Furthermore, the solar PV expansion has not challenged
the distribution grid as expected. The further penetration
of these technologies has proven very hard to predict,
and as the penetration until now has been lower than
predicted, expectations for the actual arrival of the prob-
lems—and thereby the business case for flexibility ser-
vices—have significantly decreased. On the transmis-
sion system level, Denmark has recently achieved a new
world record by having 57.4 % of the electricity supply
covered by wind power throughout December 2013
(DR 2014), handled with the traditional balancing
means of electricity trading with neighboring countries
as well as ancillary services from central power plants.

[...] we don’t really have the problems that we are
talking about.—WP3 participant

From the perspective of the normal Dane, we have
a smart grid: when I push the button I have the
light. Quite smart. Why change that?—WP1
participant

A delayer related to both the above-described lack of
problems and the competitors is the challenge of estab-
lishing the roles and business cases of all the different
actors in the smart grid, especially in the startup phase.
Both existing and new actors are taking part in the
development of the system with expectations of a
(high) return on investment, but interviewees argue that
there is too little value in proportion to the amount of
investments needed to build a market with all its existing
and new actors. Examples of these new actors include
the aggregators, who aggregate the flexible consump-
tion from smaller distributed energy resources and bid
them into a market of flexibility services, demanded by
the TSO, the DSOs and the balance responsible parties.

On top of this, some participants pointed out that
regulation and market design is lagging behind. The
rules and regulations on the electricity markets seem to
favor larger and more complex technical units, with
examples given such as the 10-MW minimum bid size
to enter the regulation power market, which excludes
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bids from all but the most aggregated of the smaller
units. Furthermore, the lack of variable time-of-use tar-
iffs provides little incentive for flexible consumption, as
the electricity price paid in Denmark primarily consists
of tariffs.

One of the problems is that when you look into the
things you need to be able to handle — all the rules
and regulations are written for big power plants. It
is necessary to change the rules and regulations to
match the new circumstances. And it shouldn’t be
the same rules for all — for big and small
players.—WP2 participant

A further unresolved problem was identified that
limits the possibilities for DSOs to invest in flexible
consumption rather than grid reinforcements: Dynamic
tariffs, varying in both time and place, will discriminate
the customers by increasing the price in one geographic
area with capacity problems, but not in neighboring
areas without capacity problems, contrary to existing
tariff rules.

Lack of standardization frameworks and communi-
cation standards were also brought up as something that
may delay the adoption of smart grid. With examples
given such as the IEC 68 150 aiming at substations,
standards seem to favor larger and complex units, as the
technical implementation of IEC 68 150 is so complex
that it is almost impossible in consumer products such as
PV inverters and heat pumps. Standards for smaller units
are under development but not yet fully ready for im-
plementation. Proprietary solutions may circumvent this
but will on the other hand impede competition and drive
up costs.

Standardization within this industry takes forever.
If you compare to what is happening to internet,
you know, a new standard will establish itself
within a few months or half a year, maximum.
Within the smart grid, it takes 5+ years to get it
through the standardization organizations.—WP1
participant

Security and reliability issues were also mentioned as
possible delayers. From an industry perspective, the
core function, quality and planned deliveries of the
electricity-consuming processes cannot be compro-
mised by selling flexibility services, especially if the
business case for selling flexibility is relatively low.
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From a domestic perspective, the reliability of house-
hold chores cannot be compromised and the billing
based on smart systems must be meticulously correct.
From a grid perspective, the traded flexibility services
must be delivered as promised, or the resulting
balancing or voltage control problems may result in
penalties from other actors in the grid and/or even
black-outs.

Who should pay for the imbalances in the system?
Who takes on the cost? Consumers, aggregators,
government or somebody else? Is it a question of
who has the responsibility?—WP1 participant

In continuation to the above concerns, none of the
(industrial) companies among the project partners
expressed interest in developing, owning and managing
the platform for new smart grid services, brought up as a
supporter for smart grid (see “Supporters” section). The
companies were reluctant to take the responsibility for
the quality and reliability of the products and/or services
launched by other actors through this platform. This
dilemma of open vs. closed platforms has previously
been identified by e.g. Giordano and Fulli, who claim
that “platform owners might need to exert regulatory
control of the platform” since “When no control is
exerted, degradation of the platform may arise as a
consequence of low quality services provided by unde-
sired platform participants, cyber-security threats etc.”
(Giordano and Fulli 2012, p. 258).

Furthermore, the ambiguous definition of the Danish
smart grid initially described at the start of this section
could pose a delayer in itself. When smart grid is per-
ceived as a relatively unclear but very extensive system
solution with a multitude of actors, technologies, prod-
ucts and services all integrated and heavily dependent
on each other, the development and adoption are ex-
posed to a chicken and egg dilemma: Which elements of
the system must be defined, developed and implement-
ed first, and how can they be implemented on commer-
cial terms if they depend on yet-to-come conditions? To
several interviewees, it seems as if the Danish smart grid
is all or nothing.

The scenario framework

After evaluation and linking of the key determining
factors, the scenario development team developed a

framework for analyzing the conditions for the future
smart grid development (Fig. 1).

The horizontal axis green transition and increased
electrification is an expression of the number of chal-
lenges that the smart grid may contribute to solve. The
axis is primarily based on the integration of renewables
in the electricity supply and electrification of the de-
mand side, including the following factors: expansion of
renewable wind power and solar panels, penetration of
electric vehicles and heat pumps and carbon price
changes (factor added at the scenario development
workshop).

The vertical axis smart grid readiness is an expres-
sion of how conventionally or smartly Denmark
chooses to solve those challenges: In the conventional
manner, the Danish energy system may balance with
electricity exchange and ancillary services from central
power plants and avoid congestion management prob-
lems with reinforcements of the distribution grids. In the
smart manner, there is a greater utilization of flexibility
services from decentralized electricity consumption
units to solve those challenges. Factors included in this
axis are all the competitors: TSO balancing via interna-
tional electricity trading and centralized power plants
and DSO grid reinforcements instead of congestion
management. Smart energy and large-scale energy stor-
age are however not considered important for the time
horizon of these scenarios, as storage technologies and
electricity-to-gas technologies were evaluated by the
scenario team as too cost-inefficient or immature to play
a significant role by 2025. The following supporters are
also included: integration of energy efficiency and flex-
ible consumption; non-monetary value creation (envi-
ronmental and comfort aspects); and increased penetra-
tion of ICT and open platform(s) for new services.
Furthermore, the axis encompasses the following de-
layers: lack of smart-grid-ready rules and regulation,
lack of open communication standards and security
and privacy issues.

The original iPower vision is located in the smart
green quadrant and is thus dependent on a combination
of continued green transition and electrification com-
bined with a greater utilization of flexibility services
rather than conventional means for balancing and con-
gestion management. The scenario team outlined a
series of indicators for each quadrant, concerning
both key events, which indicate which future the
development may lead to, but also containing charac-
teristics of each possible future:
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Fig. 1 A framework for

o

analyzing the conditions for the NS
future smart grid development 9 A
& P £ & iPower
]
@
Smart Black - Smart Green

]
]
£
(7}

Smart green: The smart green quadrant is charac-
terized by underlying factors such as continued
concern for the environment combined with con-
tinued high ambitions to develop and integrate
smart solutions. Key events include political
adoption of ambitious European 2030 targets, an
international climate agreement and continued
support to the current ambitious Danish climate
and energy targets. To improve conditions for
smart solutions for the challenges posed by enact-
ment of these political targets, smart grid stan-
dards and variable tariffs are implemented.
These initiatives enable the TSO and the DSOs
to utilize flexibility services for balancing and
avoiding grid reinforcements, thus developing a
market where multiple aggregators trade flexibil-
ity from large and small DERs. Whenever indus-
trial or domestic consumers invest in new
electricity-consuming devices, they are smart by
default.

Conventional green: The conventional green quad-
rant is indicated by similar continued environmental
concern, while the ambitions for smartness are low-
er, instead relying on conventional strategies for
solving the challenges caused by the green transi-
tion. Politically, the targets for the green transition
remain high, but smart grid standards and support
schemes for flexible consumption favor larger,
semi-decentral DERs, with few aggregators
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Conventional Black
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Green Transition & Increased Electrification

Smart Grid Readiness

focusing on larger DERs, while industry and domes-
tic consumers go for conventional energy efficiency
rather than consuming electricity flexibly.

Conventional black: The conventional black quad-
rant is characterized by a reduction in the political
energy and climate targets of both the EU and
Denmark, maintaining status quo for the Danish
electricity grid, which easily handles fluctuations
from renewable energy as well as a minor electrifi-
cation of the demand side with conventional strate-
gies. Therefore, no need for flexibility services will
emerge and no political support schemes will be
adopted to improve the conditions for smart DERs.
Smart black: The smart black quadrant emerged as a
rather surprising result of the process of combining
the axes. Driven by export potential to other regions
with other drivers for a smart grid, ambitions remain
high to develop smart solutions, while reduced con-
cern for the environment leads to a significantly
reduced business potential for flexibility services in
the Danish electricity grid. Smart grid standards are
developed and implemented by standardization or-
ganizations (because they are needed in other re-
gions with other smart grid drivers), while only the
largest and most flexible DERs are aggregated and
bid into the existing electricity markets in Denmark.
The industrial consumers go for energy efficiency
rather than flexible consumption, although they uti-
lize smart technologies to achieve a higher energy
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efficiency as well as greater efficiency in their work
and production processes. The domestic consumers
go for a smart home—not for selling flexibility
services, but for energy efficiency and comfort pur-
poses (iPower 2013a).

The relevance of the scenario axes can be further
examined through a comparison with other similar sce-
nario exercises. One such exercise, using a similar meth-
odological approach, was conducted by the Danish
TSO, Energinet.dk, which is not among the iPower
partners. These scenarios took departure in the key
challenge: There is a range of factors that influence
Energinet.dk’s investments in the electricity and gas
grid. How will these factors develop from today until
2030? (Energinet.dk 2007, p. 10). One of the axes in this
project was once again the green transition, in this case
more broadly expressed as whether environmental con-
cerns will become/remain a high or low priority. The
other axis was selected to indicate whether Denmark
would be internationally or non-internationally oriented.
This emphasizes the importance of whether Denmark
will become and/or should be self-sufficient in the sup-
ply of energy, which for instance will have large impli-
cations on the smart grid competitor balancing via
international electricity trading, as identified in the
iPower scenarios. With Energinet.dk’s scenarios being
developed by the Danish TSO, the emphasis on self-
sufficiency reflects one of the primary options the TSO
has today to balance production and consumption. The
iPower platform on the other hand has the purpose of
reducing investor uncertainty regarding technologies
enabling intelligent control of decentralized power con-
sumption. Taking departure in a hypothesis that smart
grid, including a market of flexibility services, has a
good business case, it therefore made better sense to
the iPower scenario team to emphasize smart grid read-
iness as the other main factor to take into account.

Other research communities have worked on visions
that share some of the elements (Kwon and Ostergaard
2012) but also suggest different paths for the develop-
ment of the energy system, where the interplay between
systems is more in focus. Increasingly, these visions are
referred to as smart energy rather than smart grid (e.g.
Lund et al. 2012). A key rationale of these visions is that
it is better to use Danish wind energy at home instead of
engaging in large-scale trading in electricity. The trading
is not so beneficial, because the price of electricity is low
when it is windy, so the large investments in

international connections are better used for developing
smart energy systems that can increase the value of
wind-based electricity. This requires more attention to
the integration with the use of the gas grid, the use of
large heat pumps in district heating, more uses of elec-
tricity in the transport sector and considerably more
focus on energy savings. There is also more focus on
the need for mobilizing public support, for instance,
through co-ownership of wind farms. Households need
to be more actively engaged. In addition, questions
regarding ownership are critically examined: backup
capacity could be organized as public ownership. This
alternative green vision, which is not conventional but
not purely based on flexible demand, is not explicitly
included in the iPower scenario framework.

Implicit expectations revealed by the iPower scenario
exercise

The scenario process identified key drivers and sup-
porters of the smart grid development. It also served to
show how further development is conditional on the
continuation of these drivers and supporters. These in-
clude the continued increase in the penetration of inter-
mittent renewable energy sources and the global busi-
ness potential for smart grid solutions (which however
depends on the emergence of relevant references from
the domestic market, which in turn is slow to develop).
Energy efficiency was identified as an important beach-
head for a flexibility market, and continued ICT pene-
tration, open ICT platforms and voluntary green initia-
tives by companies and citizens were identified as key
supporters.

The scenario process also highlighted several com-
petitors, which could jeopardize a business case for
flexibility services, such as the supergrid, conventional
centralized ancillary services, reinforcement of the dis-
tribution grid and potential developments in electricity
storage or conversion to other energy sources. The iden-
tification of the conditionality of the smart grid on
certain supporters also helped to articulate delayers of
the smart grid development, including a slower-than-
expected diffusion of end-use equipment demanding or
facilitating increased flexibility. The relatively small
financial value inherent in the flexibility market was
also identified as a delayer. Additionally, several barriers
in the regulatory system and existing standards, which
favor large-scale solutions, were identified as delayers.
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Table 1 shows our analysis of the explicit and implicit
inclusions and exclusions concerning the scope of the
research, development and demonstration conducted in
the iPower platform. Explicit (row 2) refers to bound-
aries and distinctions that were articulated from the start,
e.g. in the iPower White Paper, whereas implicit (row 3)
refers to boundaries and distinctions that were not artic-
ulated. Implicitly, the iPower platform built on assump-
tions concerning a business case, the future need for
flexibility and the existence of an export market in
countries with less stable distribution grids. Yet these
were shown to involve some assumptions that turned up
to be problematic. The most important of these was the
assumption that a societal business case can be turned
into a business case for private investors—in particular,
if the market for flexibility is limited and there are
several solutions competing for a limited market.
Another is the time dependence of the smart grid: flex-
ibility was expected to become necessary in the future,
but not yet—and perhaps not even in the future if
competing solutions arise. A third was the need for
domestic references in order to convince export markets,
where there might be a stronger demand for smart grid
technologies than in Denmark.

Table 1 Explicit and implicit inclusions and exclusions in the
scope of the iPower platform revealed by the scenario process and
comparison with other visions for the future energy system

Inclusions (issues
perceived of as
within the scope
of the smart grid)

Exclusion (issues
perceived of as

outside the scope
of the smart grid)

International trade
in electricity

Explicit Drivers: increased
penetration of renewables,
global business potential Balancing via
for smart grid solutions centralized power

Supporters: energy efficiency, plants
continued ICT penetration, Grid reinforcements
open ICT standards, Centralized energy
voluntary “green” storage
initiatives by citizens
and companies

Implicit Equation of societal
benefits with private
business case

Future need for a flexibility
market to avoid future
distribution grid
reinforcements

Denmark as a leader
in export markets

“Smart energy”:
decentralized energy
storage, conversion
of electricity to other
energy sources
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The scenario exercise also rendered explicit some
implicit exclusions, which became even more visible in
comparison with alternative scenarios by other research
groups. In the iPower scenario process, the discussions on
the definition of the smart grid revealed that several
participants considered the smart grid vision as a step in
a longer transition process towards a smart energy sys-
tem. It was argued that the focus on the electricity grid
would have to be extended to include the integration with
the gas grid, district heating and transport—more than has
been the case until now (cf. Lund et al. 2012). Our
analysis shows that the boundaries of the smart grid were
initially drawn around the electricity system, whereas
there is increasing pressure beyond the iPower platform
to draw a broader boundary including the entire energy
systems (smart energy). Indeed, this distinction between
the electricity system and the wider energy system might
become blurred in the future if heating and transport
become powered by electricity.

It is important to note that some of the ambiguities
inherent in iPower derive from the original definition of
the smart grid in Denmark (DEA and Energinet 2010).
This definition includes links to the systems related to
heating and transport but does not elaborate on them,
even though a background report (EA Energianalyse and
Rise DTU 2009) emphasized the socio-economic bene-
fits of using more wind energy within the Danish borders.
When wind energy is plentiful, electricity prices are low,
sometimes even negative. From this perspective, it might
be better to invest more in systems that use wind energy
nationally even outside the electricity system, rather than
giving priority to large investments in international con-
nections. But for the TSO and the largest and most
dominant DSOs and electricity traders, international in-
tegration may open more tempting possibilities for ex-
pansion, and furthermore, the idea of an integrated and
liberalized European electricity market attracts political
support. Moreover, in the original definition of the smart
grid in Denmark (DEA and Energinet.dk 2010), the term
business case is applied both as a socio-economic per-
spective and as a private business perspective: the two are
simply considered to be synonymous. Although the for-
mulation of the iPower platform was strongly related to
DSO interests and focused primarily on developing tech-
nologies and business models to enable flexible demand,
some of the participants in the scenario process actively
questioned some of the basic assumptions underlying the
vision. This is because the iPower project was formulated
in 2010, and external conditions had changed since then.
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Discussion

We have shown, through an analysis of the iPower
platform and comparison with other Danish visions of
the future energy system, how actors in the smart grid
arena build on and propagate several explicit and im-
plicit assumptions (cf. Truffer et al. 2008) about the
smart grid of the future. Although the original proposal
for the iPower project included a brief definition of the
smart grid, focusing on production-controlled demand,
it is interesting to note that there was initially no shared
definition of the smart grid across the platform, probably
due to the complexity of the Danish smart grid vision,
interpreted by the diversity of the participating members
ranging from large industrial companies to SMEs, in-
cluding the DSOs as well as electrical engineers, social
scientists and others. This finding concurs with obser-
vations by Balta-Ozkan et al. (2014) and thus reinforces
an emerging view that expectations towards the smart
grid can be both diverse and quite ambiguous.

From the perspective of expectation dynamics
(Truffer et al. 2008; Alkemade and Suurs 2012), our
analysis shows that the Danish smart grid vision has
been successful in the sense that the actors succeeded in
gaining public funding for exploring the vision further.
To function, a vision has to be acceptable for different
interests. This implies that some contradictions and
dependencies on external developments are glossed
over. Hence, visions and hyperbolic expectations about
smart grid developments can be said to serve as aligning
devices that reflect various interests, especially of pow-
erful and important groups for innovation, although they
might be contradictory. The smart grid is naturalized as
the obvious solution to various problems, yet at the same
time, this seemingly dominant solution is highly ambig-
uous and its materialization is dependent on certain
surrounding conditions. The actors’ awareness of sever-
al challengers suggests that the naturalness of smart
grids is contested even within the smart grid community.
As Geels and Smit (2000) cautioned, there comes a
point in the innovation process when ambiguous expec-
tations need to be clarified, concrete investments need to
be prioritized and competition among different solutions
becomes visible.

Our analysis of implicit and explicit assumptions
shows that projects like iPower define the boundaries
of the smart grid in ways that support particular institu-
tional and ownership strategies. When the boundaries of
the smart grid are defined narrowly around the power

grid, other actors are excluded. This does not necessarily
stop them from developing their own solutions in par-
allel. In Denmark, other actors related to the supply of
heat, electrical cars and local zero-energy solutions have
been active in developing district heating systems, bio-
gas, co-generation, alternative transport solutions and
supply networks as well as local, semi-decentralized
heat pump and solar systems. New forms of distributed
ownership may be part of the conflicts over system
boundaries, since the electricity companies might not
have an interest in heating systems or reservoirs, in
which local or regional actors are keen to invest in order
to reduce costs and electricity consumption (Lund et al.
2012).

Our analysis suggests that the type of scenario anal-
ysis conducted in the iPower project can offer valuable
insights for large R&D platforms and smart grid devel-
opment efforts more generally. The initial Danish vision
(DEA and Energinet.dk 2010) was suggested many
years before the need for that vision will actually arise,
i.e. many years before the amount of fluctuating energy
sources, electric vehicles and heat pumps actually start
challenging the grid and therefore create the need for the
vision to materialize. Our analysis shows that when such
visions are mobilized in order to align interests to a
certain line of development, their time dependency
needs to be considered. In some cases with long time
horizons, one vision may not suffice or may even result
in the activation of challengers to the vision.

While the iPower scenario process served to surface
some implicit assumptions and exclusions, a cross-
country comparison might highlight further issues that
might be overlooked in national smart grid development
platforms. For example, Balta-Ozkan et al. (2014) report
on a comprehensive UK smart grid scenario project
including a literature review (Xenias et al. 2014) and
using a variety of qualitative and quantitative methods.
It is beyond the scope of this paper to summarize the UK
scenarios, but it is interesting to compare the issues that
are dealt with in this project with those in our study.
There are many similarities in the identification of
drivers, supporters and critical issues, but some differ-
ences can be found. First, as a natural consequence of
the UK being a much larger country than Denmark,
there is more discussion on spatial variation with regard
to the implementation of the functions of the smart grid.
Second, distributional impacts are highlighted in the UK
while they are nearly absent in the Danish material. It is
argued that “the distribution of benefits is unlikely to be
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uniform within and across different geographical
settings” (Balta-Ozkan et al. 2014: 3), and it is consid-
ered important to ensure more equitable outcomes. The
difference can relate to the fact that inequalities are more
pronounced in the UK and energy poverty is widely
discussed, but it can be argued that distributional issues
ought to become more prominent in the Danish context,
because the combination of privatization and the smart
grid makes some consumers more useful to electricity
companies than others and thus encourages less equita-
ble outcomes. Third, the process of privatization and
liberalization of the electricity sector started much ear-
lier in the UK than in Denmark, and for the distribution
network operators, the regulatory framework has
rewarded gradual increases in efficiency rather than
innovation, resulting in a dramatic fall in research and
development and a skills shortfall in the sector. For the
promotion of the smart grid agenda, there is much focus
on the need to change this situation—a point that may
serve as a relevant warning in a Danish context.

There is hence much scope for further research. Our
analysis highlights some of the benefits and limitations
of a scenario exercise in exposing implicit expectations
and questioning system boundaries. Further work is
needed to make scenarios more helpful for this kind of
reflection. Scenario processes might have different out-
comes in different settings or using different methods.
For example, one avenue for further research considered
in iPower is to quantify the scenario drivers, which
might render potential competition among solutions
more visible. Within iPower, further work is underway
to conduct socio-economic investor evaluations on the
basis of the scenario analysis.

Further limitations and research needs ensue from
our particular perspective, which is informed by the
literatures on expectations in innovation (Geels and
Smit 2000; Borup et al. 2006; Truffer et al. 2008). One
potential avenue could be to compare and combine this
analysis of the actors’ expectations more systematically
with techno-economic analyses of the future electricity
and energy system. Our analysis highlights problematic
areas that might be overlooked in the initial smart grid
hype, for example, the basic smart grid coordination
problem: there are multiple actors involved, and those
who have to make investments are not necessarily the
same actors who will extract value from the invest-
ments. Further research is needed to identify in detail
how this problem could be mitigated within the different
institutional and regulatory regimes existing in Europe.
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Similarly, we have highlighted competition for the mar-
ket for flexibility services as a major concern for smart
grid investment. Further research might quantify the
relationship between flexibility and electricity conserva-
tion in influencing total energy demand, or the relations
between centralized and decentralized power production
(cf. Bolton and Foxon 2011) in various smart grid
configurations.

Conclusions and policy implications

Our findings show that the smart grid hype embodies
several implicit expectations that guide initial research
and investment and attract companies to the field, as
evidenced by the wide membership of the iPower plat-
form. A scenario process such as that demonstrated in
the case of the iPower project can serve to articulate
some of these implicit assumptions and help actors to
navigate the ongoing transition. Researchers and busi-
nesses working to create the smart grid need to under-
stand competitors and delayers, and a scenario process
can help to articulate the conditionality of the system
that participants are building. However, researchers and
businesses with a commitment to certain technologies
might not be eager to question some of the assumptions
underlying their work, because the ambiguity of smart
grid expectations also serves to legitimate existing
courses of action and to align the interests of divergent
actors. Hence, their R&D work may create implicit
boundaries vis-a-vis other relevant technologies and
may struggle to question certain underlying assump-
tions, such as the equation of the societal benefit and
entrepreneurial business case in the case of the Danish
smart grid vision.

Policymakers play a key role in the shaping of the
future smart grid. They fund research and development
platforms and shape expectations through policy papers,
regulations and incentives. On the basis of our analysis,
European policymakers might consider how their (in-
tentional or unintentional) choices serve to create or
maintain certain boundaries for the European smart grid
development: for example, an exclusive focus on elec-
tricity within the broader context of a sustainable energy
system. When visions are mobilized in order to align
interests to a certain line of development, expectations
concerning timing should be taken into consideration.
When time horizons are long, visions might need to be
periodically revised. Since the smart grid project is a
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response to future needs in the electricity system, it is
important to keep an eye on competing solutions to the
problems that the smart grid aims to solve.

Policymakers might also seriously consider the via-
bility of the smart grid within a liberalized electricity
system, given that socio-economic benefits of a smart
grid might not translate directly into a private business
case. Ambiguous concepts like the smart grid serve to
align the interests of several different actors. This is both
their strength and their weakness. As serious investment
starts being made in the smart grid, solutions like the
supergrid, flexible demand and a broader smart energy
system will start competing with each other. At this
point, at the latest, the ambiguity will necessarily start
to dissolve and conflicts of interest will become more
apparent. Policymakers would do well to anticipate such
conflicts and prepare to specify their visions and
prioritize.
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