Planning story lines in smart grid road maps (2010-2014)
Three types of maps for coordinated time travel
Abstract
The rollout of smart grids poses planning challenges that are typical for sustainable innovation in mature infrastructures. Most notably, planners encounter a high degree of complexity caused by multiple interacting scalar and temporal layers (the latter caused by the incremental development of infrastructures). Arie Rip (2012) has proposed that a mediating 'layer' of anticipatory coordination devices, such as road maps, enables innovations to enter complex regimes without losing their novelty. In light of current delays in the European rollout of smart meters, we have conducted a mixed methods study of the vocabulary and planning story lines used in 13 different smart grid road maps. Based on a correspondence analysis of documents and concepts used in the documents, three distinct types of road maps were found. A subsequent close reading of three road maps that each represent one of the types shows how they approach the modernization of electricity infrastructure in distinct ways: a reliance on the market to tackle complexity was observed in UK-type road maps, a strong focus on standardization processes was found in the US-type and a technology-centered perspective dominated the China-type documents. 
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1. Introduction
Smart grids are a set of innovations that react to challenges related to climate change and energy security, the latter particularly in countries that are affected by failures of outdated electricity networks caused by maintenance and modernization deficits. Smart grid visions can be grand, promising nothing less than a complete transformation of the whole energy system – doing the same to electricity as the Internet has done to communication. This technical promise is undisputed and the benefits of smart grids are touted by a broad coalition of actors, including governments, environmental NGOs (e.g., Greenpeace) and industry. Still, we currently see delays in implementation, with almost half of the European member states declaring a moratorium on the rollout of smart meters, the most basic building block of smart grids.
The situation in which an apparently strong and shared vision for more sustainability suffers delays is actually a rather common one. These changes often address fundamental infrastructures (such as transport and construction), which resist radical change by virtue of their complexity and interdependence. Still, infrastructures have changed at a drastic pace before. So, how can these delays be explained? Is this the resistance against low-carbon transitions in which 'Goliath' defends his vested interests against green 'Davids' that fighters for the environment have experienced for many years and that Geels (2014) has described? Are we just seeing slow but steady change toward greener, more efficient infrastructures that seem to be slow compared to unrealistic expectations that do not account for the huge investments needed (Verbong & Geels 2009)? Or could it be that there is something wrong with the mode of coordination and the visions that are supposed to give a sense of direction in this transition?
To answer these questions for the case of smart grids, we have analyzed a text corpus consisting of 13 English language road maps used in smart grid planning all over the world. Currently, we see a general revival of road maps not only in their traditional form as tools used in top-down technology management but also in new contexts, such as tools in and alongside participatory backcasting (Quist et al. 2011; Dixon et al. 2014) or recast as socio-technical road maps to allow better alignment of societal needs and technological development (Tuominen & Alquist 2010; McDowall 2011). Both traditional and new uses of technology road maps not only acknowledge the performativity of road maps, they embrace it using its alleged performative power in innovation management.
In this paper, while remaining largely agnostic about their actual performance, we focus on what road map documents tell us about their authors' collective anticipations. We base our approach on the assumption that road maps will need to establish at least some rudimentary story line to be able to provide a sense of direction. As a second assumption, we adopt Arie Rip's (2012) claim that road maps are a prime example of devices used in a new 'level' of anticipatory coordination that enables innovations to enter existing regimes without losing their novelty. Thus, the planning story lines that we are analyzing are not only about where to go but also how to get there together. 

The three reasons for delays in the rollout of smart grids that were outlined above – active resistance, incremental change, and bad coordination/weak visions – each touch a unique mode of coordination and vision building. We therefore expect the road maps to be an arena for coordination and vision building containing pointers that enable us to draw conclusions about difficulties in the current transition. We are not claiming that road maps are the only device for coordinated vision building used in the smart grid transition. This is the strongest limitation of this study. We found, however, that the documents and their analysis provides a window into ongoing processes. 

In the next section, we elaborate on the idea of using the documents as a source of study of collective anticipations. We then present methods and findings of our two-pronged research strategy: a quantitative correspondence analysis of the text corpus that consists of 13 smart grid road maps complemented by an in-depth qualitative analysis of three representative road map documents. Then, we discuss how these three types of road maps reflect the recent history and current state of the smart grid transition. Indicators for recent delays in smart grid rollouts are reflected upon in the conclusion of this article.

2. Maps for coordinated time-travel

Since the 1960s, strong infrastructure planners
 wielding powerful cognitive maps
 have become the target of a more general critique of modernist, undemocratic, top-down planning. It is not only democratic participation—multiplying the number of voices that have to be taken into account—that makes the life of a technocrat difficult today. After many decades of expansion and development of infrastructures that were once conceived by the original 'system builders' (Hughes 1993), we have reached a situation in which formerly separate infrastructures have become deeply intertwined with one another (Star 1999) and in which the population's everyday lives ever more profoundly rely on otherwise invisible systems of provision (Fine & Leopold 1993). This entanglement with everyday routines, together with intertwined technological and political complexities, has created a basis for the implementation of new infrastructures that is much more difficult to navigate than the allegedly 'empty' spaces that a system builder from the 19th and early 20th century used as a canvas for their great infrastructure projects
.
While early phases in technological innovation may show a large amount of undirected search, technology planning – the phase in which technologies are embedded in society – depends on at least some sense of direction. In a situation in which both relevant actors and technologies have multiplied and struggle with the unintended consequences of previous rounds of innovation, in large-scale technology planning, this sense of direction is a precious good. Technology road maps literally (or rather, metaphorically) promise to come to the rescue.

Planning storylines

It is a commonly held belief that planning documents called road maps were made popular by the then influential technology company Motorola in the late 1970s. Phaal et al. (2009), in their survey of more than 900 road maps conducted thirty years later, found three types of representations, the first of which—the time-based type—is the most common (80%). Thus, the terrain that is usually mapped is not space but rather a series of events that unfold between more or less clearly defined points in time – both in the past, present and future. 

Technology road maps contain a story about technology development. Technology historians distinguish between externalist and internalist representations. In externalist representations, non-technological aspects are included as central part of the story. In this sense, most road maps – including the one that is presented by Phaal et al. (2004) as an ideal typical road map – would be an externalist account because they include, among others, business as a relevant aspect, in addition to purely technical factors. In fact, in the history of technology, purely internalist accounts of technological development are rare (Staudenmaier 1994: 268), which leaves open which non-technological actors are given a role in the story.  

Due to the lack of direct empirical access to the future, if these externalist representations are extrapolated into the future, choices of what is presented as relevant to the development of a specific technology will depend on guesses about the future that “marshal past and current technologies and products to argue for trends and likely successors” (Rinne 2004, 67). If successful, these externalist accounts of past and current developments together with extrapolations into the future result in a story line that conveys meaning and by that, a sense of direction (Hajer 1995; Hajer & Versteg 2005). 

Road maps as coordination devices

So far in this paper, road maps have been treated as if they also could reside in an individual's mind, just like the cognitive maps of an early 20th century system builder. This neglects an important aspect that is reflected in the institutional and often collective authorship of road map documents. Focusing on this aspect, Arie Rip (2012) describes the anticipatory coordination enacted in road maps as part of a broader trend in which new technologies emerge with the help of a new 'layer' that enables them to become part of existing regimes by 'stretching' them rather than by adapting to them (and, by that, losing their novelty). This new 'layer' reduces the risk and uncertainty connected to the general application of new rules and standards. While certain rules and standards may work very well in protected niches, they might have catastrophic consequences for other actors when they are forced to comply with the same rules and standards. The coordinating layer described by Rip enables to-be-included actors to influence the coming rules and to agree to procedures to establish future rules without actually applying them immediately. 

This adds a process perspective to the study of road maps: They are a product of a negotiation of the future, a common statement about how the authors think they will collaborate in the future and also how their respective conceptual frames – if they are different – could and should be aligned. The resulting story about the future of a technology will then be the result of a negotiated compromise between different anticipations. The more different actors they include, the less they will leave room for competing road maps. These negotiations of institutional and collective authorship between potentially conflicting road maps are hidden when the outcome – a particular road map – is studied. This limitation of the study of road map documents is alleviated by the fact that making claims about its own importance for a 'good' process can be expected to be a core concern of any road map. 

The theme of negotiation and coordination, particularly in the case of top-down road maps, introduces the notion of power in its various forms (Avelino & Rotmans 2009). Geels (2014) describes how discursive power, the ability to frame an innovation, and institutional power, “which is embedded in political cultures, ideology and governance structures” (Geels 2014: 34), influence socio-technical transitions. Applied to the case of road maps as coordination devices, mostly discursive power but also ideology and political cultures can be expected to be a part of planning story lines. Thus, they are not only 'plausible models' in the sense described in the previous section but also include or exclude actors from influencing future development. Coordinated time travel may also actively leave certain groups behind – this will be kept in mind in the analysis of the documents. 

Smart grids 2010-2014: Road maps in action
Verbong & Geels (2009) argue that due to a high degree of vested interests, current transformations in the electricity sector are not likely to disrupt existing regimes. They expect to see more of the same: the continuation of a hybridization in which new elements (e.g., smart meters) coexist with older ones and the continuation of ongoing reconfigurations that connect renewable energy sources with non-renewable ones in international 'Supergrids'. In this sense, the big promise of smart grids is that they enable the scaling up of systems that at the same time increase their internal complexity. The introduction of new networked information and communication technologies, as claimed by a broad coalition of actors, gives real time control of energy flows that can then be optimized algorithmically. 
Berkhout et al. (2004) propose a taxonomy of transitions that on one of its two axes distinguishes between transitions that are characterized by high coordination and that are therefore planned and vision driven and low coordination in transitions that corresponds to unplanned and emergent transformations. The transition from dumb to smart grids is clearly an example of the first kind, as it is driven by a clear technical vision and the mushrooming of smart grid road maps, directives, and vision documents since the late 2000s that show the work that has gone into the coordination of the various parties involved in rolling out smart grid infrastructures. 
Despite all these concerted efforts, the actual rollout has been delayed in several countries. A report from the European Commission (2014) blames the perceived lack of cost efficiency for the fact that goals set in the “Third Energy Package” (2009
) for the rollout of smart meters have been deliberately missed by almost half of the European member countries. In the case of the UK, it was widely reported in 2015 that industry actors caused a delay, referencing technical problems due to constantly changing requirements and specifications. 
In a more general sense, the development of smart grids since the late 2000s is an example of a situation in which a broad consensus about feasible technical solutions for environmental problems seems to exist that, however, does not result in the expected rollout of these solutions
. Geels (2014) recently suggested that power exerted by the incumbents is to blame for the slow pace of a sustainable transition in the UK. Another interpretation of slow progress in the face of broad consensus points to the necessarily incremental nature of change in complex infrastructures that never have sustainability as their only purpose (Thompson & Green 2005). Finally, a third interpretation of delays in the rollout would be to assume that coordination and visions –for example, those documented in road maps – have failed. These three assumptions are not mutually exclusive. Vested interests of certain groups of actors are one reason for which only incremental change, hesitant coordination and modest visions can be expected (as in the scenario for future grids favored by Verbong & Geels 2009). Imperfections in the coordination mechanisms and common visions can also be as much the result of power play as they can produce problems in the roll-out themselves. 
Studying road maps and their 'base maps'

Road maps as documents that establish a coordinated planning story line direct our attention to the following aspects:
· On the most basic level, which actors, contexts, circumstances are included in the planning story told by a particular road map? How is this story framed? Which non-technological aspects are given a role in the story of technological development? 

· What is presented in the road maps as in need of coordination to make smart grids realize their potential? What are the drivers for collaboration, which media and arenas for coordination are proposed? 
These questions relate to the way road maps establish their credibility to be able to talk authoritatively about the future. Within the metaphor of geographical mapping, we might say that these questions refer to a base map that anchors other layers of information inscribed into the map. In geography, a base map is usually comprised of basic information that can be assumed to change slowly (such as the elements subject to Braudel’s longue duree, e.g., mountains, rivers, coastlines, major roads) that are plotted onto some type of geodetic control network. Onto the base map, then, in a second layer, arbitrary overlays of other information may be superimposed depending on the specific uses a map is meant to serve, be it representing crime rates, weather information, or income statistics— information which has in common that it changes more rapidly than the anchors of the base map.
In the case of the road map documents analysed here, we can trace such 'base maps' in the form of descriptions that are considered fundamental in the way that they change so slowly that their future relevance safely can be assumed. By analysing these basic assumptions embedded in the texts, we are able to describe how credibility and authority are established in order to provide a useful, effective tool for technological development. In more practical terms, we approach this through looking at basic differences in the vocabularies used. To function as a road map's base map, these vocabularies have to be general enough to be able to lend credibility to different technologies that are then, with the tacit help of the 'base map', inscribed into a time-line
.

3. Empirical observations

In what follows we first describe our data collection and analysis strategy. We then give a short overview over the authors of the smart grid road maps analyzed here and proceed to the quantitative analysis of the road maps and wrap the empirical part up with a more detailed qualitative presentation of three representative road maps.

Data collection and analysis

The material was retrieved by literature searches for smart grid-related planning and policy documents that started with one of the authors' master’s thesis, in which the specific US-American planning approach to smart grid development was contrasted with the EU approach. Within the heterogeneous body of collected documents which consists, among others, of government white papers, general position papers, standardization documents and the documentation of pilot projects, the sub-genre of regional, national and supranational smart grid road maps stood out as the most homogeneous group of comparable but geographically distributed texts. These documents were published from 2010 and 2014, they all have a specific geographical scope, and they all promise to describe short-term, medium-term and long-term steps to achieve the full implementation of smart grids within their territory. We started out with 14 road maps, but during the course of the analysis had to exclude Thailand's road map (because it was an outlier in regard to size with only 976 words). The remaining 13 road maps have an average word count of 21.213 words; the longest (USA) reaches 53.139 words, and the shortest (Ireland) has 2.675 words. The documents comprise lists, tables and graphics, but they consist primarily of continuous text, which lends itself to a qualitative data analysis. In addition to the qualitative analysis, we conducted a quantitative assessment in which, in line with the research questions described in the previous section, the documents were grouped according to their base vocabulary. To achieve this, we first excluded stop words and nonsensical fragments (such as www, http, tion), numbers, and punctuation. Then, words that did not appear in at least 10 of the 13 documents were excluded, which resulted in a matrix of 433 terms. This corpus was then fed to a correspondence analysis using the software R (using the TM package) to create a visual representation of both related road map documents and their vocabularies. The qualitative analysis was based on a close reading of all 13 documents, the summary of which has been reduced to the table below. The qualitative analysis of the three documents that were selected to represent the three approaches discovered in the findings of the correspondence analysis is presented in detail. The final qualitative analysis checks the plausibility of the quantitative approach, but also nuances and deepens our understanding of the basic reasoning of each approach.

Who is writing smart grid road maps?

In the European context, the road maps of the UK, Germany, Denmark and Ireland were selected, along with the road map of the European Electricity Grid Initiative (EEGI). In the US context, the National Institute of Science and Technology road map was selected (federal level), as were those of the states of California, Kentucky and New York. The road map of the Standards Council of Canada was also included here. On the international level, the road maps of the International Energy Agency (IEA) and the International Electrotechnical Commission (IEC) were selected. To represent Asia, we have included the smart grid road map of China.
The following table gives an overview of the authorship of each road map, as the context within which each road map was produced is expected to affect the content and therefore the viability of eventual comparisons. As we will see, it also provides an idea of the level of mandates given to each contribution by for instance ministers or other important institutions. 

Insert Table 1 here.
As the table shows, road maps are in fact authored by several actors embedded in existing governance structures. Governments are involved above all, but so are technological and legal regulatory bodies, and interest and industry organisations. In addition, road maps are written with involvement from and cooperation with research and university communitites. The most typical combination consists of government and industry. Likely, this is not unique for smart grid development, as many other sectors see these types of project organization. In the following analysis, we depart from the view that the texts are produced within and sanctioned by positions of varying degree of power. Thus, the base vocabularies in these texts described below are closely related to existing power structures and how they represent the world.

3.2. Drawing a map of maps

In the next step, the description of special (base) vocabularies inherent in all documents was used to draw a 2-dimensional map of concepts and documents in a correspondence analysis (figure 1). Collapsing the term matrices into two dimensions is a simplification that contributes to clarity, but it can also hide large distances in the use of vocabulary between the individual points that might be revealed when using more dimensions. The plot arrived at here is based on 13 documents and 433 different terms. The plot achieves an accumulated inertia of 38%, which means that its interpretation will have to be checked against a close reading of the documents, which is presented in the next step.
On the left-hand side of the map, the road maps of Europe, the UK, Denmark, IEA, and NY gather around terms such as “deployment”, “costs”, “demand”, “consumer”, “demonstration”, and “operators” (in this order). On the lower right corner, terms such as “communication”, “automation”, “technical”, and “operation” are prominently featured. The documents from IEC and China are prominently pulled in this direction. On the upper half of the map, the third cluster of road maps containing the documents of the US, Canada and Germany, gravitates around terms such as “report”, “interoperability”, “standards”, “security”, and “requirements”. Taken together, we see three distinct clusters. One gravitates to the lower left with a deployment focus that also includes the economic dimension. Another cluster on the lower right circles around the technical designs. Finally, a third cluster is located on the upper part of the map around process and standardization terminology.

Insert Figure 1 here

A closer look at three representative road maps: UK, US, China

In the following qualitative analysis, we will follow up on these three clusters of concepts and documents to describe more in depth how the future is mapped through road maps. To achieve this, we focus on three documents that the analysis has placed in the most extreme positions: the UK, US, and Chinese road maps.
Actor alignment, commercial opportunities and regulation: The UK road map
The UK 2014 road map (or in fact, the “vision and route map”) is introduced by a foreword co-written by the MP Michael Fallon (the Minister of State for Energy and head of the DECC) and the chairman of Ofgem (the industry regulator), who represent the two institutions that are presented as the authors of the report. They write about the future of Great Britain’s electricity networks, which is characterized by “big challenges” and “tremendous opportunities” (p. 4). This introduction sets the tone for the report, which promises to turn the challenge into a fantastic success for Great Britain as a whole. The tone of the document strongly urges doing the right thing. What is then presented as the smart grid vision is actually a collection of promises that are predominantly addressing the economy: that it will support “an efficient, timely transition to a low carbon economy”, “ensure energy security and wider energy goals while minimizing costs to consumers”, lead to “flexible, efficient networks”, “create jobs”, and “growth”, and “empower consumers” (p. 6).
After this list of promises, a case is built for Great Britain to continue development: Considerable progress has already been made, it is claimed, and what is now needed is “to build on the initial success” (p. 7). This prepares the stage for the routemap that describes existing political and regulatory initiatives and gaps in previous and current efforts. When talking about the future, the document stresses that it is not “prescriptive” and that it does not describe a “project plan” or a “path” (p. 12). Instead, it seeks to “convey” […] “a sense of the direction of travel” (p. 7).This sense is described as an evolution that is imagined to occur in three stages (p. 22): The development phase (2014-2020), the rollout phase (2020-2030) and the developed phase (2030s onwards). These stages are associated with “short term benefits”, “expansion”, and “realization”, respectively (pp. 22-23).
The rest of the document focuses on the first, imminent stage and outlines four challenges:
·  describing a “strategic direction” (to which the present routemap is meant to contribute),
·  establishing “regulatory and commercial frameworks”,
·  enabling “customer participation”, and
·  fostering “technological innovation and growth”.
In the first section on “strategic directions”, a strong actor focus is present. Here, the challenge described is to align all the different groups that are deemed relevant, such as the government, network operators, suppliers and “all those that interact with electricity networks” (p. 26). A “compelling long term vision” is mentioned but never explicated except in the mentioned list of mostly economic promises. Commercial and regulatory frameworks are introduced as facilitating deployment by providing incentives for efficiency and innovation “whilst protecting consumer and customer interests” (p. 34).  Customer participation, the third topic, is in the first paragraph translated into the not-quite-equivalent “efficient communication of benefits that will accrue to customers” (p. 38). Participation here closely resembles the type of limited influence allocated to citizens on the lower stairs of Arnstein’s (1969) classic “ladder of participation”. In addition to this top-down view on who defines the rules of the game, participation is described mainly as participation on the market. The last topic, technological innovation and growth, is much less about technology than it is about “commercial opportunities” located in SMEs and the whole UK smart grid supply chain (p. 42).

Compared to the other road maps analysed here, standardization and actual technologies are conspicuously absent. If both are mentioned, then they are parts of more comprehensive lists of 'factors' relevant for the rollout:
“a range of factors including the development of standards for innovative solutions, supply chain capacities, skills and partners, and thought-through systems engineering that accommodates critical aspects such as data management at scale, control centre integration, and commercial and consumer interfaces.” (p. 16)
This road map is a sales pitch that is based on previous, concurrent and future initiatives, all of which come from industry and political actors that unanimously point in the direction of the smart grid as a business opportunity that, if realized, will yield all types of additional benefits.
Interoperability: The US road map
The National Institute of Standards and Technology is responsible for the American smart grids road map entitled the NIST Framework and road map for smart Grid Interoperability Standards, Release 2.0. It is premised on a policy foundation that consists of the Energy Independence and Security Act of 2007 (EISA) to modernize the grid, which is also the source of NISTs “primary responsibility […] to achieve interoperability of Smart Grid devices and systems”
 (p. 6). It also receives an impetus from the American Recovery and Reinvestment Act of 2009 (ARRA), which by 2012 had invested $4.5 billion in modernizing the electric grid and implementing deployment and demonstration programs. The National Science and Technology Council also released a “Policy Framework”
 in 2011, which provided further momentum to the American pursuit of the smart grid by stressing the need for standards to “ensure today’s investments in the Smart Grid remain valuable in the future”. As such, the underlying premise for the smart grid road map of the US is to provide a venue (NIST) to ensure interoperability. This results in a road map to the specific standards needed but also a detailed meta-perspective on the standardization process itself. The road map prescribes the smart grid based upon the need for modernization, but it is generally not concerned with the reasoning around the “why” of smart grids. The main weight of the argument rather targets the “why” of standards: It argues that good standards are needed because “in the absence of standards, there is a risk that the diverse Smart Grid technologies that are the objects of these mounting investments will become prematurely obsolete or, worse, be implemented without adequate security measures” (p. 15). A lack of standards will impede future innovation and ultimately make the fulfilment of smart grid visions difficult. Standards also “enable economies of scale and scope that help to create competitive markets [which] promotes faster diffusion of Smart Grid technologies and realization of customer benefits” (p. 16). As such, proper standardization caters to the happiest customer, which again gives momentum to this positive spiral of smart grid maturation. The successful smart grid is wholly dependent on successful standardization.
The road map provides a section on “smart grid visions” and definitions of “what” the smart grid “needs” to be under the auspices of a “modernization of the electric power grid”, “to increase reliability and energy efficiency, transition to renewable sources of energy, reduce greenhouse gas emissions, and build a sustainable economy that ensures prosperity for future generations” (p. 27). The road map also establishes a link to national energy policy goals, “which aims to reduce U.S. dependence on foreign oil, to create jobs, and to help U.S. industry compete successfully in global markets for clean energy technology” (p. 29). Like in the UK case, the road map's vision is actually a list of promises including the “displacement of about half of our nation’s net oil imports, [the] reduction in U.S. carbon dioxide emissions by approximately 25 percent; and reductions in emissions of urban air pollutants of 40 percent to 90 percent” (p. 31). However, here, the main focus is to make standardization a central goal of the smart grid future. When, for instance, the goal of opening up global markets is introduced, most attention is given to the “harmonization efforts” between the NIST and European and Asian smart grid efforts (p. 35).
Consequently, the main part of the road map is concerned with the many methods and procedures that constitute the standardization process, a topic which, when addressed, turns the road map into a road map for the standardization process itself rather than the goal of a standardized future smart grid. To this end, models, conventions, and frameworks are proposed, such as the “GWAC-Stack” and the “Conceptual Architecture Framework”. The former is an eight-layer model that splits up smart grid standardization into technical, informational and organizational layers. 
The road map also dedicates considerable time to define the work of the “Smart Grid Architectural Council” and its “Heterogeneity Working Party” (another division of labour within the complexities of the American process). It works on developing a “common understanding of information” and has for instance identified a problem of information exchange between parties describing overlapping information in different terms using semantic models. This creates problems in large systems such as the Smart Grid because “if there are “n” systems, then the number of transformations needed is on the order of n². This means that the software maintenance and expansion costs to meet new business needs may become prohibitive as the number of systems becomes large” (p. 57). This problem is met by introducing a “canonical data model”, or a single semantic model onto which a set of semantic models can be mapped, thereby “reducing the number of mappings from n² to n+1” (ibid). This is an example of the effort dedicated to ensuring the overall internal consistency, and indeed the necessity of that work, within the interoperability work as a whole. In the same vein, the road map ensures there are detailed criteria for how and when “voluntary consensus standards” for implementation are achieved (pp. 61-65), provides detailed overviews of the “standards identification process”, including the “SGIP Catalogue of Standards (CoS)”, and details the procedures of adding to it (pp. 139-141) and “the many SGIP committees, SGIP working groups, PAPs, and numerous face-to-face meetings in conjunction with many industry conferences relevant to the Smart Grid” (pp. 65-68 and 142-166).
Based on these excerpts from this rather comprehensive document, it should be clear that this particular road map struggles almost exclusively with creating the necessary minimum of order in the complexity of a distributed and heterogeneous future smart grid infrastructure. The large number of committees and groups assembled and described here reflects the situation in the US, in which the coordination of independent market actors is achieved indirectly by creating venues for negotiation. The market itself and the political sphere, which are very present on the UK road map, disappear behind this struggle for interoperability and coordination. 
Technological unity: The Chinese road map
The Framework and road map for Strong & Smart Grid Standards, issued by the State Grid Corporation of China (SGCC), compiled the work since March 2009 of a group of 180 experts set up by the SGCC, many of whom were from its fully owned subsidiary, China Electric Power Research Institute (CEPRI). The work primarily consisted of reviewing “thousands of existing standards” and then narrowing them down to the 781 international standards and 761 domestic standards deemed relevant for the smart grid. Every single one seems to have been given specific mention in the 88 page document, not counting the 46 page summary sheet.
The document places the smart grid at the cusp of 200 years of industrial development, in which we have seen three industrial revolutions. Now, after “the Steam Engine Age, Electricity Age and Information Age”, there is a fourth, burgeoning new age “dominated by smart and intelligent design and devices – Age of Intelligence” (p. 7). The goal of the SGCC smart grid strategy is that by “2020, a smart grid that is robust and reliable, economical and efficient, clean and environment-friendly, transparent and open, user-friendly and interactive is to be established” (p. 1). There is a focus initially on the general climate challenge issues—or on the “common problem”—for situating the smart grid. The specific goals for the smart grid in the future include: “[o]n user side, power consumption efficiency is improved, power consumption pattern is optimized and energy resources are conserved by enlarging the proportions of electricity in energy end-use” (p. 8). However, the document also introduces other, more China-specific issues; for instance that “resource and load centers are unevenly located” and that “the characteristic of energy distribution in China requires long-distance, large-capacity power transmission and flexible power flow control capabilities” (p. 8). As such, the argument seems equally interested in contributing to the larger scheme of national industrialization by developing more ultra-high voltage (UHV) capacities, as in fighting climate change.
The document itself asserts its authority in the smart grid industry to create a streamlined or “unified” smart grid. The creation of the standard framework is supposed to encompass “technical specifications for equipment manufacturers, system integrators, grid constructors and other stakeholders involved in the building of a smart grid” and to “ensure compatibility with all kinds of electric equipment and units”; the framework is indeed an “institutional guarantee for smart grid construction”, with a focus on “institutional support for sound development” (p. 13). 
The road map mentions three other actors that figure largely in the smart grid development work other places in the world: the International Energy Agency (IEA), the National Institute of Standards and Technology (NIST) and the Institute of Electrical and Electronics Engineers (IEEE) and other major research institutes; the contributions of which the SGCC road map seeks both to build on and contribute to. The planning framework is hierarchically constructed as an eight-domain framework that includes overall planning, power generation, transmission, substation, distribution, utilization, dispatching and ICT. Divided across the eight domains are 26 technical fields. At the third level is the standard series, of which there are 92, and finally the fourth level of specific standards. The rest of the road map (pp. 20-88) proceeds to provide detailed descriptions of every one of the 92 series of standards, with added references to the specific standards where they exist or else specifying the standard(s) yet to be developed. 
In summary, although the Chinese road map focuses on standards such as the US one, it is characterized by two distinct aspects: First, it adds to the question of smart interoperability, which dominates so much of the US road map, the concept of 'unity' which has a connotation of less internal difference. Second, standardization is approached as an expert-driven task, again reducing the role of the market or of politics in favour of technological reasoning. These shifts fit well into the positive, technologically driven narratives of the technological progress that introduces the road map.

3.4 Comparing the three types of road maps

Notably, the three road maps that we have selected based on the correspondence analysis, and which were presented in depth, do not fundamentally disagree about what a smart grid is and what it does. They also take for granted that smart grids are the energy infrastructure of the future. However, both the correspondence analysis, which has placed the three road maps in three opposite corners of a “map of maps”, and the qualitative analysis, show a set of important differences between the documents. In line with the two sets of research questions described above, we are first looking for differences in how the documents add which actors to the technological narrative creating a planning story line. Secondly, we present how the three types of road maps describe previous and future collaboration between different actors. 

In the quantitative analysis the horizontal axis of the correspondence analysis places UK-type road maps in opposition to US-type and Chinese-type road maps. When we look at the first aspect – the relationship between technology and other non-technical actors which are given a role in the narrative – this is confirmed by the qualitative analysis: As we have seen, UK-type road maps hardly focus on technology as such and tell the innovation story as one of political regulation for market success. This approach summons regulations and market actors (including consumers) as the main personage and takes for granted that the technology will be developed by market actors accordingly. This is in contrast to the US and Chinese road maps, which are first and foremost about a specific aspect of technology development: technological standardization. The main actors presented here are experts involved in the standardization process, which in the US case more explicitly includes experts from private businesses than in the Chinese case. These experts are brought together to ensure interoperability and, in the Chinese phrasing, the “unity” of development. Markets and politics, in turn, are largely absent in these documents. Instead, good standards are seen as facilitating eventual market success and the subsequent realization of the other benefits promised by smart grids.
If we inquire about the modes of coordination that are presented in the documents, a difference emerges between the Chinese- and the US-type documents, which corresponds well with the vertical axis of the quantitative analysis. The future of the “age of intelligence” described in the Chinese document is presented as a matter of natural and necessary technological development. Technology and its evolution towards smart grids (and beyond) are thus taken to be a determining force, which makes this progress a question merely of technological expertise. Standardization seen in this light is an expert task of creating a catalog of the best possible standards—which is basically what the Chinese road map does. Accordingly, the mode of coordination is top-down “cataloging” in a central register. In the US case, standardization is an expert task as well. However, it is much more about defining a good process in which good results are produced with the help of good tools. From the US perspective, the certainty of smart grids as part of the future is not based on their technological necessity; rather, it is assumed that the US way of standardizing will also prevail in the future, where in future iterations the committees will add further tools that are needed to create the necessary minimum for interoperability. Despite being a completely different animal, UK-type road maps anchor their narrative in a similar process-oriented manner. Here, however, it is market processes facilitated by political regulations that are taken for granted to also exist in the future, ensuring that smart grids will evolve according to their alleged great potential.

5. Conclusions

So, which planning story lines are provided in the smart grid road maps, and how are they performing an innovation process in the context of complexity and interrelatedness? What type of system building are these road maps a part of? 

There is little direct controversy connected to this particular technology, which may explain why road maps evoke a very limited set of visions and fantasies compared to other, more disputed innovations (Sovacool and Raman, 2015). As more or less prosaic planning documents, they describe which committees, regulations, models, and, above all, standards, are needed to make smart grids not only a reality but also their "own" version of a smart grid, the world-leading one. Seen as a part of system building in an age of multi-layered and ultra-connected infrastructures, the prosaic texts contain a hidden struggle that may claim at least some dramatic potential: are these tools up to the task of profoundly changing infrastructures in contemporary societies? Based on our analysis, we can at least say that they reflect the challenges of contemporary system building in their composite authorship as well as their focus on standardization. Moreover, we see a crucial difference between a focus on open processes (based either on markets or on standardization processes, such as the UK- and US-type road maps) and more open technology determinism (in Chinese-type road maps).
Particularly, analysis of the Chinese-type and US-type road maps has shown a strong focus on standardization and interoperability. Before systems are actually built, their heterogeneous elements have to be harmonized, and neighboring systems must be checked cautiously for (unintended) effects and, if necessary, added to the standardization process. Although coordination between the different authoring institutions to propose standardized technologies undoubtedly contributes to their robustness in the face of multi-layeredness and interrelatedness, there is still reason to scrutinize the robustness of their future predictions. In this situation, the additional focus on process instead of standard or solution that, as we have argued above, characterize the UK-type and the US-type of road maps appear to be better adapted to change. The planning story line here resembles an open-ended story that may adapt with plot twists not only to novel complexities but also to the dynamic nature of today's technological infrastructures. 

In the beginning, we promised a cautious interpretation of the delays encountered in the rollout of European smart grid infrastructures. Based on the representative road map documents analyzed here, only the US-type standardization script proposes a planning story line that does not depend directly on political will and/or economic feasibility. The UK-type documents rely directly on the political will and economic feasibility that will lead market actors to drive the process. If there is no profit for industry actors, there will be delays in the rollout – which is exactly what we are seeing right now. The China-type documents depend heavily on the political will of a government to produce the catalog of standards, which is vulnerable to other political prioritization. At the same time, the road map types analyzed here have the most direct resemblance to the traditional modernization framework that is motivated by a strong technological vision. As long as this overarching belief in autonomous technology development is intact, the specific mode of coordination creating the smart grid will be carried forward by the government. Based on these observations, we propose that current delays in the rollout of smart grid infrastructures are indeed related to the coordinating and mediating 'layer' (in the sense of Rip 2012) of which road map documents are a part. It is a well-established fact that a transition that is as profound and comprehensive as the upgrade of current electricity infrastructures will require coordination mechanisms and planning story lines that transcend the idea that“the government arranges everything so that market forces can do the rest”. The contribution of this paper is the description of two other, more promising coordination devices and planning story lines that are currently employed in smart grid development: standardization as a due process and top-down, technology-deterministic cataloging of standards. Both provide very different planning story lines that – we would claim – well reflect the state of system building in 2015. 
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	road map


	Government 
	Regulator
	Utility
	University
	Industry
	Industry/interest organisation
	Legislative body

	UK
	xxx
	xx
	-
	x
	x
	-
	-

	Germany
	x
	xxx
	-
	-
	-
	xxx
	xx

	Denmark
	x
	x
	-
	xxx
	x
	xx
	x

	Ireland
	xxx
	-
	-
	-
	-
	x
	-

	European Electricity Grid Initiative (EEGI)
	-
	-
	-
	xx
	xxx
	x
	-

	US National Institute of Science and Technology
	-
	-
	-
	-
	xx
	xxx
	xxx

	State of California
	-
	xxx
	-
	-
	x
	x
	x

	State of Kentucky
	x
	x
	x
	xxx
	x
	-
	-

	State of New York
	xxx
	-
	-
	-
	xxx
	-
	xxx

	Canada
	xxx
	-
	x
	-
	x
	xxx
	-

	International Energy Agency (IEA)
	xxx
	-
	-
	-
	xxx
	-
	-

	International Electrotechnical Commission
	xxx
	-
	-
	-
	xxx
	x
	-

	China
	xxx
	-
	xxx
	-
	x
	-
	-


Table 1. Distribution of involved actors in road map authorship. More x's denote heavier involvement.
Caption for figure 1: Correspondence analysis of 13 road map documents
�	Paradigmatically personified by Robert Moses (see Berman 1983)


�	Frederic Jameson (1990) takes the term 'cognitive map' from Kevin Lynch's theory of urban alienation as the effect of a city's lack of landmarks, paths, nodes (where the paths come together), edges (separating features) and distinguishable districts (Lynch 1960). Without these features, Lynch maintains, a city's inhabitants have no cognitive map, which results in a loss of a clear sense of how to navigate their city. This is generalized by Jameson in describing a postmodern condition in which directed action in general is made difficult by the lack of a sense of situatedness in society


�	Spaces that obviously never were as empty as the modernizers claimed.


�	More specifically, Directive 2009/72/EC of the European Parliament and of the Council that prescribes that “[w]here roll-out of smart meters is assessed positively, at least 80 % of consumers shall be equipped with intelligent metering systems by 2020." This assessment was unequivocally positive in only 16 out of 28 countries.


�	The most prominent example of this kind of implementation gap in recent years was the energy efficiency paradox (Jaffe & Stavins 1994; van Soest & Bulte 2001).


�	A critical difference in this respect is whether one accepts the existence of a “base map” - an objective and fundamental representation of a territory - onto which various more contingent phenomena may be plotted. The base map then takes the function of universal representation whereas the other information caters for (or excludes) certain specific uses (November, Camacho-Hübner, and Latour 2010, 581). Those critical of such a base map argue that to become universal and objective it would have to become a “dead map”, a term borrowed from Derrida, in which “the quest is to find a perfectly certain language” (Lowe et al. 2012, 358). Countering this objection, Cova, Prévot, and Spencer (2012) using the notion of “navigation” have argued that contingent improvisation does not have to contradict a certain amount of universal certainty ascribed to the map that is used in navigation. Thus, they, as November, Camacho-Hübner, and Latour (2010), focus on both the activity of mapping - e.g. what it includes, excludes, connects, divides, etc. - and the use of maps - e.g. for navigation, exploration, administration, etc. instead of discussing whether there can be the perfect correspondence between a map and a terrain.





�	Energy Independence and Security Act of 2007 [Public Law No: 110-140], Sec. 1305.





�	National Science and Technology Council, “A Policy Framework for the 21st Century Grid: Enabling Our Secure Energy Future.” See http://www.whitehouse.gov/sites/default/files/microsites/ostp/nstc-smart-grid-june2011.pdf.
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