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1 Introduction

It has become usual to approach renewable energy resources as mere
physical flows (e.g., of water or wind) whose (physically limited) natural
reconstitution guarantees their ‘renewable’ status and makes them eligi-
ble vectors for energy transitions (Verbruggen et al. 2010). Renewable
energies are also commonly associated to alternative political ideals—
such as downscaling, distributed and more democratic energy pro-
duction, energy autonomy, and so on. Such ideals partly rely on the
assumption that the shift from fossil to non-fossil energies equates to a
shift away from physically concentrated energies (oil, coal...) towards
less concentrated, flowing energies (wind, sun, marine currents...).
Such appraisals are partly flawed. For instance, some unconventional
energies (e.g., shale gas, coal gas, oil shale...) are fossil energies: they
are less concentrated than conventional fossil energies but are nonethe-
less developed by the same actors and under the same type of politics.
The physical approach to renewable energy resources leaves uncharted
other resources—such as land, landscape, wildlife, and local solidari-
ties—which are commonly engaged in the development of ‘renewable’
energy projects. It makes these other resources harder to acknowledge,
and contributes to the neglect of the rich web of socio-material relations
underlying the development of renewable energy resources. In naturalis-
ing the property of ‘renewability’, it makes it harder to discuss the dem-
ocratic dimension of their development.

As Timothy Mitchell (2011) suggested it, materiality may matter
for the type of politics that is constructed around energy resources.
Following the socio-material processes through which different ener-
gies take on political significance, is a way to overcome ready-made
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dichotomies such as ‘renewable’/‘non-renewable’ or ‘non-fossil’/*fossil’.
The relevant question, then, is how matter comes to matter as energy
(whatever its concentration or carbon content) and what type of politics
this builds.

The question has become all the more critical for ‘renewable’ ener-
gies since they are industrially developed and globally financed. Many
attempts have been made to understand the tensions stirred by renewa-
ble energy developments. However, they have mostly focused on reasons
for opposition or on patterns of development, without necessary artic-
ulating these understandings with that of the processes through which
renewable energy resources are brought to existence.!

This chapter attempts to do this by following renewable energy
resources in their making. It builds on a set of case studies in order
to explore the socio-material processes through which entities such as
wind, solar radiation, energy users’ practices, and wood stumps come
to be assembled as renewable energy resources. In so doing, it chal-
lenges the presupposition that renewable energy resources are inherently
sustainable, and argues that only concern for the social and situated
dimension of their development—and due processes—can endow them
with the property of sustainability.

The chapter builds on previous works and analytical strands, notably
the attempt of Richardson and Weszkalnys (2014) to propose a com-
parative framework for analysing the materiality of resources. We share
their interest in following the processes through which ‘entities-that-
are-there’ become energy resources, and in the importance of material-
ities in such processes (we will return to these terms below). As energy
resources are proposed and not given by nature, entities become energy
resources. In so becoming, these entities are engaged in socio-material
assemblages, which leads to changes in their properties and bounda-
ries. In taking a process approach to these changes, it is thus important
to account for the full series of transformations that unfolds from the
untamed energy stock (or flows) to readily usable energy entities. We
use the categories of commodity chain and commodification analyses
(Hartwick 1998; Castree 2003) to operationalise our exploration. They
help us focus on the transformations in processes of becoming energy
resources, and connect these transformations with their political effects.
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In exploring the democratic dimension of resource making, the
singularities of each resource prove as decisive as the ways in which
processes and resources are scaled up. We propose pooling as an encom-
passing relational notion in order to capture the ways in which dif-
ferences are handled and entities are scaled up in order to assemble
energy resources. The analysis opens up a discussion on the relationship
between forms of pooling and the democratic dimension of energy tran-
sition processes.

The first part of the chapter presents our approach. The second part dis-
cusses a set of case studies with four different energy technologies: onshore
wind power, solar photovoltaics (Solar PV), biomass energy, and distrib-
uted load shedding (DLS) in the electricity sector (demand-response). The
third and final part discusses our results, emphasising the importance of
accounting for the material and relational dimension of new energies in
examining their potential role in a sustainable energy transition.

2 Becoming an Energy Resource

Natural resources have been approached from a variety of perspectives.
Recent critical appraisals in the social sciences, particularly anthropol-
ogy and human geography, share the premise that “natural resources
are not naturally resources” but the product of cultural, economic and
political work’ (Bridge 2010, quoting Hudson 2001). These analyses
have explored various dimensions of their making.?

In the subfield of energy resources, these studies have mostly
addressed fossil energies, with some exceptions.®> The development of
non-fossil energy resources, probably because it is more recent, has not
been thoroughly covered. It has, however, stirred protest and contro-
versy around its environmental impact* and social dimension.> Analyses
of these have mostly been focused on policy framings, and have left
unchallenged the (often implicit) idea that renewable energy resources
are inherently more sustainable than other energy resources.

This section builds on analyses of natural resources in order to set
out our methodology for analysing the emergence of different energy
resources. The first part introduces the idea that resources are not given.
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The second underlines the importance of acknowledging materiality in
describing and following the emergence of energy resources. It defines
resources as a proposition (in Latour’s sense) and brings together a set
of notions in order to operationalise the notion. The third part proposes
a stylisation of the process of becoming an energy resource and a meth-
odology for its analysis. The fourth explains how we intend to articulate
the analysis of this process to that of its political effects.

2.1 Shifting Ontologies

In their explorations of natural resources, scholars have emphasised the
political and economic dimensions of these resources, as well as their
shifting ontologies. For instance, Ferry (2002) has analysed the work
and discourse of a Mexican silver mining cooperative in turning silver
into what she terms an ‘inalienable commodity’, meaning a commod-
ity that, while exchanged in market systems, ‘retains a connection to
incommensurate and inalienable forms of value [patrimonio]” (p. 351).
Weszkalnys (2011, 2013, 2014) has analysed the socio-political and
material attempts at (de)constructing the longstanding association of
oil to a resource curse, in the specific case of the African Atlantic island
state of Sao Tomé and Principe. Both analyses offer a good illustration
of a collective attempt at changing both the way in which a resource
is defined and the economic/sociopolitical potential associated with it.
Such stories echo local discourses and practices of appropriation around
renewable energy projects that have been observed in France (Nadai and
Debourdeau 2015), as well as attempts at differentiating and politicis-
ing the ‘renewable’ electricity kiloWatt-hour (kWh) in certain countries
(Summerton 2004).”

Renewable energy resources, because they are abundant, flowing,
and sometimes ubiquitous, act as recipients for moral or political ide-
als: they ‘remind us that our electricity comes from somewhere’, ‘they
confronts us with the responsibilities created by our demand for energy’
(Pasqualetti 2000); they allow for decentralised energy production,
democratic productive organisation, and energy autonomy (Scheer
2007). These visions and potentials are important, if only because
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they underlie innovative experiments (Seyfang et al. 2013; Nadai et al.
2015). Nonetheless, within a few decades, renewable energies have also
been scaled up as a global sector of capitalist activity. Certain descrip-
tions of the conditions under which certain developments are currently
undertaken evoke concepts such as primitive accumulation, enclaves,
colonisation, and so on (as for instance in the Isthmus of Tehuantepec:
see Howe and Boyer 2015)® and remind us that renewable energy
resources are subject to diverse development paths. Setting aside cases
that might be deemed extreme, scholars have pointed at the progres-
sive fossilisation of renewable energies as they are developed by histor-
ical energy operators and adapted to fossil energy interests, institutions,
and infrastructures (Evrard 2013; Raman 2013). These analyses clearly
show that these new energies are poised between very different models
of development which associate to them very different types of politics
whose democratic reach needs to be analysed.

This should be enough for us to take leave of ready-made dichoto-
mies (renewable/non-renewable) and try follow the hybrid and shifting
ontologies of new energy resources—meaning the ways in which they
are known, defined, and practised, and the potential that is attached
to them. As emphasised by Richardson and Weszkalnys (2014), such
ontologies can only be understood through analyses that incorporate
the materiality of these resources.

2.2 Materiality and Becoming

The role of materiality has been acknowledged and conceptualised
in different ways in the social sciences, only some of which concern
resources. In STS, following suits with Latour proposal to overcome
the separation between nature and culture (1991), the assemblage—or
the agencement—of humans and non-humans has been foregrounded
as a source of agency underlying the properties of things.>!? In anthro-
pology, a significant body of work has taken an interest in the mate-
rial dimension of social interactions, particularly exploring the role of
commodities and artefacts as physical constituents of sociocultural

practices (Appadurai 1986; Miller 1987, 1998). In resource geography,
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the becoming of natural resources—which has long been recognised
(Zimmerman 1933)—was first approached from perspectives inter-
ested in the production or social construction of nature.!! The recent
penetration of STS and anthropology has, however, triggered a renewal
in approaches,'? taking things and materials as both productive assem-
blages (Bridge 2006, Bakker and Bridge 2006, pp. 18-19). These
changes also went along with a shift in focus, from activities such as
agriculture, fishing, hunting, or foraging, to resources and activities that
are more common in developed economies, such as: water (e.g., Folch
2015), minerals, oil (Weszkalnys 2011, 2013, 2014), gas (Kaup 2008),
forests, and biodiversity, as well as a few cases of renewable energy
resources (Howe 2014 and Pinker 2018, for wind; Alexander and Reno
2014, for waste).

Energy, like many other types of resources, is extracted from
milieux or vectors, such as subterranean geological formations or
wind, which are often thought of as given and natural. But the lim-
itations of this understanding become evident when we consider a
broader spectrum of resources, such as biomass (woods and forests
have changed through history) and DLS (which is currently under
construction in the electricity sector through contracts with and the
equipment of households; see below). Thus, resources are not simply
given. Milieux and vectors present themselves in more or less articu-
lated ways as energy resources. When it comes to the question of how
an entity can be turned into an energy resource, the term ‘materiality’
takes on a particular meaning.

Matter is not indifferent. It is neither inert nor unlimitedly mallea-
ble. For instance, the capacity to stock or release oil, controlling prices,
is decisive in the fight against unconventional fossil energies. So is the
differential in the underground concentration of these unconventional
resources, which influences—but does not determine—the cost of their
extraction. Materiality in such a process can thus be regarded as a prop-
osition in the sense proposed by Bruno Latour (2004). For Latour, a
proposition (unlike a statement) is not true or false, but more or less
articulate. Articulation is the process by which a proposition becomes
sensible and comes to matter. It is an endless process which takes on
board material and artificial components. It is a process of assemblage.
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Importantly, Tim Ingold (2007)!3 recently called for prudence in our
use of the notion of agency. In using it, he felt was projecting principles
of distributed action onto a substrate matter (material) that remained
inactive in the analyses. He suggested instead envisioning a ‘world of
materials’ (as opposed to a ‘material world’)—"life [for both humans
and non-humans]' itself undergoes continual generation in currents of
materials’ he wrote (Ingold 2007, p. 32)—in order to tell the szories of
the properties of materials. In short, he advocates engaging in the mate-
rial analysis of social relations, instead of doing a sociology of the mate-
rial. Cronon’s following of grain in his analysis of the making of the
metropolis of Chicago (1991) is for us a reference in this undertaking,
even if we do not follow a historical timeline or specifically analyse the
joint spatial structuring of a region.

The first attempts at drawing more systematically on these explora-
tions of materiality in order to explore the ‘resourceness’ of resources
are still recent (Ferry and Limbert 2008; Richardson and Weszkalnys
2014). They conceptualise resource making as a material process, mean-
ing the ‘conjunction of the material and the social, without the social
swallowing the material’ (Knappet 2007). They take issue with a narrow
focus on commodities, a reduction of materiality to either substance or
pure discursive construction. They present resource-making as a process
of boundary-making, emphasise its non-linear and hybrid dimensions
and call for looking at materiality at any point in this process. In other
words, they argue that resources do not exist in fixed and finite states,
and that their analysis should follow their transformations and circula-
tion among multiple states of being.

2.3 Process

Building on these insights, we propose to follow the transformations
of renewable energy resources from a state of heterogeneity—as they
appear in their milieu—to a more homogeneous and stable state, suita-
ble for use. Along the way, we describe the stories of the materials (their
changing properties), and the strategies and rivalries through which
socio-technical collectives try to take advantage of the possibilities
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(concentrations, accumulations, re-allocations...) offered all along these
transformations.

In working from this proposal, we incorporate three methodologi-
cal propositions in our analysis: (i) the first is the imperative to focus on
transformations, that is, to follow resources as they are transformed from
production to use; (ii) the second is to account for materiality as rela-
tional, that is, to approach materiality and its properties as stemming
from assemblages (including artefacts, infrastructures, knowledge, dis-
courses, practices...). As Ingold (2007) suggests, materiality can be
accounted for by telling the stories of these properties as they emerge in
the flows of materials (how they come into being). (iii) The third meth-
odological proposition is to follow resource ontologies, that is, to account
for the various ways in which resources are known, experienced, valued,
and defined by the different actors involved in their successive trans-
formations, the properties that are associated with these resources, and
the interplay (tensions or synergies) that results from these multiple
ontologies.!>

We thus consider the process of becoming an energy resource as a
set of transformations from untamed, heterogencous, or difficult-to-
access forms of energy (wind, solar radiation, marine currents, wood
biomass...) to the production of energy services, possibly but not nec-
essarily including the consumption of a standard energy commodity
(kilowatt-hours, calories...). In a first approach, this process may be
described in terms of six transformations, as seen in Fig. 1.

“Things-that-are-there’, in their supporting environment, must be
qualitatively specified as an energy deposit, and their energy poten-
tial most often quantified. For instance, in the case of wind energy,
national institutions map wind speed on their territory, wind farm
developers install measuring poles at the site where they plan to develop
a wind farm. The corresponding entity (the wind) must also be har-
nessed through specific socio-technical devices (rotating blades) and
operations in order to extract its energy (the kinetic energy of the wind
is converted into mechanical energy through the rotation of the blades).
Since this primary form of energy cannot be used directly, the poten-
tial energy contained in it must be extracted and converted (the rota-
tion is converted into electrical energy by an alternator). This secondary
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Fig. 1 The process of becoming an energy resource

energy may need to be provisioned in order to postpone its use in case
of self-consumption, or to scale it up and make it potentially avail-
able for widespread uses. This can be done through physical processes
(the electrical energy can be converted into chemical matter/energy
through a battery) or other socio-technical devices or infrastructure
(for instance, by injecting the electricity into a widely interconnected
electrical grid, which makes it possible to average out variations in local
production). The energy thus obtained and provisioned can then be
distributed (circulated through the grid to the end users) and, possibly,
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commercialised (offered for sale under different commercial contracts
and qualifications).

Each of these transformations involves actors (e.g., national energy
agencies, wind power developers, turbine makers and insurance com-
panies for the turbines, wind farm developers, local territories and ter-
ritorial institutions, landowning farmers, grid operators, utilities...),
socio-technical devices (e.g., measuring poles, paperwork, turbines,
grid infrastructure, computers, software, meters...), social-natural envi-
ronments (e.g., wind, birds, bats, landscapes...), know-how, etc. Their
assembly must be articulated so as to allow for continuity and stability
at each stage of the process and across the whole process. This has onto-
logical consequences, as it yields a relational assemblage in which the
attribution, roles, and affordances of these entities are redefined.

Figure 1 sketches this process as a loop in order to account for the
possibility of recycling energy (e.g., heat recycling in co-generation pro-
cesses, using ‘fatal’ energy...). This way of sketching the process also
aims to allow for the steps in the process not being aligned in succes-
sion.!® This figure should thus be regarded as an experimental step,
a way of structuring our inquiry and learning from case studies.

2.4 Political Effects

Our interest in analysing this process is to explore its democratic dimen-
sion: that is, to acknowledge the various entities engaged in the making
of energy resources, the changing properties of these entities and their
resulting capacity to be recognised as relevant to this process.

To continue on with our example, wind is not the only resource
engaged in converting wind into a consumable (potentially green) kWh.
It is thus important to account for the resources other than wind—such
as wildlife, farmers’ land, landscapes, and local solidarities—that are
engaged in this becoming, and to highlight the extent to which they
are given room to be accounted for and become relevant in the develop-
ment of wind power.

In order to specify this, we take inspiration from notion proposed
by commodity chain analysis. Recent work in critical geography has
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Table 1 Dimensions of the commodification process (Source Nadai and
Labussiere, inspired by Castree, 2003)

e Privatisation: assigning rights to a named individual, group or institution

¢ Alienability: the possibility, for the commodity, of being physically and mor-
ally separated from its seller

e Individuation: the representational and physical act of separation from a
supporting context (water from its environment)

e Abstraction: the assimilation of the qualitative specificity of a thing to the
qualitative homogeneity of a broader type or process (allows, for instance,
for unproblematic equivalence, as when a wetland here is made replaceable
by a wetland elsewhere)

e Valuation: how things take on specific form of value (for instance, blindly
profit-driven in capitalist society)

e Displacement: how something appears as other than itself (spatiotemporal
separation of production and consumption, so that, for example, you cannot
see the exploitation of South African workers included in Italian handmade
gold jewellery)

used the notions of ‘commodity’ and ‘commodification’ to highlight
that the status of commodity, rather than being intrinsic to entities, is
assigned to them. Commodification,!” the process by which commodi-
ties are constructed, can thus be regarded as a work of framing, attach-
ing/detaching, and assembling. Capitalist commodification is broadly
associated with a set of dimensions (cf. Table 1), not all of which are
required (Castree 2003).!8

These dimensions help us tease out and think through the transfor-
mations by which entities are detached from their surrounding environ-
ments and appropriated as energy resources, as well the ways in which
such transformations are made legible to all, or not. It is thus impor-
tant to highlight what commodity chain analysts have termed ‘displace-
ment’: the fact of making the thing appear different to different actors
(Hartwick 1998)! in order to limit widespread politicisation of issues.

In what follows, we will underline different articulations between
displacement and ways of pooling energy (§4.1). We will empha-
sise the political effects of pooling and how these are smoothed by dis-
placements, especially in the functioning of the electricity grid (§4.2).
However, displacement, as understood by Marxist analysts, would not
have any relevance to the analysis of political effects if resources did
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not change affordances and identities as the process of their becoming
unfolds. Displacement thus should be regarded as a particular instance
of what Mol (1999) termed multiplicity, an instance in which the mul-
tiple ontologies of something are purposefully kept separated. It con-
trasts with both the case of anaemia in Mol’s analysis and her definition
of multiplicity as a situation in which conflicting ontologies interfere
and can become mutually supportive. This suggests that we should not
limit our exploration to pinpointing the political effects of displace-
ments, but try to chart the multiple ontologies at work in the processes
that we explore, as well as their political implications.

As a way to test the analytical potential of our framework, we explore
processes of becoming in four different resource cases: wind, solar, bio-
mass energy, and DLS. These cases include electrical and non-electri-
cal vectors, as well as different types of sourcing of energy production.
Some appear more ‘nature-like’ (wind, sun, biomass), while one (dis-
tributed load shedding) has a more striking social dimension.

3 Energy Resources and Their Becoming

In what follows, we use the case of French wind power to develop our
methodology and follow the transformations of wind into an energy
resource in detail. The other case studies are not as detailed. We focus
our exploration on dimensions that we feel are complementary in order
to set the stage for a final discussion on pooling, multiplicity, and their
political effects.

3.1  French Onshore Wind Power
Powering the Wind, Liberalising the Electricity Sector

In France, as in many other countries, the development of wind power
has leaned on the progressive adoption of a favourable policy frame-
work. After a period of ambivalence during the mid-nineties, this
framework was marked by a decisive step in the early 2000s with the
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adoption of a fixed feed-in tariff, above the market price, for kWh of
renewable energy.

This was part of a process of liberalisation of the electricity sector in
the EU, which was gradually implemented in France and which deeply
modified the country’s energy sector. France unbundled its former elec-
tricity monopoly and initiated a diversification of its electricity through
a series of measures, including the adoption of the feed-in tariff for
renewable electricity (2001).

The feed-in tariff represents first and foremost a techno-economic
framing. By granting (for 20 years) a tariff above the market price for
any renewable energy (ReN) kWh, it targets private developers as eco-
nomic actors and aims to trigger investments in wind power technol-
ogy. This economic incentive was complemented with two important
measures: Wind farms were granted the status of electricity-generating
facilities (authorisation of production) as well as priority for injection
into the grid. As of the year 2001, these were the only measures that
had been adopted, a situation which clearly reflected French regulators’
belief that economic incentives and private business alone could take
charge of assembling the wind as a source of power.

Contrary to expectations, many different interests and concerns were
triggered by these measures. The electrical grid operator expressed
concern with the impact of a decentralisation of electricity production
and the variability of wind power production (‘intermittency’) on the
functioning of the grid, and in particular on short-term balancing and
long-term capacity management. Wind power developers complained
about the multiple issues they faced in developing their projects, such
as considerations of landscape, fauna, and flora in impact studies, and
grid connection authorisations. They continuously demanded that the
state streamline procedures (Nadai and Labussiere 2009). Local inhab-
itants perceived the development of (privately owned) wind power as a
radical change in the French state’s approach to energy. They bemoaned
both a departure from the public interest and the private appropriation
of the wind, which they often claimed to be a local/collective/territorial
resource. Building on the ecological political ideal associated with
renewable energies, local collectives engaged in alternative ways of
developing and appropriating wind power projects and the electricity
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that came out of them (Nadai and Debourdeau 2015). Surprisingly,
legal doctrines had left the ownership of the wind unspecified
(Le Baut-Ferrarése 2012). Both in the EU in general and in France in
particular, wind power policy emerged in midstream, with a heated
debate on the merits of different policy instruments (i.e. pricing,
bonuses, quota certificates), setting aside, unchallenged, the status of
the resource and its modes of appropriation. In many places, this con-
tributed to making the distribution of wind power benefits problematic,
for this issue had to be resolved in and around individual projects, in a
context where actors’ interests were already formed (some had invested
funds, others had expectations).

Thus the establishment of the conditions for wind to become an
energy resource—what we are calling its ‘powering—followed, in
France, a path that has framed wind power as a privately developed,
grid-connected, publicly supported and regulated form of energy. Along
the way, this impelled actors to find ways of assembling the proliferat-
ing materiality of the wind, of the turbines and of their electrical out-
comes, with other types of materiality already in place in several spheres
of action, such as landscape uses/protection and the electrical grid.

A chain of transformations of energy from the wind emerged, partly
inherited from the existing French electrical system. It structures a dis-
placement of this energy, which is perceptible in the disconnection
between the controversies surrounding projects development and elec-
trical consumers’ depoliticised perception of the associated kWh. In
what follows we will specify the mechanism and political effects of this
displacement.

Mapping the Wind, Averaging Out Turbulences,
Channelling Explorations and Powers

Wind is a complex phenomenon. It is a part of local weather as well
as of multi-scalar meteorological systems. Wind can be patterned on a
given scale and turbulent and unpatterned on other scales. The existence
of wind as an energy certainly does not date from the time of indus-
trial wind power: wind has long allowed birds to migrate, boats to sail,
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and mills to grind. But the powering of the wind, defined as its assem-
blage with electricity (as an energy vector), is unprecedented. This is all
the more true under feed-in tariff support of the French type, which
turns the power from the wind into a grid-connected type of energy and
frames the issue of averaging wind variations as a large-scale grid-related
issue.?”

In France, one of the first operations underlying the powering of the
wind was the mapping of average wind speed over the entire French
territory. This was jointly initiated during the 1990s by the French
Environment and Energy Management Agency (Ademe) and the
French regions, with a view to providing wind power developers with
clues about which regions are windier. Wind mapping was also always
closely articulated to grid-related issues: the question of how much
wind power could be integrated into the grid without unbalancing it
is central. This politicisation of the turbulence of the wind was explicit
in 2005 parliamentary discussions in which ecologists foregrounded
the existence of three distinct wind basins in France, advocating for
the possibility of averaging out variations in production on a national
level. The issue has since persisted, again featuring in a recent debate
about the feasibility of 100% renewable electricity production in
France. This scenario, recently issued by the Ademe, was advocated on
several grounds, including a detailed, online, multi-scalar mapping of
wind speeds and variations, which demonstrated that variations in wind
power production can be average out on a day-to-day basis at a regional
scale.?! This spatiotemporal ordering of the turbulence of the wind
not only changes how it is qualified (wind is no longer an untamed
resource); it also posits regions as potential key actors in its powering.

Harnessing the Flow and Extracting and Appropriating Energy

One of the first operations in harnessing the wind is to approach
its force on a finer scale, that of the siting of the turbines. Measuring
poles, set up for a few months, are the usual way that developers gauge
the presence and energy of the wind on a site. The pole allows a blade
to be placed at a sufficient height to avoid ground-level turbulence.
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It replicates the logic and design of horizontal axis turbines, the most
developed technology, in harnessing the wind.

The physical encounter of the wind with the blades of the wind tur-
bine extracts the kinetic force of the wind (individuation) and turns it
into a mechanical force (rotation). It is also the point where the wind’s
energy is appropriated. While the legal status of the wind has remained
undefined, its conversion into a mechanical force through the rotor of
the machine transfers it to the machine’s owner: the developer.

Displacing Energy, Scaling Up the Power of the Wind

The rotating blades drive a gear system which allows a shaft alternator
(1500 rpm) to generate electricity. But the electrical grid is an assem-
blage that imposes standards: any electrical flow intended to circulate in
the grid—to be ‘injected’ into it—must meet specific technical require-
ments. Grid injection requires a physical transformation of the electrical
current that comes out of the alternator: a transformer located in the
tower of the wind turbine increases the voltage up to 20 kV.

This physical transformation underpins a change in the status of the
kWh. Once it has been injected into the grid, a kWh coming out of
the turbine becomes part and parcel of the electrical flow, like any other
kWh, renewable or not. Not only is its geographical origin (coming out
of this specific wind farm) lost, but its ‘renewable’ origin is also physi-
cally blurred. It would be lost altogether had a system of ‘guarantee of
origin’ not been created,?? which allows for the circulation and trading
of the ‘renewable’ labelling of wind power electricity. At the point of
injection, this quality is detached from the physical electrical current
and abstracted as an informational asset: a certificate, which is in fact a
computer file. This certificate can then be traded and re-bundled with
the conventional electrical current as a commercial ‘green electricity’
product, and offered as such to end users by some electricity producers.

The individuation of wind electricity—in Castree’s sense of a separa-
tion of this electricity from its supporting environment and context—is
thus at the core of this chain of operations. Importantly, this ‘individ-
uation’ results in a pooling of kWhs and the loss of their singularity.
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Their collective origin (as the outcome of a particular wind farm) is
detached from them, re-cast as a generic attribute (renewability), and
materialised by a computer file that can be traded and re-bundled with
any standard kWh. This displacement is not hidden to the final electric-
ity consumer. Commercial contracts blankly state that, by contracting
green electricity, final users only contribute to the overall remuneration
of renewable electricity producers to the extent of their purchase. Yet,
the eligibility of a production infrastructure to the ‘guarantee of ori-
gin’ is ultimately?® based on the Energy Code definition of ‘renewable
energy’, which clearly naturalises it: the Code simply lists a few types
of energies that are considered renewable, without any consideration or
provision regarding the ways in which they were actually assembled as
energy resources. Therefore, while the displacement that takes place in
the guarantee of origin is transparent to the final consumer, its mean-
ing—that is, the extent to which the projects remunerated through the
renewable certificate were actually assembled in a sustainable way or
not—cannot be traced.

Grid Electricity as a Complete Extractive Energy

Electricity (in the grid) here appears as a vector that almost completely
separates the energy from its supporting environment, because it simul-
taneously erases both its geographical origin and its qualitative construc-
tion. The only dimension of the original resource that lingers on in grid
electricity is its quantitative variations. As has been emphasised in many
studies, the ‘intermittency’ of wind electricity is perceived as a threat to
both grid management practices and the environmental performance of
wind energy®* (e.g., Howe and Boyer 2015). The remaining quantita-
tive variability of this electrical production is mainly addressed through
the development of backup capacity and the scaling-up of the grid: grid
interconnection allows averaging out variations in electrical production
from different areas, regions, and countries in Europe. Importantly, the
way in which the variations of the wind resource are averaged out—
either through depositing (see above) or through electrical organisation
(backup capacities and interconnection)—is decisive for the politics of
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wind power, because it determines who is empowered in framing its
potential (local authorities or the grid manager).

In the end, because of the grid-connected construction of wind
power, the process through which wind becomes an energy resource is
roughly divided into two parts (see Fig. 2).

In the upstream part of the process, made up of ‘depositing - harness-
ing - extraction’, the untamed wind is turned into uneven, but appropri-
ated, electrical energy, to be injected into the grid. On a practical level,
this covers the mapping of wind deposits on various scales, the develop-
ment of wind farm projects including their siting, and the extraction/
conversion of the wind’s kinetic energy by the turbines. This is thus
the part of the chain in which territorial resources such as land, land-
scape, and local collectives are brought into project development and
planning.

The downstream part is made up of ‘provisioning - distribution - com-
mercialisation’. Here the kinetic energy of the wind, once extracted
through the turbine as appropriated but uneven electrical energy (alter-
nator), enters a genuine commodification process, including both the
physical transformation of the energy (transformer, merging with the
broader electrical flow) and its abstraction as an informational asset
(standard kWh; certificate of guarantee) that can be separately traded
and re-bundled as a marketable product (‘green kWh’). As they are
faced with somewhat standard commodities—this green differentiation
still remains marginal in France (and in other countries)—users and
uses are somewhat sidetracked in this process (this is why ‘use’ does not
appear in Fig. 2).2

Previous case studies in the academic literature have emphasised the
difhiculties faced in attempting to assemble wind power projects in a
sustainable way at the local level (Labussi¢re and Nadai 2014; Jolivet
and Heiskane 2010; Aitken 2010a). Seen from a local perspective, these
difficulties are often perceived, and have been thematised, as resulting
from inadequate spatial planning (Aitken 2010b; Geraint et al. 2009).
Our analysis sheds a more incisive light on these difficulties and on the
role of French institutions. By dividing the chain into two parts, feed-in
tariffs and guarantees of origin create a break in the articulation of
sustainability and renewability. In the upstream part of the chain, the



68 A. Nadai and O. Labussiére

Depositing  Harnessing Extraction Provisioning Distribution Commerci
> ) . . ) ) alisation
O | turning the  capturing the extracting the  entering the transporting the energy
@ |untamed  wind  untamed wind energy from  extracted  energy (o the places where itis exchanging
g into a deposit the wind into a provisioning to be used the  energy
o system for  money
< with the final
= user
Q
< S T T S-S - S S U= St R
e from untamed to from testing from blades to from local from electricity Electrical
@ | wind measures/ poles to wind grid connection transformer to marketplaces to meter  and
©) | maps of potential turbine blades [upstream local electricity distribution grid downstream
E transformer] marketplaces (upstream meter) electrical
meter
o
o
[
m
Abstraction Individuati iati - - . .
ndividuation Appropriation Individuation. ;
untamed untamed wind /  alienability ;
. X abstraction uneven
wind framed as laminar ~ wind on
brought into wind. artly  blades, kineti Producti clec. cnerg. turned
) , p‘ Yy ades, kinetic roduction into grid compatible
representati separable  from  energy turned and
on throueh i N alternat. elec.
u .
lg/ sup[:orllng 1[11to .uneven connection current, kWh made
map meter c p § ) . !
secl:)nd . ;(;nlex y A]lemamve authoris. physically all the
a lsome f racdmn ind elect.  energy same (and standard
= me un am? wm’ (alltemamr), kWh) through elec.
Q| criteria made ‘renewable’  privately 5
© Feed-in transformer.
s energy through owned
o administrative tariffs
5 authorisations Ab "
o« (incl. production + straciion .
. ReN kWh quality detached and
auth., permit, . . . .
. . Guarantee of circulated as information (guarantee of
impact  studies, oriein o
risk  assessment € origin)
) Displacement ~ ReN quality redefined
L - as generic attribute of kWh, and
rebundled  into commercial product
(‘green kWh’)
Wind power industry, turbine insurance
{ < > Electricity
o Utilities, DSO/TSO, grid providers, final
>
s Wind power developers - manager e elec consumers
® * >
8 P Local actors -
2
=
o Local state
o < >
°
(8}
o French state/govt. -
< >

Fig. 2 Wind and the process of becoming an energy resource (Source Nadai and
Labussiere 2017)
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construction of sustainability for wind energy wrestles with the materi-
ality of many resources. This construction often gives rise to challenges
at the local level. In France, the administrative authorisation of projects
establishes a distinction, and a clear-cut separation, between renewabil-
ity and sustainability. Sustainability is addressed implicitly through pro-
ject authorisations and is left unapparent in the downstream part of the
chain. Distinctly and separately, renewability is circulated in the down-
stream part of the chain. It goes unchallenged partly because its reduc-
tion to a physical dimension is enshrined in the legal and regulatory
environment in which the feed-in tariff is embedded (authorisation of
production, Energy Code): any project using wind energy is automati-
cally defined as ‘renewable’.

Importantly, this distinction and separation allow renewability to be
detached from the material dimension of the resources and attached to the
materiality of a tradable certificate (the guarantee of origin). It paves the
way for the commercial re-bundling of renewability into ‘green’ electric-
ity—a more encompassing notion—and for its large-scale trading on
the electricity market.

This comes on top of the support granted through the tariff. It results
in an additional incentive to develop projects which does more than
accelerate the pace of wind power development: it favours market-based
assemblages over territorial ones. Indeed, since any project that succeeds
in getting the administrative authorisations—whatever the actual sus-
tainability of its assemblage—then stands on equal footing with other
projects, those that gain these authorisations with the least work are
better off.

‘Aeolian Politics’, Manoeuvring Through the Materiality of the
Electrical Grid

Many, if not most analyses of the development of wind power have
highlighted the upstream part of the chain, emphasising tensions and
oppositions associated to cognate resources (land, landscape...). Howe
and Boyer (2015) proposed the notion of ‘aeolian politics’ as a way of
deconstructing wind power as a unified object, inviting us to explore
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the ‘multiple and contingent political trajectories of the wind, as it is
domesticated for electric energy’.

Although a great deal remains to be explored, following electricity
from its emergence in the turbines through its transformations and cir-
culation in the grid allowed us to highlight the centrality of powering as
the socio-material operation of assembling the wind with electricity and
the electrical grid. It suggests that actual aeolian politics, while multi-
ple, as Howe and Boyer argue, is specifically a politics of manoeuvring
through the materiality of the electrical grid and its scaling-up (through
individuation and displacement). Aeolian politics works around and in
the interstices of the grid. This manoeuvring depends on multiple fac-
tors, including the flexibility offered by the type of technology used
to harnessing the energy, as we will now see it with cases in solar PV
development.

3.2 Solar Photovoltaics

The powering of solar energy shares a great deal with that of wind
power in the associated manoeuvring through the socio-material
organisation of the electrical grid.?® Compared to wind power, how-
ever, important differences have arisen in the case of photovoltaics
because of the materiality of the technology developed to harness it,
notably its modularity. Existing PV technology has been conceived
and designed on the basis of modular panels, allowing projects to be
developed very simply, on a variety of scales and with limited techni-
cal requirements. This allows for a certain flexibility in how projects
are approached. It also makes PV development very sensitive to price
changes, both in the value of the feed-in tariff and in the price of the
panels sold on a global PV panel market as the PV industry develops.
Accordingly, case studies on this resource reveal a greater diversity of
attempts to politicise the upstream part of the chain than for wind
power (even though ours is a restricted sample, which does not include
any off-grid cases).
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Modulating Projects, Tailoring the Resource

An example within the great variety of PV projects are three collective
PV projects carried out in France: ‘Les Fermes de Figeac’, a mutualised
PV project carried out by an agricultural cooperative in the Ségala-
Limargue area, in the Lot department (southwestern France) (see
Cointe 2016), and two ‘Fermes Solaires” collective PV initiatives devel-
oped in the Rhone-Alpes region. Here we explore how the depositing,
harnessing of the solar resource were arranged materially and collec-
tively, and how the modularity of PV was exploited to tailor and con-
struct the resource in ways that (more or less successfully) attached it
with specific social and political objectives.

Arguably, at the beginning of the ‘Fermes de Figeac’, project,
the resource (or the deposit) did not exist independently: the phys-
ical solar resource itself was not evaluated in detail, only estimates of
mean annual solar radiation were used in the business model. Instead,
the resource was constructed in relation to the territory of the project,
the planned organisation and objectives of the project (selling electric-
ity on the grid, developing a new source of revenues and activities for
the territory). It was approached rooftop by rooftop, according to the
particular rooftops’ exposure to sunshine, the material and legal feasi-
bility of installing PV panels on each roof, the possibility of connecting
the installation to the electric grid at a reasonable cost, and the capacity
of the owners of the buildings to contribute financially to the project.
Rooftops that did not meet required conditions were excluded.

The Rhone-Alpes ‘Fermes Solaires’ PV initiatives somewhat con-
firms the idea that the solar resource is constructed through assembling
the project. Yet, they offer a slightly more detailed perspective on this
assembling and its implication for the resource. In 2010, in the Rhéone-
Alpes region (south-eastern France), eight pilot initiatives for the devel-
opment of cooperative solar PV projects were launched. Their initiators’
ambition was to develop coherent multiple-roof/multiple-roof-owner
(public and private) projects. These projects were again to be based
on grouped rather than isolated roofs, taking into account cognate
issues such as landscape, granting access to solar benefits to all, and
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prioritising energy-efficient roofs. This partly came as a reaction to the
then-dominant form of PV projects approached as financial assets by
private developers.

As in the Fermes de Figeac case, the constitution, or depositing, of the
solar resource called for the selection of a common pool of roofs, and this
operation required taking into account their multiple heterogeneities (sur-
faces, slopes, orientations, ownership, architecture, landscape and co-visibility
issues, distances to grid connection points). The way in which roofs were
added or subtracted from the pool, and the dimensions that were taken into
account in making these decisions, however reflected the way in which local
actors took hold of the resource (Fontaine and Labussiere 2015).

In the first case study, in the Regional Natural Park of Pilat (RA1),
project managers started working with GIS software and datasets. They
created maps of solar intensity (hours of sunshine/year) and landscape
impact (underlining areas with more or less co-visibility with the future
PV developments), adding factors related to the features of the roofs,
such as the owner’s motivations and the specific feed-in tariff category
corresponding to the type of roof. The maps were then juxtaposed in
order to identify promising areas and groups of roofs that matched all
factors (good solar intensity, low landscape impact, good surfaces with
good feed-in tariffs, roof owner’s involvement). This in turn allowed the
grid manager (DSO-ERDF) to assess connection costs. As the local grid
architecture did not match with the most promising groups of roofs,
these costs ended up being too expensive for the project, which had to
adapt to the capacities of the grid. However, the logic of identifying
promising groups of roofs was not abandoned and the project managers
continued to use the maps to combine a large set of dimensions while
meeting the constraints imposed by the grid. The same logic ruled over
the final assessment and adjustment of the projects financial viability.
Eventually, the project succeeded in dealing with grid constraints while
maintaining a collective, innovative approach to the solar resource, one
that approached it not only in terms of its physicality (solar intensity)
but also of a sum of related materialities.

In the second case, in the Regional Natural Park of Massif des
Bauges (RA2), local project managers also sought to assemble a collec-
tive project, but they proceeded in a different way and relied on other
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instruments. While the pilot site was first selected by exploring the same
dimensions as in the Pilat project, they then proceeded by translating
the potential of each roof into a quantitative index in order to rank
them in a table and only keep those corresponding to the best lines/
scores. When the grid managers reported the corresponding grid con-
nection costs, not only did many roofs become too costly to connect,
but the gap between the roofs was so wide that the owners of the most
profitable ones decided to leave the collective operation and opt for
individual developments. The project was then restarted within a larger
perimeter, including dispersed roofs with few elements of collective
coherence. Some roofs were chosen for their economic profitability in
order to offset less profitable ones.

Both collectives started to produce electricity between late 2014 and
early 2015, with operations pooling seven or eight roofs and producing
similar amounts of power (70 and 60 kWp). However, the solar resource
assembled in the two was qualitatively different, as the project in the
Massif des Bauges did not incorporate the many dimensions and forms
of materiality that the Pilat collective succeeded in taking on board.

In both of these projects the status of the solar resource was nei-
ther discussed per se nor agreed upon in advance. Its status and con-
tent emerged in-the-making, as the solar projects were developed. The
architecture of the electric grid was a key disruptive factor, because it
imposed a spatial structure, through connection costs, that did not
match the solar deposit as assembled by local collectives. In this con-
text, different approaches to project development seemed to underwrite
different potentials. One logic of adding and subtracting roofs to the
collective entity contributed to making heterogeneity an asset, while
another made it a barrier. Such differences also underlie the resulting
distribution of revenues from the project, as we will now detail in the
case of the ‘Fermes de Figeac'.

Tailoring the Resource, Tailoring the Politics of Redistribution

Les Fermes de Figeac’ consists in a ‘diffuse’ PV installed on about a
hundred rooftops. The PV installations on all of the roofs in project
are owned and operated by a single entity, SAS Ségala Agriculture et
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Energie Solaire (SAS SAES). This entity pools the solar resource and
sells it to Electricité de France (EDF), the former electricity monopoly
of France, which is in charge of managing the feed-in tariff, after which
it proceeds downstream in the same way as any other form of electric-
ity fed into the grid. In the case of the Fermes de Figeac, the revenues
are then mutualised and distributed among the owners of the roofs on
which the PV systems are installed. Here we explore how the harness-
ing, and extraction of the solar resource were arranged materially and
collectively in this case, and how the modularity of PV was exploited to
develop a mutualised project that nevertheless fits with the individual
investment logic of feed-in tariffs.

To harness solar radiation and mutualise the resulting returns, the
rooftops had to be collectively pooled. This required the deployment of
financial, technical, and social resources in order to redefine the roof-
tops’ status, transforming them into power plants. To this end, roofs
were rented to the private entity set up for the purpose (SAS SAES),
and their owners contributed 20% of the investment required to pur-
chase and install PV panels on them. The SAS SAES then centralised
all the administrative, financial, and technical procedures to install the
PV park and trade the power generated. To capture as much of the dis-
persed solar energy as possible, the SAS SAES also established a system
of collective monitoring and territorialised maintenance that aimed to
increase performance. It thus made the most of its precise knowledge
of both the geographical area and the group of farmers and buildings
in the project to optimise maintenance and maximise its control of the
resource.

The extraction of the resource then takes place ‘within’ the PV
installations. The conversion of solar radiation into electric current is
encapsulated in the photovoltaic cell, and the conversion of this direct
current into alternating current virtually identical to that which circu-
lates through the grid takes place via the balance-of-systems compo-
nents of the PV installations (particularly inverters). The project is also
equipped to monitor harnessing and extraction, relying on meters and
on information transmitted by inverters and centralised by the SAS
SAES, which operates all the installations. The maintenance system—
and the collective surveillance encouraged by mutualisation, in which
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all lose if one panel has a problem—is designed to ensure that extrac-
tion goes well and to ensure rapid action on potential failures or acci-
dents, but other than that the collective is not directly involved in
extraction.

The modularity of PV thus allowed the cooperative to develop a project
in which extraction remained dispersed, while the resource was harnessed
collectively. Mutualisation, which was made possible by a combination
of material, organisational, and financial displacements and negoti-
ations, serves as the matrix for a collective and politicised pooling of
the resource. The modularity of PV technologies, combined with the
organisation of the downstream chain (provision, distribution, and
commercialisation) around the central electricity grid, are crucial in this
model, because they make possible its peculiar spatial articulation. The
PV installations are dispersed across a large geographical area, and their
product is ‘virtually’ concentrated in the possession of a single owner
which then redistributes the resulting revenues.

All together, these PV case studies reflect the difficult but nonethe-
less possible politicisation of the socio-material construction of the PV
resource around, or in the interstices of, the dominant mode of pooling
the electrical resource. They also point at the decisive role of both mate-
riality and how it is assembled (hierarchy vs. contiguity, market fram-
ing) in the becoming of solar radiation as an energy resource. Just as
these factors are decisive for the pooling of the resource (depositing/har-
nessing), so they are for the course of policy instruments (overflowing/
reframing of PV feed-in tariffs), as we will now illustrate.

Fluid Technology, Ubiquitous Resource and the Challenging
of the Tariff

One striking difference between solar PV and wind power has been
the rhythm and fluidity of PV development, which ended up chal-
lenging the management the PV tariff in several countries, including
France (Cointe 2015). In France and many other countries, PV pan-
els have been turned into financial products through market-based
agencements (Debourdeau 2011). Modular design and market framing
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allowed a great variety of actors to benefit from feed-in tariffs, provided
they developed PV as a somewhat standard market product: individual
projects, individual profits, simple design (plug-and-play). This contrib-
uted to making PV development extremely sensitive to price variations
(feed-in value, price of PV panels on the global market) and extremely
difficult for policymakers to follow and monitor in order to dynami-
cally adjust the feed-in tariff. The beneficiaries of this tariff were also so
heterogeneous that it was very difficult for them to come together as a
collective, which made collective negotiations around the tariff almost
impossible. This contributed to challenging and reframing the tariff,
with a brutal stop-and-go approach to policy design, in an attempt to
control and regulate PV development, to limit its collective and political
costs.

These elements of the uneven success of solar radiation’s becoming
an energy resource suggest two remarks concerning the role of mate-
riality in such processes of becoming. First, compared to wind power,
the socio-materiality of PV technology resulted in strikingly different
effects. Second, the contrast between the difficulty of building a collec-
tive around a socio-economic device (feed-in tariffs) and the pooling
which happened around roofs (material things) underlines the signifi-
cance of the present chapter’s focus on socio-materiality.

3.3 Biomass Energy, Configuring Access, Qualifying
the Resource

Biomass is a distributed kind of thing. It presents itself in a spatially,
physically, and temporally distributed manner that relates to the sin-
gular stories of vegetal entities, their implantation, their appropriation,
and their temporalities (growth/harvesting cycles, becoming through
exploitation or events such as storms...). Accordingly, the biomass case
studies that we explore below emphasise issues of accessing distrib-
uted and often already-appropriated biomass matter and in conceiv-
ing ways of profiting from it as energy. These result in biomass energy
assemblages that give certain kinds of biomass (stumps, small woods)
new affordances while allocating power to certain actors. They also take
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part in attempts to balance material cycles (carbon), which is key in bio-
mass energy production. Stock and flow have to be managed in accord-
ance with the temporality and spatiality of plants’ growth cycles. The
management of harvesting is thus also key. The two French case stud-
ies that we will now present, in the Aquitaine (Dehez and Banos 2017)
and Rhénes-Alpes regions (Tabourdeau and Chauvin 2015), illustrate
contrasting assemblages and forms of energy-becoming of biomass
resources.

Aquitaine is a region within the Landes de Gascogne, a large area
of privately owned pine forest land on the French Southwest Atlantic
coast, where the paper industry is a major presence. Recently, the estab-
lishment of a biomass energy sector in the Aquitaine region has put
strains on the wood resource. Technological upscaling (installation
of new boilers in the paper industry) in a post-storm context (1999)
favoured the take-off of tree stump harvesting and processing (for
energy). As the strain on the resource remained intense, Aquitaine paper
producers began to develop control over the resource in Dordogne,
a nearby forest area.

These strategies can be regarded as an attempt to balance material
(carbon) cycles. The exploitation of tree stumps as an energy resource
has two statuses: as an input when left to decompose on the spot; and
as an output when harvested and processed for energy production. Both
the work involved in processing tree stumps (grinding, calibration,
drying...) and the characteristics of the energy equipment used (boiler
size and capacity to process heterogeneous wood matter) are essential
in adjusting the conversion of a stock of heterogeneous matter (wood
stumps) into an energy resource. As part of this assemblage, ongoing
issues about information concerning the resource and the access to it
(its localisation and quantification) reflect active strategies used to main-
tain control over it.

In Rhone-Alpes (a second case study), the materiality of this access
to the wood resource is managed through collective databases: these are
aimed at harmonising and making more transparent the assessment of
the resource coming from different actors. Information about deposits
is organised in terms of two broad categorisations: heat vs. electricity,
first, and collective, private, or industrial use, second. In this encoding,
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the socio-materiality of the wood—such as the difficulties of spatial
access, the temporality of the resource (regeneration/renewability), or
its pooling (negotiation of a collective contract)—is no longer readable.
Undeveloped parcels are encoded as ‘inaccessible’, which significantly
blurs the assessment of the actual wood resource.

While in the Aquitaine, spatial and physical access to tree stumps is
easy and thus not an issue (flat land, lines of trees), this is not the case
in Rhone-Alpes (steep slopes, bushes...). In order to fine-tune their
assessment, Rhone-Alpes foresters used to describe deposits in a step-
wise manner, considering (i) the ‘morphology of the resource’, then (ii)
a ‘theoretical potential’ derived from a purely forestry-based vision, and
finally (iii) an ‘economic potential’ reflecting profitability as assessed
according to the current availability of the wood resource. Although this
description was more sophisticated, it continued to deduce the size and
the characteristics of the actual deposit from the individual assessments
of private owners.

In order to reopen a potential for exploitation of the resource, for-
esters started to share and collectivise the available information on the
resource. Sharing these data allowed them to collectively challenge the
conditions of its accessibility and overcome the frequent tendency to
equate ‘unexploited’ and ‘inaccessible’ biomass. A plot that could not
be accessed individually (a particular plot by its individual owner and
the owner’s equipment) could become accessible once pooled together
with other plots and owners, under conditions of collective investment.
A potential that was deemed to be unexploitable could be brought into
a social and material re-composition. Here, the conditions of access to
the resource were re-composed, as were the related property rights: the
wood had to be delivered in common, meaning that the resource only
had value within a collective undertaking.

In this process, the boundaries of the common good were reconsid-
ered. The neoclassical appraisal of the wood resource, which describes it
as ‘rival’ and ‘exclusive’, was challenged by the emergence of a political
and philosophical sense of shared property—a commons—co-activated
by and benefiting all players. This common good was no longer
approached solely in terms of its economic appraisal: it was endowed
with a political dimension. This allowed for a collective undertaking
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in the distribution and the marketing of the resource, under the agis
of producers” groups. Pooling also enabled the targeting of new market
segments such as biomass energy producers, who require regular deliver-
ies and homogeneous quality, both of which can be maintained through
the pooling of the wood resource.

These biomass case studies foreground examples of resource mate-
riality that is distributed, and raise issues of access to these resources.
They show that the way such issues are overcome can challenge the way
the resource is described or classified, and lead to contrasting outcomes.
Access can remain attached to pre-existing individualities which, as
dominant stakeholders (such as the monopsony in Aquitaine), end up
pre-empting it. In this case, the resource remains distributed. But access
can also be reopened by taking advantage of flexibilities in the attach-
ments and classifications of the resource, conferring new affordances
upon it as a commons (in Rhéne-Alpes). These two routes give rise
to opposed forms of becoming for the resources—either mining-like
and almost ‘fossilised’” (Aquitaine), or collective and sustainably geared
(Rhone-Alpes).

Beyond this contrast, the differences between the two biomass case
studies also underline the ontological dimension of a socio-material
approach to the resource. Most significantly, in the Rhone-Alpes case,
the biomass resource ended up becoming re-patterned and ubiquitous
in that—as in the PV case studies—its potential ultimately stemmed
from project development (after its re-patterning as a collective entity).

3.4 Distributed Load Shedding in the Electricity
Sector (Demand-Response), Controversy
around Pending Material Appropriations

Distributed load shedding (DLS) involves aggregating the load shed-
ding actions of consumers connected to the electricity distribution net-
works (mainly on heating installations). This service—that is, an erased
kWh—can then be sold to the grid operator in order to help it man-
age the real-time balance between production and consumption in the
power system.
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As its name suggests, DLS can be regarded as a distributed
resource. It deals with individual uses of electricity, regarding them
as malleable practices that afford the possibility of saving kWh (not-
consuming them) in order to resell them. It thus frames people as dis-
tributed sources of potential kWh. Load shedding requires these people
to be accessed in one way or another in order to categorise and sort the
flexibility of their uses, and either prevent these uses or displace them in
time.

The becoming of uses (as resources) is thus poised between two dif-
ferent key operations. The first is identifying, accessing, and contracting
with a population of potential users (depositing/harnessing), allowing
the installation of the required equipment in their homes and the mon-
itoring of the electrical flux (extraction). The second is developing the
shared calculative rules, devices, and agreements that allow the spared
kWh to be valued as commodities on the electricity market (provision-
ing, distribution, commercialisation).?’

Many different issues were raised by this activity, and it is not our
aim to cover and explore them in this chapter (see Chapter 3, for a
slightly more in-depth exploration, and Reverdy (2017), for a detailed
presentation of the case study). Our point here is to show how the
development of this resource has ended up challenging the organisation
of the electrical grid, rather than merely manoeuvring through it.

Practically, load shedding operations are activated through in-home
boxes that are remotely controlled by an operator. This operator con-
tracts with final electricity consumers who agree to allow certain home
appliances to be disconnected within certain timeslots, when needed by
the operator. In France, this operator can offer the erased kWh on what
is called the ‘balancing mechanism’ (BM), managed by the national
transport system operator (IT'SO) and providing a real-time reserve of
power that the TSO can use to balance the grid. Offers are remuner-
ated on a pay-as-bid basis. The process of transforming electricity uses
into an electricity resource, as we understand it, thus includes various
intertwined steps, such as exploring household consumption patterns
(depositing); approaching households, agreeing on potential erasing
schedules, and proposing a commercial offer/contract (depositing/har-
nessing); installing in-home boxes to directly control certain appliances
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(during contracted schedules) so as to shut them off in case of grid
unbalancing (harnessing); contracting with the grid operator on ways to
trace back, value, and remunerate the aggregate difference between the
anticipated baseline and actual consumption (provisioning/distribution/
commercialisation). In commodification language, these steps abstract,
individuate, value, and privatise the erased kWh.

In France, a private French firm (Voltalis) began to develop DLS in
20006, with a business model wherein the only remuneration to final
consumers was through savings on electricity. As Voltalis’s activity grew,
controversy began to arise as to the status of the ‘erased kWh' that
Voltalis was selling on the BM.

The energy regulator’s attempt at a market framing of Voltalis’s activ-
ity—i.e. saying that Voltalis should just sell its (erased) kWh on the
BM-—raised endless controversy about the dimensions and perimeter of
the erased kWh. Who owned these unconsumed kWh: their producer,
the consumer, or their eraser Voltalis> Who should pay for them? On
what grounds? In particular, other BM participants (electricity provid-
ers) argued that Voltalis should compensate them for the erased kWh
because, as regular electricity providers of Voltaliss clients, they were
committed to injecting the kWh into the grid, which then enabled
Voltalis to (re)sell them on the BM. Of course, Voltalys disagreed.

It is not our goal here to describe this controversy (for an analysis,
see Reverdy 2017). But it is interesting and relevant to note that the
solution that has since been adopted is the political reframing of DLS
as an emergent activity (instead of a mature market activity), worthy
of state support because of its potential environmental benefits (energy
savings). Eventually, DLS firms are currently supported by the French
state through a tender system, but they have to compensate electricity
providers for a portion of the electricity that they erase. The status of
DLS has thus been dissociated from the BM, while still maintaining
a relationship to it through partial compensation for the electricity on
which it relies.

What seems significant for our material approach to energy
resources is the fact that the Voltalis controversy directly targets the
collective organisation of the grid. Unlike wind power or solar PV,
Voltalis’s intended business model did not play with this organisation,
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it challenged it. Its claim to legitimate appropriation of kWh in the flux
could not help but stir controversy, since the material scaling-up of the
electrical system (complete individuation and complete abstraction)
relies precisely on suspending the question of the origin and appro-
priation of the electrons in this flux: only the inputs and outputs are
appropriated, whereas the origin and material appropriation of electrons
within the flux are indistinct. Hence the description above of electricity
as a complete extractive energy (§3.1): asking who owns a definite elec-
tron or kWh in the grid does not make sense. Any assertion relating to
either the origin or appropriation of a kWh cannot be proved or refuted
on the basis of the materiality of grid electricity.?

As Thomas Reverdy points out (2017), while economic calculation
was able to introduce some ordering into the arguments of in this con-
troversy, it was unable to clear up appropriation issues and make DLS
a full-blown resource for the electricity market. Our material analysis
suggests that the limited capacity of economic calculation to overcome
this controversy is precisely due to its limited ability to account for the
materiality of grid electricity.?” In other words, following materiality
allows for a different, more insightful viewpoint, which connects the
issues raised by DLS with the specific socio-material way in which the
grid organises scaling-up, making (grid) electricity into a fully extractive
form of energy.

4 Resource Materiality and the Democratic
Energy Transition

Our aim in exploring the making of energy resources in this chapter
was: (i) to acknowledge the role of materiality in energy transition pro-
cesses in order to better understand political and democratic issues asso-
ciated with these processes, such as opposition to project development,
unfair wealth distribution, unfair appropriation of or privileged access
to resources...; and (ii) to propose an analytical framework that could
build on past analyses of natural or fossil resources in order to address
cases of renewable energies, potentially in a comparative setting.
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The analyses above prove that our framework works for very different
types of energies, and can thus be regarded as an invitation to follow the
becoming-an-energy-resource of other entities. This framework poten-
tially allows the mapping of the full process of transformations involved,
from production to commercialisation and use, and their articulations.
Building on Tim Ingold’s (2007) suggestion, we have followed mate-
rials (e.g., wind, electricity, biomass...) as they circulate and undergo
transformations. The processes we have described can be regarded as
stories that acknowledge materiality, without conjuring notions aimed
at resolving the origins of actions, such as ‘agency’, ‘inertia’ or ‘faire
faire'. In so doing, these stories allow us to point up some interesting
singularities in the processes of resource making, and their political
consequences.

It should be noted here that the reach of the chapter mirrors that of
the set of case studies under consideration. Notably, as they all deal with
grid-connected or industrial forms of energy production, their scal-
ing-up of energy change is achieved through processes aimed at convert-
ing energy into market commodities. This should not be taken to mean
that such a scaling-up is the only path to widespread energy change,
rather it highlights the need to extend the type of analysis under-
taken here to other types of transition processes (such as grassroots-led
microgeneration, microgrids, self-consumption experiments...).

4.1 Pooling and the Scaling-Up of Energy Resources

As Richardson and Weszkalnys (2014) points it out: ‘what makes some-
thing become a resource is its use for an end, particularly the creation of
wealth’. Since all our case studies deal with grid-connected or industrial
forms of energy production, this ‘creation of wealth’ supposes reaching
a sufficient enough scale for economic activity. The case studies we have
analysed display very different ways of pooling energy resources in order
to scale up energy change processes. These are summarised in Fig. 3.
Pooling takes place through various means depending on the case:
physical conversion, regulatory requirements and qualifications, mar-
ket pooling, spatial assembly (mapping) or hierarchical ordering
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(table, quantification), collective assembly (mutualisation), technolog-
ical pooling (around a technological solution). Ways of pooling have
major effects on how and whether different entities become relevant in
processes of , as well as for the outcomes of these processes.

In the Fermes de Figeac, the collective harnessing of the sun led to
learning and increased collective sensitivity and reactivity to fluctu-
ations and cycles of solar energy. In Aquitaine, the expansionist logic
induced by the upscaling of the boilers (technological upscaling leading
to demand for more resources) led to the development of new access to
the resource (in Dordogne) through a framing as a pure stock (fossilisa-
tion). Biomass Rhone Alpes, a non-electrical case study, is an interesting
case of pooling that proceeded downwards through the political con-
struction of a resource as a commons.

The electrical case studies all together reflect the central impact
of the organisation of the power grid. Apart from DLS, the assem-
blage of energy resources is worked out with and around the structur-
ing of the electrical grid (feed-in tariff, guarantee of origin) and the
market. This results in a partition of the process (into up- and down-
stream components) and in a displacement of ‘renewability’, prevent-
ing widespread politicisation of its content on the electricity market.
With this displacement, the local tensions raised by the production
of a wind, PV, or biomass kWh are not conveyed to green consumers
by the so-called ‘green’ kWh. The tendency, at least in France, not to
account for all the resources required to turn the wind into an energy
resource, thus cannot be corrected by a widespread politicisation of
the green kWh.

Grid electricity is a form of complete extraction of energy, which
paves the way for equivalence and abstraction as it blurs the material
origins of the energy. ‘Erases’ would be too strong of a term, because the
‘intermittency’ of wind power reflects the resistance of untamed wind,
which lingers on in electricity provisioning.

The passing-through electricity has ambiguous consequences for
the upstream part of the chain. On the one hand, the (downstream)
homogenisation of materiality, its provisioning through the grid, and
market agencements boost the volumes that can be exchanged. The
associated prospects of value result in strong incentives for project
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development (upstream), which translate into a pressure to streamline
development processes and make unconventional projects harder to
carry through, as illustrated by some wind power case studies and by
the Rhone-Alpes PV case study (RA2). On the other hand, the separa-
tion of the two parts of the commodity chain leaves the upstream part
of the chain relatively independent of the downstream part. This allows
some room for manoeuvre in terms of socio-material organisation in the
upstream part, for better (as illustrated by the Figeac experience or the
Rhone-Alpes RA1 case study) or for worse (as illustrated by some wind
power cases).

4.2 The Political Effects of Pooling

The way in which pooling is undertaken has various political effects
that induce tensions in the processes, such as transferring power to
certain actors at the cost of genuine energy transition processes (bio-
mass in Aquitaine); acceleration of project development processes at
the cost of a proper acknowledgment of the materialities engaged in
them (solar PV, wind power); the spurring of individual initiatives that
conflict with attempts at collective endeavours (wind power); and the
upstream/downstream divide (with dual effects resulting in a manoeu-
vring through the materiality of the grid organisation). These effects are
summarised in Table 2.

Importantly, the case studies we present also suggest that different
ways of pooling the resource have different relationships to appropria-
tion. Patterning plays on a pre-individual level of the unformed thing
and leaves the question of appropriation unresolved (wind and sun are
not appropriated before becoming an energy resource). Ways of pooling
that occur at the level of harnessing seem to be endowed with a poten-
tial to change appropriation, probably because harnessing and invest-
ment in technological artefacts (turbines, PV panels, boilers, meters)
actually are the operations through which flowing energies are appro-
priated. Market pooling (monopsony, electrical pooling) is anchored in
the ongoing, often individual, appropriation of the resource, which it
plays with by aggregating greater or lesser numbers of owners, without
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challenging existing patterns of ownership. These differences should be
explored farther.

To a certain extent, the range of case studies analysed in this chapter
does not allow a full exploration of this question, as they mostly cover
electrical energy and grid-related cases. These emphasise scaling-up
through large-scale socio-material organisation (grid, electrical market)
rather than through the dissemination of project practices.

5 Conclusion

We opened this chapter with a discussion of the fossil vs. renewable
energies distinction. We highlighted the democratic and moral ideolo-
gies associated with renewable energies, as well as the reductive physical
characterisation underlying their regulatory framing.

The social sciences have foregrounded the importance of the mate-
riality of fossil energies in the political construction of democracies.
Recently they have begun to challenge the fossil vs. renewable dis-
tinction by pointing out ways in which renewable energies have been
handled through the same institutions and political practices as fossil
energies. Building on these developments, we have proposed to con-
tribute to a more symmetrical analysis of the diverse forms of energy
resources, attending to the materiality and political role of renewable
energies.

Starting with the assumption that energy resources are not given by
nature, but come into existence through socio-material processes, we
have built on recent developments in critical social science and pro-
posed a framework for following the material assemblage of various
renewable energy resources. The analytical framework proposed in this
chapter is its first outcome, to be developed and applied in further
studies.

Our analysis also points out how integrating materiality into the
analysis—i.e. following material circulations and transformations—
enables a more accurate understanding of the singularities of different
resources and the shaping of the power relations which emerge in their
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construction. The materiality of renewable energy resources is both a
part of and a product of their processes of assemblage. It contributes
to steering these processes, but also leaves room for them to take dif-
ferent courses, allowing for more or less democratic paths. In contrast
to the political ideals often associated with them, renewable energies
can be fossilised, to borrow a notion from Raman (2013). This can
take various forms, as explained in our analyses above, such as ‘mining’
strategies that do not allow for a sufhicient regeneration of the resource
(Dordogne) or do not acknowledge the varied materialities engaged in
project development (solar PV, Rhone-Alpes RA2, wind power); undue
forms of appropriation (Aquitaine).

Interestingly, the course taken by these processes partly depends
on the ways in which these resources are scaled up through what we
term their ‘pooling’. For certain resources, certain ways of scaling
up the resource lead to fossilisation (e.g., market pooling, for wind).
Alternatives do, however, exist (e.g., patterning the wind), which can
only be highlighted through material analysis, as they are precisely
rooted in ways of assembling materiality.

Pooling is certainly not specific to non-carbon energies. However, as
these new forms of energy are mostly diffuse, and have in common a
materiality that has not already been concentrated in space over geolog-
ical time, concentrating them requires the colonisation of a diversity of
milieux and operations on an unprecedented scale. Our analysis points
to a variety of ways of pooling that are both material and organisational,
and sheds light on some of their political effects.

Importantly, our analysis suggests that pooling can operate through
different ways and that decisions about how to scale up the energy tran-
sition through resource pooling present a genuine political and demo-
cratic challenge. Sustainability and democracy thus cannot be regarded
as inherent attributes of renewable energies: they are a possibility that
depends on their socio-material pooling.
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Notes

[a—

. See for instance Devine-Wright (2010), Walker and Cass (2007).

Such as the ways in which access to resources is achieved (primitive
accumulation, enclaves, colonies... see Bridge 2010, 2014), the joint
production of identities (e.g., race, Baldwin 2009) or ontologies (e.g.,
resources as patrimony, Ferry 2002; oil as curse, Weszkalnys 2014;
fracking as a change in environment, Pearson 2016), and the role of
materiality (Bakker and Bridge 2006; fluidity of oil, Mitchell 2011;
electrical grids, Bennett 2005; machine and matter in pit mining,
Rolston 2013; natural gas extraction, Kaup 2008).

See for instance Folch (2015), Bonta (2007).

See for instance Frolova et al. (2015), on landscape and wind power;
Willow etal. (2014) on non-conventional fuels; Raman (2013) on
rare carths and wind power; Willow and Wylie (2014) on local envi-
ronments, ground-water resources, and fracking; Nadai and Labussiére
(2010) on birds and onshore wind power; and Nadai and Labussiere
(2014) on marine environments/fishing resources and offshore wind
power.

See for instance Aitken (2010a) on benefit sharing and wind power;
Aitken (2008) on power allocation and wind power; Wolsink (2012)
on wind power and appropriation; and Nadai and Labussiere (2017)
on landscape commons and wind power.

There are some noteworthy exceptions. Howe and Boyer (2015), for
instance, have talked of ‘aeolian politics’ as a way to ‘unwind “wind
power” as a consolidated conceptual object’ and address the man-
ifold effects and ways of mattering of wind energy in the Isthmus of
Tehuantepec (Mexico). Sujatha Raman has explored the controversy
around rare earth minerals and their relationship to renewable energy
development. She described this development as ‘fossilised’, in the sense
that it is enmeshed with the same interests and politics as fossil ener-
gies (Raman 2013). Nadai and Labussi¢re (2017) point at the ways
in which shared resources engaged in wind power projects in France,
such as relational and landscape resources, have gone almost entirely
unacknowledged in the development of these projects. If anything,
these explorations suggest an urgent need to extend the critical anal-
ysis of the making of natural/energy resources into renewable energy
resources, if we want to better understand the tensions that surround
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their development and bring energy transition processes onto a more
democratic path.

. Summerton analyses the co-construction of devices, infrastructure, and

consumers around electricity branding. An example of a different, more
explicitly politicised model is the French cooperative electricity producer
Enercoop, which refuses to use tradable certificates of (green) origin for
kWh in order to ensure the genuinely renewable origin of the kWh it
sells (and not a nuclear kWh cloaked in ‘green’ through the purchase
of a green certificate). This refusal is grounded in a political line that is
intended to allow Enercoop consumers to regain power over the sourc-
ing of energy. https://www.enercoop.fr/decouvrir-enercoop/notre-projet.

. The Corner House, a campaign group, recently issued a report,

drawing on academic research, pointing at the politics of unify-
ing energies under the broad heading of ‘Energy’, and arguing for an
understanding of energy as a commons: http://www.thecornerhouse.
org.uk/sites/thecornerhouse.org.uk/files/Energy%20Security%20
For%20Whom%20For%20What.pdf.

. The point was made in a debate with Lemonnier over the agency of

human and gun (Latour 1996; Lemonnier 1996). Latour argued that
neither the gun or the human was at the origin of action, but that the
active agent was human-with-gun, and that any attempt at isolating
either individual element was a dead end.

Emilie Gomart (2002), analysing the emergence of methadone as a
therapeutic agent, argued that substances acquire properties through
socio-technical arrangements. Michel Callon (2008) drew on develop-
ments in the sociology of markets, inspired by STS, to insist on the
crucial importance of materialities for ‘understanding the shaping of
agencies and their competencies. Woolgar and Lezaun (2013), in a
recent discussion on a possible ontological turn in STS, discussed the
relationship between the ways in which materiality is framed, the roles
assigned to entities, and the emergence of distributed capacities for
action. In these analyses, agency, described as both a resistance of things
and a capacity to ‘make [someone/something] do [something]’ (fzire
Jaire), has been characterised as a relational and distributed capacity for
action, stemming from socio-technical assemblages (or agencements) in
which macteriality is key.

Here we draw on Bakker and Bridge (2006). For the ‘production
of nature’ strand, nature as a product of social relations underlies the
development of capitalism. The ‘social construction of nature’ strand
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looks at discursive constructs about nature, either to refute them or to
shed light on the social significance of material world. These have been
criticised for not sufficiently appreciating differences in capacities for
action, notably between living and non-living entities (such as mineral
matter, metals, etc.), and for dealing with them in a residually some-
what dualist way (i.e. subjects having agency, which they express ‘on
and through’ objects).

Bakker and Bridge categorise them as follows: commodity chain analy-
ses, which expand the analysis of materiality along the full chain from
production to consumption (Hartwick 1998, 2000); work on corpore-
ality, examining the materiality of texts (Kay 2000) and the relationship
between identity and the bodily experience (Butler 1993); and work
on hybridity, which includes investigations on multiplicity, the hybrid
dimension of things, and the emergence of qualitatively different mate-
rialities (e.g., the cyborg metaphor of Haraway 1991; Law and Mol
1995 on muldiplicity; Whatmore 2002 on hybrid species and spaces).
This was part of discussions between Tim Ingold (2007) and advocates
of material culture analysis (Miller 2007).

Our addition.

As emphasised by Annemarie Mol, conflicting versions of an entity can
also support one another, a phenomenon she terms ‘multiplicity’ and
associates with a specific type of politics (ontological politics), in which
we are thus faced not with exclusive alternatives, but with such co-exist-
ent interacting versions (Mol 1999).

For instance, the presence and importance of provisioning, commer-
cialisation, or distribution depend on the type of process in place (e.g.,
commercialisation may not be part of the process in self-consumption).
Depositing, harnessing, and extraction may also work together non-se-
quentially, with harnessing and extraction informing ex post the opera-
tion of depositing and allowing for learning and adjustment.
Commodification was first described by Marx through the concept of
commodity fetishism.

Castree (2003) opposes the idea that ‘there is or should be just one
Marxian “essential” reading of capitalist commodification’ (p. 274) and
proposes a set of ‘principal elements’ that are part of commodification
according to the ‘work of contemporary Marxists writing about nature’
(p. 278).

Displacement can be achieved through various means, such as physi-
cal/spatial distance, discourse framing, back-staging ... As argued
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by Hartwick (1998) in the case of gold, the commodity chain can be
structured so as to manage discontinuities and 7or make perceptible the
conditions of production at certain stages of the chain (the condition
of African workers and their families in the extraction of gold) to actors
active at other stages of the chain (Italian jewellery consumers).

The amount of kWh produced by a turbine, and hence the amount of
support to production through feed-in tariffs, is measured by a meter,
which materialises the frontier between the private productive entity
and the publicly managed grid. Under this socio-material organisation,
connection to and injection into the grid is a precondition of ‘feed-in’
support (as its name clearly states).
hteps://www.actu-environnement.com/ae/news/eolien-avis-ademe-mail-
lage-territoire-foisonnement-lisser-production-26797.php4.

In 2006 in France, then updated (2012) and harmonised at the EU
level with the adoption of the Renewable Energy Directive (2009).
That is, through the autorisation of production, which refers to the
Energy Code.

Because backup capacities, working with gas or coal, have to be devel-
oped and turned on in order to offset the variability of wind power
production.

The scenario is different, of course, in the case of off-grid wind power
developments (for an example, see Pinker, 2018).

In France, solar PV is also supported by a feed-in tariff and guarantees
of origin, and has mostly developed as a grid-connected form of energy.
As in the case of wind power, these have structured a division of the
chain into upstream and downstream parts.

For the same reasons as in the wind power case studies considered
above, the stage of ‘using’ the energy is not foregrounded here: erased
kWh and standard kWh just blend together in the electrical flow, mak-
ing their origin indistinct at the stage of use.

To be clear, being a ‘complete extractive energy’ is a (socio-)material
property of grid electricity. It is not a substantive property of electricity
in general, as it certainly does not hold for off-grid electricity.

We could even argue that the limited ability of economic reasoning to
sort out this controversy probably lies in its own denial of the material
differences at issue: for economists, a grid kWh just is a grid kWh, as

witnessed by the French Enercoop controversy about guarantees of ori-
gin (cf. Note 6).


https://www.actu-environnement.com/ae/news/eolien-avis-ademe-maillage-territoire-foisonnement-lisser-production-26797.php4
https://www.actu-environnement.com/ae/news/eolien-avis-ademe-maillage-territoire-foisonnement-lisser-production-26797.php4
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