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Energy transition and
the futures of the electricity sector

par Christophe Defeuilley

Abstract — In this paper, we try to understand the impact that the energy transition
may have on the electricity sector’s organisational model. For the last century or so,
the electricity sector has been built and developed around a centralised and
standardised model, primarily designed to supply cheap electricity and to feed rising
demand. This model, and the actors that embody it, are now having to accommodate
to new dynamics driven by the energy transition (development of renewables,
promotion of energy efficiency). These new dynamics can variously be interpreted.
They can be alternatively seen as factors of (temporary) de-optimisation, as
incremental changes or as the first steps in a paradigm shift. What trajectories of
change the electricity sector may follow? In order to give some insights related to this
issue, we look back at the way the centralised model was constructed, before setting
out how, and to what extent, that model is being disrupted by the changes currently
underway, and then to explore the different factors — political, institutional, technical
— which could influence the trajectory of change in the electricity sector and the scale
of the transformations it may undergo.
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Introduction

Energy transition is a shift from one energy system to another. It is not the first time
in history that such a transition has occurred, but the one in which developed
countries are currently engaged is undoubtedly different in nature. It is not a matter,
as in the past, of replacing one source of energy with another, more efficient or less
expensive, or of changing the ways whereby energy systems are designed and
organised (Fouquet, Pearson, 2012). This time, the transition is different in nature
because it is the primary goal assigned to the energy sector that is changing. Since the
industrial revolution, the function of energy was to drive economic growth (by
providing abundant, low-cost, and reliable sources of energy). It is now called upon to
serve another purpose: to promote the emergence of a “low carbon economy”, which
in turn will be able to give a response to climate change (Stern, 2007). In this respect,
the electricity sector is placed at the forefront. In many countries, electricity is
responsible for a large proportion of CO; emissions and all the scenarios consider that,
in a long-term perspective, the marginal abatements costs are cheaper in the power
sector than in any other parts of economic activity. Therefore, the CO, reduction
burden will be essentially supported by the electricity system. In the “low carbon
economy roadmap 2050”, the European Commission define a set of goals to drastically
reduce the CO, emissions of the European countries for 2050: an overall reduction of
80% (related to 1990 level), with a fall for the power sector estimated between 93%
and 99% (EC, 2011). As far as electricity is concerned, the emphasis is placed on two
main mechanisms: promote energy efficiency (to reduce energy consumption) and
develop renewable and (partially) decentralised energy (to replace centralised fossil-
fuel thermal plants)®. This move towards a low carbon electricity sector broadens:
national legislation in Europe (Germany, France, England), as well as national, regional
or local initiatives elsewhere (California or New York in the US), translate these
orientations into tangible policies and measures. This is a major shift. For the last
century or so, the electricity sector has been built and developed around a centralised
and standardised generic model, primarily designed to supply cheap electricity and to
feed rising demand. This generic model has been variously applied and implemented,
depending on national institutional settings (existence of a federal state, roles and
competencies given to local authorities) and historical episodes (creation of large
public monopolies after WW2 in a lot of European countries to ensure huge
investment requirements, PUHCA passed in the USA in 1935 to facilitate state
regulation of electric utilities and to dismantle holding companies). These national
specific aspects matter and explain how (and to which extend) this centralised and
standardised model has been carried out. These national features are also of primary
importance to understand how the future of electric industry will be reconfigured by
the energy transition.

1Even if, for the time-being, technologies which could permit to benefit of a reliable, resilient and affordable
electric system without the use of any flexible thermal generation unit are not available at reasonable costs.
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This model, and the actors that embody it, are now having to accommodate to new
dynamics driven by the energy transition. And they have to take into account the
impacts of new policy measures on the functioning of electricity markets: gloomy
residual demand, depressed wholesale prices, difficulties to cover supply total costs,
costly networks adaptation to decentralised renewables, etc. (IEA, 2016; Robinson,
2015). These new dynamics, and the impacts they currently have on the functioning
of electricity markets, can variously be interpreted. They can be alternatively seen as
factors of (temporary) de-optimisation, as incremental changes or as the first steps in
a paradigm shift.

In this paper, we will try to understand the impact that the energy transition may have
on the future of the electricity sector. What technical and organisational trajectories
of change may it follow? In order to give some insights related to this issue, we believe
that it would be useful to look back at the way the centralised model was constructed,
before setting out how, and to what extent, that model is being disrupted by the
changes currently underway, and then to explore the different factors — political,
institutional, technical — which could influence the trajectory of change in the
electricity sector and the scale of the transformations it may undergo. The dynamics
of transformation of any economic activity is not only a matter of technology and
innovation per se. Technological transformation can hardly be seen in a strictly
“functionalist” way. The emergence and ascendency of a particular type of technology
cannot only be explained by its supposed intrinsic superiority (Granovetter, 1985;
Callon, 1998) or by the fact that profit-seeking agents will allocate resources to explore
and develop yet unexploited scientific and technological opportunities in a market-
driven way (Freeman, 1974; Dosi, 1988). The orientation, the pace and the trajectory
of technological changes are also related to social, political and institutional factors. In
particular, institutional factors (laws, rules, norms of conduct) create the condition of
exchange, shape the frontiers of markets, stabilize competitive arrangements and have
animpact on transaction costs (North, 1994; Williamson, 1996). They tend to orientate
the efforts made by economic actors to seek new technological opportunities, to
innovate and to introduce new products and production processes. The dynamic
transformation of markets, the innovative efforts are therefore influenced by these
institutional factors, which are themselves the by-products of political and social
forces (coalition of actors, political regime, national economic and industrial interests).
In such a context, it is not a surprise if technological change is frequently associated
with irreversibility, path-dependency, lock-in, “accident of history”, self-reinforcing
benefits or spill over effects (David, 1997). All these phenomenon, largely analysed in
the literature, can take shape because technical change may be influenced by
economic actors and by the institutional context in which they take their decisions.

The electric system is far from being an exception. Since its inception, the electricity
system has been structured and influenced, not only by “autonomous” or “market-
driven” technical change, but also by a coalition of actors, representing various
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interests, who acted to create institutional forms (negotiated with public authorities),
shaping the boundaries of industry, firms and markets (Granovetter, McGuire, 1998)2.
Therefore, they contributed to orientate and to impulse a dynamic of technical change
(towards the expansion of large-scale centralised plants and interconnected
networks), which was well adapted to those institutional forms and, in the long run,
has created self-reinforcing, irreversibility, effects. They were strong enough to sustain
the development of the electric industry for more than a century.

Early days: foundation and expansion of the centralised, growth-oriented, model

It is generally considered that the first commercial use of electricity dates back to
September 1882, when Thomas Edison fired up the Pearl Street power station in New-
York (Hughes, 1979, p. 139). In the years that followed, reflecting decisions that were
equally the outcome of entrepreneurial goals and expectations, political choices and
technical innovations, the electricity sector was gradually organised around three
main principles: the preference for standardized and centralised means of production,
the development of interconnected transmission and distribution systems capable of
operating across large territorial scales, the assignment of a monopoly to companies
that combined production, transmission and distribution. These principles came in the
ascendancy between the late 19th century and the years preceding the First World
War, and moulded the developmental trajectory of the electricity sector in the long
run. As historians, economists and sociologists have shown (Hirsh, 1989; Hughes,
1979, 1983; Hausman and Neufeld, 1984, 2002, Hausman, 2004; Granovetter and
McGuire, 1998; McGuire 1989, 1990; Yakubovich et al.,, 2005, Nye, 1990), this
trajectory was not the outcome of pure “technical determinism”, acting alone, through
the impetus of a series of innovations (progress in long-distance transmission, increase
in the size of power generation units, improved efficiency) that shaped the sector. Its
ascendancy did not emerge without opposition, debate and controversy, but arose
from decisions — industrial and commercial, collective or individual — supported and
encouraged by favourable regulation. It is a “social construct”. On the basis of a series
of decisions (largely taken before 1930), a powerful and efficient techno-economic
complex was gradually forged, closely articulated with the public policy objectives
then in force.

In order to understand the foundations on which the electricity sector familiar to us
today was built, let us take a brief look back at its early history, during the formative
years of the power industry (1890-1930), first in the USA, then in the European
countries (Hughes, 1983). Again, we are well aware that each country may have
institutional or historical features that let to translate the generic model into specific
structures and to organize its electric industry idiosyncratically, maximising (or not)

2 “No machine is an abstract force moving through history. Rather, every new technology is a social
construction and the terms of its adoption are culturally determined” (Nye, 1990, p. 381).
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possible economies of scale. Nevertheless, in this section, we will concentrate on the
American situation, firstly because it preceded developments in Europe in many
institutional and technological respects, and secondly because it went on to have a
considerable influence on the rest of the world, as a template of the generic
centralized model.

In the 1890s, the electricity sector was still in its infancy, lacking precise contours, clear
demand to be met, and widely shared technical solutions. There were no clear
divisions between suppliers of equipment (bulbs, then engines), customers, producers
and distributors of electricity. These categories, so familiar to us, did not yet exist and
would take time to emerge. A battle was raging between the adherents of direct
current (headed by Thomas Edison) and of alternating current (supported by the
banker J.P. Morgan). So-called “centralised” production units, developed by the first
electricity companies and capable of supplying a few dozen or even a few hundred
customers, coexisted with more scattered methods of production, run by customers
(individuals, warehouses, factories, shops, tramway companies), in cooperatives and
farms, or owned by municipalities. Some of these “isolated” plants were coordinated
in larger distribution systems serving small geographic areas. Their importance should
not be underestimated. “Isolated” systems chronologically appeared before
“centralised” systems, and for at least three decades (1885-1915) they generated
more electricity than their rivals. Even in 1915, they generated more than half of
electricity in the USA and were the only form of electric service available in much rural
areas until 1930. These “isolated” systems, sometimes combining electricity and heat
production, were essentially run by municipalities (on a non-for-profit basis) and by
industrialists producing for their own needs and selling the surplus electricity to
nearby users with the right consumption profile (Granovetter, McGuire, 1998, p. 160).
As for rates, they varied greatly both in amount and in the method of calculation, set
largely on a case-by-case basis: flat, progressive, two-part, by usage, monthly or annual
lump sum — all of these were tried (Eisenmenger, 1921).

In the USA, under the influence of Samuel Insull and the coalition of interests that
formed around him (the so-called “Insull circle”), the landscape would gradually clear
and the scales tip towards the centralised solution, greatly helped by the “triumph” of
alternating current over direct current in the early 1890s. In 1892, Samuel Insull,
Thomas Edison’s former private secretary, left General Electric (founded shortly
before) to head an electricity company in Chicago. He exercised a great deal of
influence over the two industry associations (Association of Edison I[lluminating
Companies and National Electric Light Association), both created in 1885, which
gathered and promoted, sometimes in a conflictual way, the interests of investor-
owned companies (equipment firms as well as operating utilities). These associations

3 The Association of Edison llluminating Companies (AIEC) was founded by Samuel Insull in reaction to the
creation of the National Electric Light Association (NELA). The “Insull circle” will took a dominant position in
NELA only in 1897 and will kept it for the next thirty years (Granovetter, McGuire, 1998, p. 158).

5
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were forums in which common positions were reached and negotiated with the public
authorities. They produced the implicit or explicit standards that would subsequently
spread to all the stakeholders in the electricity sector.* It can be stated that the
discussions held within these two associations in the years 1890-1910, among various
items, culminated in two main orientations. First, a consensus emerged around the
need to lobby the authorities in order to stabilize the competition field and to avoid
destructive struggle among investor-owned utilities (IOU) and between IOU, municipal
companies and “isolated” systems, which led to price wars, cutting wires and
bankruptcies in the last decade of the 19" century (McGuire, 1989, p. 186)°. In 1898,
Insull fruitfully advocated for a regulation of the electric supply industry by state
governments. This position was supported by the powerful National Civic Federation,
an organization which had closed links with public authorities. Regulation through
state public commission was first implemented in 1907 (New-York and Wisconsin) and
then has largely spread in the decade beginning 1910, when most of the American
States pursued initiatives of this nature (Stigler, Friedland, 1962, p. 5). The Wisconsin
law served as a model for much of electric regulation that passed after 1907.

This state regulation was intended to have, and will have, very favourable impacts on
the investor-owned utilities. State public commissions granted exclusive licences, for
an indefinite period, and territorial monopolies to the companies. They protected
electric companies’ revenue flows by allowing them “reasonable” rates enabling
capital accumulation (through cost-of-service regulation). Electric companies could
also grow and expand their activities by gaining new customers (not yet connected to
the grid), develop their asset bases and engage themselves in new streams of
investments. Investor-owned companies, while expanding their activities beyond
municipal boundaries, were able to sell electricity to a larger customer base and to
benefit from economies of scale. This allowed them to lessen their costs, to raise their
profits and to reinvest in more efficient, bigger, generation facilities and to expand
their networks. By enabling investor-owned companies to serve large territories and
by giving them a monopoly status, state public commissions paved the way of their
future successes. Within this protected institutional framework, the electric
companies were then able to plan, to finance and to build a coherent and robust
technical system. Interconnected networks and centralized generation units, jointly
designed and operated, give rise to economies of scale, economies of scope and strong
coordination effects (aggregation of diverse load-profiles, optimization of the
generation capacity required to meet demand and to insure security of supply). All this
helped to reinforce the position of the electricity companies, gave them prospects for
development and consolidation, and thus accelerated their growth, in particular by

4“Insull became a spokesman for the utility industry, and his company was a pacesetter both in technological
and business policy” (Hughes, 1979, p. 141).

5 In Chicago, at the end of the 19" century, there were 29 competing, non-exclusive, electrical franchises
(including three covering the entire city) (McGuire, 1989, p. 186).

6
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facilitating their access to capital and loans (Hausman, Neufeld, 2002; Hausman,
2004). It is noteworthy that the period from 1907 (date of creation of the first state
regulatory commission) saw a general move of consolidation of investor-owned
companies and a sharp decline of municipal ownership (Bureau of the Census, 1915,
p. 111; Kitchens, Jaworski, 2015, p. 4). ‘Isolated” systems, because they were limited
to municipal boundaries or because their activities were restricted or even banned by
state public commissions, lost the regulation battle®.

The second task of the trade associations was to set a common tariff strategy for the
whole industry, which would make it possible to sustain electricity company
investment, to expand demand and to establish uniform practices. The diverse
approaches then taken, briefly listed above, were gradually eliminated, and it was the
two-part pricing structure, with its fixed and variable components, that won the day.’
However, two forms of two-part pricing remained in contention: one in which the
variable component would be the same for every customer (more precisely for each
category of customer with the same consumption profile), and one in which each
customer would be billed for the variable component not only on the basis of their
global consumption, but also on the basis of the time of consumption (so-called “time-
of-use” pricing). This second option, extensively debated in the 1890s and which
would have offered the advantage of reflecting the costs associated with each
customer’s actual consumption, was ruled out in favour of the first. The reasons for
this decision appear to have been twofold: first, to prevent a proliferation of rate
structures (Faulhaber, Baumol, 1888, p. 588), and second, to avoid penalising the
customers who were driving consumption (those who used electricity for lighting) by
making them pay higher prices during evening peak times (Yakubovich et al., 2005, p.
599).

It should be noted that the two-part rate structure, which subsequently spread in one
form or another across most of Europe, stimulated the analysis and conceptualisation
of the different cost categories applicable to electricity generation (fixed costs,
variable costs, investment costs, operating costs, marginal costs). In the 1890s,
engineers considered that the variable component of rates should reflect the variable
costs (“running costs”) associated with consumption (Clark, 1914, p. 476). These
variable costs, essentially the cost of fuel in the case of thermal power generation,

6 “[...] as state regulation represents a triumph of the unified operation idea as opposed to the geographical
sub-division idea, it makes municipalization logically and practically more difficult” (Wilcox, 1914, p. 82).

7 The electricity producers needed to cover peak production costs and achieve returns on their investment.
The power stations, then essentially used to satisfy demand for lighting, did not produce the same quantity
of electricity every hour of the year and were sized to meet maximum demand, which was very occasional
(a few hours a day during winter). How could fixed costs be covered when plants rarely operated at
maximum capacity? The solution, suggested in 1892 by the English engineer John Hopkinson, was as follows:
construct a two-part tariff, one fixed and calculated on the basis of each customer’s maximum demand (for
power), the other variable, proportional to the customer’s consumption (of energy) (Hausman, Neufeld,
1984, p. 117).



Working Paper 03/2017 of the Sciences Po Urban School — C. Defeuilley — Energy transition

were not yet described as marginal costs, although the resemblance is striking.® It was
not until the advances in marginalist theory and its practical applications to the
electricity sector, a few decades later (1930-1950), that the connection was made.
From this period onward, the principles of pricing — previously based essentially on
intuition — were clearly stated and better understood in all their dimensions (Nelson,
1963).

Electricity pricing, as it emerged in the USA at the end of the 19th century, supported
the “growth strategy” pursued by the electricity companies. This rate structure helped
to increase demand by transferring to the final customers the benefits of the technical
improvements that the sector experienced (growing unit size of power stations, rising
outputs, grids with the capacity to transmit and distribute more and more electricity
over greater and greater distances). These technical improvements were able to
spread thanks to the existence of a favourable regulatory framework that stimulated
the electricity companies to invest (stability of context, rates covering the long-term
marginal costs, investments based on demand forecasts, risks mainly borne by the
customers) and to adopt new, more efficient, technologies (Rose, Joskow, 1990). This
regulatory framework also provided outlets for equipment manufacturers, which
continued to bring new generations of innovative equipment to the market. The R&D
efforts of the equipment manufacturers (in particular General Electric and
Westinghouse), their decision to incorporate teams involved in fundamental research,
the direction they took in their technological choices, were guided by the needs
expressed by the users — the electric companies — and by the new markets that they
could begin to foresee for their products.® These manufacturers therefore focused on
improving the performance of steam turbines (first installed in 1902 in the USA),
electrical motors and transformers, and worked on long-distance electricity
transmission (Hughes, 1983, p. 165).

This mechanism, which would give rise to the centralised and interconnected system,
began to emerge at the end of the 19th century (Insull, 1914, p.31), and really took off
after World War | in the USA (slightly later for the European countries), before
subsequently becoming ubiquitous. The industrial model can be summed up as follows
(in its completed form): structured around investor-owned companies equipped with
standardised and centralised production units, linked together by interconnected
grids, the electricity sector — through economies of scale, economies of scope,
coordination and learning effects — triggered a process of diminishing unit costs that
benefited customers, thereby driving the development of electricity demand and a

8 From a theoretical viewpoint, marginal cost is defined as the cost occasioned by the production of an
additional unit of a good or service. Under the principle of Pareto equilibrium, which seeks to describe a
situation of optimum resource allocation, any producer subject to pure and perfect competition will set the
selling price of their good or service at its marginal costs.

° In particular, with the widening industrial uses of electricity, and the demand for large-scale electricity
generation equipment to supply energy to big plants.

8
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widening of power uses (sometimes to the detriment of other, competing energy
sources) (Christensen, Greene, 1976). This dynamic of growth, which justified the
investments made by electric companies and the adoption of new technologies,
supported overall economic development and provided a starting point for public
policies of industrialisation, service universalisation and territorial solidarity. A very
impressive virtuous circle of falling real prices and increasing demand began, which
enabled the electricity sector to pursue large-scale development (see fig. 1, fig. 2 and
Ross, 1973). In the process — and this is the downside of this long period of
development — electricity generation plants, often substantial users of fossil fuels (oil,
coal, natural gas), proceeded to emit large quantities of greenhouse gases and thereby
to contribute heavily to climate change in most developed countries.

Figure 1. Development of electricity consumption in the USA (1887-2014)
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In this respect, the policies of deregulation started in the 1990s in the USA and in
Europe carried no significant change. While they have affected the power companies’
monopoly by introducing competition into electricity generation and customer supply,
they have brought about no noteworthy “systemic” transformation, nor in their model
of organisation nor in their technological choices. There has been no challenge to the
centralised and interconnected model: most of the companies remain vertically
integrated and rely on centralised means of production to serve cohorts of customers
who, overall, remain very loyal to them (Thomas, 2003; Defeuilley, 2009)%°. The only

10 Although some network activities have moved outside their remit. When this is not the case, they are
subject to unbundling rules, set to guarantee non-discriminatory access by third parties to the network.
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major change was the massive adoption of combined cycle gas turbine (CCGT)
technology, whose unit size (and capital cost) is slightly smaller than the other
centralized generation technologies and fit well to the new institutional, riskier
environment faced by electric utilities (Watson, 2004). But, contrary to initial
expectations (and apart from CCGT adoption), the result of liberalisation has been to
accentuate industrial concentration around the former monopolies, in both
generation and supply. Obviously, most of the organizational environment of the
electric companies has changed. Decentralized markets mechanisms have replaced
centralized administrative instruments (prices instead of rates), incumbent generators
have to compete with new entrants on the wholesale markets, the regulation
principles of transmission operators (TSOs and DSOs) have been completely renewed,
retail markets have been fully-opened in Europe and in some States in the USA, market
places have emerged, market prices are supposed to lead to optimal decentralized
investment decisions and to convey all the appropriate, available information, etc.
(Joskow, 1996; Green, 1995; Borenstein, Bushnell, 2015).

Figure 2. Average domestic electricity tariffs in USA (1924-2014)
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But despite these structural changes of the organisational and institutional
environment driven by deregulation policies, the dynamics of the electric industry
remained basically the same. Electric utilities have been still engaged in a “dynamic of
growth”, even if, in this deregulated context, the risks they borne are more important
as demand and prices’ variations are more uncertain (and as rates, formerly set by
public authorities or state commissions, don’t play anymore their role of safeguard
against risks). They tend to manage their (price and quantity) risks by exploiting a

10
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diversified portfolio of large-scale/low costs generation assets, by serving large and
diversified portfolios of loads (through national of regional interconnected networks)
and by taking advantage of their size and their risk profile to lessen their capital costs
(Chao, Oren, Wilson, 2008). Centralisation, interconnection and size are still the main
pillars of the electric industry, even after the deregulation takes place.

Energy transition: public policies, technical change and selection environment

Conditions have changed. Since the late 1990s, reflecting a fast-developing trend,
many countries have been introducing strategies (of varying ambition) to combat
climate change and to lessen CO; emissions. In the electricity sector, these strategies
have been embodied in two main types of mechanisms: first, incentive mechanisms
for renewable energy; second, instruments (incentives, norms, legislations) to
promote energy efficiency and manage consumption trends, with the aim of slowing
or even permanently reversing them. These initiatives form the basis of the so-called
“energy transition” laws adopted in England (2009), Germany (2011), and in France
(2015), and are behind different regional or local efforts in the USA (California, New
York). These initiatives, which gain impetus in a growing number of countries and
regions, can be considered as a major shift for the electricity sector. First, because the
electricity sector is the most concerned one by the energy transition (goals set to
reduce CO; emissions heavily burdened on electricity). Second because energy
transition may imply a complete re-examination of the organisation and the designs
of electricity markets and institutions. With the energy transition, public authorities
regain a central role in the design and the orientation of the electricity sector. They set
new instruments, define new long-term goals and trajectories and have a direct or
indirect impact on the competitive field, the current and future revenues of the
electric companies, their technological and investments’ choices. This policy shaft has
also an impact on the expectations and the strategic orientations taken by the
equipment manufacturers. Light-hand, “market oriented” regulation need to get along
with more stringent public policies, promoting new goals assigned to the power sector
and giving it a new dynamic. And these new public policies are designed and deployed
at various geographical scales, depending on each national institutional framework
and on pre-existing industrial structure and organization. Decentralized features of
renewable technologies and energy efficiency policies may imply or at least promote
the development of public policies driven by public local authorities.

Varying in form from one country to another, policy instruments and measures
regarding renewables and consumption seek to strengthen and accelerate tendencies
that are already underway. The renewable energy sectors (essentially onshore wind
and photovoltaic) were born, in their modern form, in the 1970s, and began to take
shape in the 1980s, even if they remained for a long-time only “niche” technologies.
In the same decade, consumption trends began to change. In developed countries,
development rates slowed significantly, affected by a fall in average rates of economic

11
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growth, a shift in the relative strength of the different business sectors (services up,
industry down) and a degree of saturation in traditional electric uses.

In Europe and in the USA, measures to support renewable energy began to take full
effect between 2005 and 2010. In the USA, many states have been active in adopting
legislation and policy measures aiming to foster the development of renewable energy
resources (State Renewable Portfolio Standards, voluntary renewable energy standard
or target, net-metering for solar PV systems). In Europe, feed-in tariffs allowed
economic agents that invested in wind or solar equipment to rely on guaranteed prices
throughout the lifespan of facilities'!. The purchase price was set at a level and for a
term that guaranteed the absorption of costs and a positive return on investment.
These proved to be highly effective measures, firstly in incentivising investment, and
secondly in stimulating upstream development and innovation by equipment
manufacturers. The result of all this has been a sharp and rapid reduction in costs
(Nemet, 2006). The cost of photovoltaic (PV) crystalline silicon modules fell by a factor
of 100 between the early 1970s and 2015, from $50/W to around 0,55/W (Mayer,
2015). Globally, a PV installation is starting to become viable without any support
mechanism in countries or regions with high irradiation levels (southern Spain,
southern ltaly, Greece, southern US States as New Mexico, California, Arizona, Nevada,
Texas). Using LCOE (Levelized Cost Of Electricity) as a benchmark, a number of studies
show that PV installations (residential or commercial, rooftop or ground-mounted) will
be competitive in the near future with more traditional thermal generation units
(though this does not mean that the two types of supply are interchangeable or
provide the same services) (EIA, 2015). In the wind power sector, the cost trend is
similar, although the downward slope is less steep, with onshore wind power costs
falling fivefold between 1980 and 2010 (NREL, 2012). At present, in windy areas,
onshore wind farms can compete — at full cost — with centralised electricity generation
units. Current PV and wind energy forecasts report that the downward trend in prices
is not going to significantly slow down at least until 2030 (Kost, 2013; PV Technology
Platform, 2015; NREL, 2015).

There is real momentum, reflected an ever-growing presence of renewables in the
energy mix, both in Europe and elsewhere in the world, driven by falling costs. From a
very low starting point, renewables (excluding hydro.) are progressing rapidly: they
accounted for 13.4% of Europe’s electricity gross production in 2015 (EU-28), though
with wide variations from one country to another. In the US, progress has been slower,
but remains significant: renewables (excluding hydro.) accounted for around 8% of
annual production in 2016, as compared with 2.3% in 2006 (with also significant
variations amongst the states, some of them, like Maine, Vermont, California, lowa,
Kansas, California, experienced between 20% and 40% of renewables — excluding

11 They are now progressively replaced by other types of mechanisms which favor the integration of
renewables in electricity markets (market premium, contracts for difference, auctions) and allow a better
control of their dynamics of growth (and therefore their impact on wholesale prices).
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hydro. - in the electricity generation mix)*2. The orientation of technical change, the
nature of selection environments between technologies is changing rapidly. A set of
technological systems, involving innovation, development and diffusion of renewables
technologies, sustained by a variety of networks of players (manufacturers, utilities,
suppliers, academics), is taking shape (Nelson, 1993). They are supported by various
mechanisms (RPS, feed-in-tariffs, contracts for difference, market premiums, auctions)
and by public policies orientations (share of renewables to be attained). They also
benefit from an evolution of the perceptions of the actors (what is desirable, what is
possible to achieve), orientating their current and future decisions (Jacobsson, Bergek,
2004). Renewables also benefit from a favourable selection environment. The
uncertainty surrounding the evolution of the electricity sector, the difficulties faced by
electric companies to cover their fixed costs with market prices (see below), prompt a
lot of players to invest primarily in renewables energy technologies.

The second major component of the energy transition is the need for control over
consumption. The highly ambitious target for cuts in greenhouse gas emissions and a
low carbon economy cannot be achieved exclusively through the development of
renewables. Total levels of energy production must also be reduced, a goal that
demands action on consumption levels. Different measures have been implemented,
together or separately: energy-saving certificates, the application of standards to
electrical consumer goods, labelling and information, subsidies for improving the heat
efficiency of existing buildings and thermal efficiency regulations for new
constructions. They would seem to be starting to have an impact on consumption,
although this is difficult to isolate from other, more macroeconomic factors.
Nevertheless, these energy efficiency measures may have a structural, long-term,
impacts of consumption levels. As for renewables, energy efficiency programmes and
standards may contribute to structure a stream of activities and to orientate
innovation efforts around new buildings, new materials, advanced-energy saving
technologies, IT devices and smart-home applications.

Although the energy transition is only in its infancy, it is already beginning to have
significant impacts on the electricity sector as a whole. First of all, it is stimulating the
expansion of new electricity generation technologies, organised and structured
around renewables. This trend is accompanied by the development of new activities
focusing on demand and consumption management, driven by actors from different
horizons: equipment manufacturers, companies in the digital sphere, start-ups, etc.
This array of new activities (in both generation and demand-side management) has
the twofold particularity of introducing diversity and decentralisation into the electric
power industry. It is therefore a new avenue of development. It resonates in certain
national and local political circles: national authorities see it as a lever for achieving
public policy goals related to climate change and are receptive to the creation of new

12Sources: Eurostat for Europe, and the US Energy Information Administration for the USA.
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business sectors with the potential to generate jobs and new stream of economic
activities. Local authorities (and in particular municipalities) are backing initiatives that
favour a re-territorialisation of energy responsibilities and restore their legitimacy in
the planning, and indeed the management, of future local energy systems.
Renewables, demand-side management solutions, use of local energy resources (e.g.
by combining heat and power, by using biomass, waste-to-energy solutions,
geothermal energy, etc.): delivering local energy solutions is gaining impetus and is
sometimes considered as a prime way to move towards a low carbon electricity sector.
If they overcome some serious technical and economic limitations which still impede
their expansion, local energy systems could become (again) a real alternative to large-
scale, centralized and interconnected systems.

Energy transition is therefore potentially disrupting the fundamentals of the electricity
system as we know it. And energy transition has also a more immediate impact on its
functioning. The emergence of subsidised renewables, produced at a marginal cost
that is close to zero, the long-term break in the upward trend in demand, associated
with more cyclical phenomenon’s as depressed gas and oil prices (and CO; prices in
Europe) and over-investment in power generation capacities lead to lower electricity
market prices. The adequate mechanism of setting prices on the basis of marginal
costs, which — with an appropriate production stock — makes it possible to cover
variable costs and to obtain a return on investment, no longer works. Wholesale
prices, in rapid decline over the last few years, are not sufficient to achieve returns on
investment for thermal generation. This situation, which can be described as a
phenomenon of de-optimisation, cannot be endogenously corrected solely by the
producers themselves (for example by deciding to close certain non-viable power
plants and to delay investment in the hope of reducing the production stock to an
appropriate level), because it depends on a set of exogenous factors, partially
associated with public policy decisions (the rate of progress of renewables, the
implementation of capacity mechanisms). In consequence, doubting the viability of
their involvement in centralised production, some electricity companies are taking
measures to disengage, either totally or partially. This situation throws the entire
sector into disarray (Keay, 2016) and calls for a re-design of the institutional and
regulatory framework of the electricity sector in the perspective of energy transition
(IEA, 2016). This re-design of regulatory rules could be extended to the network
activities, and more specifically to distribution networks, which could be strongly
impacted by the development of renewables!®. And who, in return, are essential
facilities to envisage a massive and cost-effective penetration of renewables in the
electricity system (at least without competitive storage technologies).

Energy transition may be analysed as a “reconfiguration” process. It consists of a socio-
technical change, involving substitution of mainstream technologies and

13 See, in this area, the “Reforming the Energy Vision” initiative of the State of New York and MIT (2016).
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transformation of associated and aligned public policies, social practices, structures
and industrial organisations and networks of actors (Geels, 2002, 2007). This process
may take time to be accomplished, because the pre-existing socio-technical
configuration, organised around a generic centralized and standardized model, is
characterized by its stability and its strong internal consistency (alignment of
activities). This model has been implemented and supported by large incumbent
utilities, delivering products and services through a body of complementarity and
highly capital-intensive assets, networks and infrastructures. It has exhibited large
externalities, strong inertia and long-lasting lock-in effects. These characteristics,
whose magnitude differs from one country to another, will play their roles in the
reconfiguration process associated with the energy transition. Therefore, the scale and
the timing of change (trajectories, temporal dynamics) of each national energy
transition may largely rely on two type of factors. The first is related to the pre-existing
industrial structure, organisational and technological choices. The larger socio-
technological system, driven by a centralized national decision-making process,
generating more inertia and resistance, may be slower to evolve (Grubler, 2012, p. 12).
The second is related to each national institutional framework and public policy.
Ambitious decarbonisation targets, appropriate measures and regulatory instruments,
stability and persistency of public policies, introduction or reinforcement of
decentralized levels of decision-making: all these elements will have an impact on the
scale and the temporal dynamics of energy transition in each country (Sovacool, 2016).

The future of the electricity system: trajectories of change

A ferment of new activities, driven by favourable expectations, on the one hand; a
weakening of the existing system, on the other hand: a new landscape is emerging.
Energy transition, as a “reconfiguration process”, will have an impact on the current
organisational model of the electricity sector. But what form will it take and what will
be its scale and magnitude? Amongst others, three possible trajectories of change can
be envisaged, depending on pre-existing (industrial and organisational) structure and
on public policy.

1/ Temporary de-optimisation. Under this scenario, the transition will have few
structural impacts, as governments decide to readjust the mechanisms of support for
renewable energy (drastic reduction, even withdrawal), to reward capacity and not to
pursue public policies of demand-side management. The centralised model would
recover its relevance and regulatory mechanisms (market-based or not) would lead to
a re-optimisation of the production mix and to an appropriate framework for
supporting network development. This would mean public authorities entirely or
partially abandoning the public policy objectives they have set (maybe because of their
inability to choose between contradictory and partially conflicting goals). At the same
time, it would require the industrial and institutional actors backing the development
of new decentralised solutions to abandon their efforts, either through lack of
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resources, or because of their inability to develop technical objects, system
architectures and standards capable of meeting needs and providing a credible
alternative — both technical and economic — to the centralised system. Finally, it would
require the electricity companies to “re-enchant” the centralised model by embarking
on a cycle of efficiency improvements and cost reductions sufficient to give existing
solutions a new start and/or to ensure that new solutions (renewables) will have the
features of centralized generation units (see below). For the time being, renewables
are developed either in a decentralised way (PV roof installation, isolated wind
turbines) by final customers (households, businesses, offices and commercial
buildings, municipalities) to cover a part of their electricity consumption; or in more
centralized way (ground-mounted PV, large-scale onshore or offshore wind facilities)
by investor-owned utilities like any “centralized” generation units. The pace of
expansion of those different renewables systems, the scale at which renewables will
be deployed, the degree of standardization of renewable solutions: all these topics will
probably be at the centre of the stage and will have a structural impact of the future
of the power industry.

2/ Incremental changes. In this second scenario, the new decentralised renewables
generation facilities, combined with demand-side management solutions, driven by
ambitious and decentralized public policy objectives, develop extensively and give rise
to genuine local energy systems, which prove effective and meet the needs of
customers. These systems find their place alongside the centralised model, in a
coherent hybridisation of the local and the national. This assumes that, on the one
hand, the costs of the decentralised systems continue to fall and a significant part of
renewables are generated locally (by individual customers, commercial enterprises or
municipalities) and not in the frame of large/centralized projects supported and
financed by electric companies?*. On the other hand, changes are made to the sector’s
organisational rules to ensure that the two systems can coexist. In this scenario, it is
probable that the imprint of existing national institutional frameworks will remain
strong. Local energy systems could find support and real opportunities for deployment
in countries where there already exists a “strong local public” sector, organised around
local authorities that possess extensive scope for action and decision-making powers
on energy matters, as is the case, for example, in a number of northern European
countries (Lorrain, 2005). In these countries, hybridisation could lead towards local
solutions, as it might in a number of emerging countries where the centralised system
has so far only been partially deployed. In other contexts, where institutional systems
are more centralised, or where regulatory rules are less encouraging, local solutions
could find less scope for development.

14 The share of centralized vs. decentralized renewables will highly depend on the kind of support
mechanisms that will be designed and the level of subsidies associated with them. It will also depend on
the rules, restrictions and standards applied on self-consumption/self-generation, including the charges self-
consumers will have to pay for covering the network costs.
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3/ A paradigm shift. In this third scenario, the centralised model is marginalised, as
local systems undergo massive and widespread development. The adoption of
decentralized technological solutions is hastened by very ambitious decarbonisation
goals and by policy mechanisms and decision-making which favour local systems and
local actors. Centralised solutions will survive simply to maintain sufficient security of
supply to handle the intermittent nature of renewable energy (itself largely attenuated
by the growing sophistication of demand management mechanisms and by backup
from other local energy sources). This scenario would require a very sharp acceleration
in the pace and scale of the technical improvements still needed in numerous
domains, to make local energy solutions viable, robust and economically attractive.
Which would first require strong commitments from the actors concerned, and then
the capacity to organise in order to create standards and norms that would make it
possible to rationalise and industrialise what can be seen as a disparate set of
architectures and systems that are not always mutually complementary. Finally, this
scenario would need to be accompanied by the development of a new market design
and profoundly remodelled forms of regulation (including support mechanisms
favouring decentralized renewables and self-consumption/self-generation solutions).

Concluding remarks

The future remains wide open. At this stage, it is not possible to determine with
certainty what scenario will prevail and what trajectory of change the electricity sector
will follow. Nonetheless, in the light of what took place in the years 1890-1930 (which,
as we have seen, determined the sector’s organisational model for around a century),
we can make the following observations. The current energy transition has reopened
a set of debates about the organisation of the sector which were considered closed
for good (centralisation versus decentralisation, standardisation versus
differentiation), and placed the actors in a situation of uncertainty about the future
comparable with that experienced by the pioneers of electricity. This indeterminacy,
coupled with the now widespread consensus that the current situation of the market
is unsustainable, spotlights the idea that the electricity sector, its organisation and its
modes of regulation, is in a “reconfiguration process”. Far from any “technological
determinism”, past experience shows that it is institutional and political factors,
entrepreneurial decision-making, coalitions of interest, which largely shaped the
sector’s trajectory. They created the conditions for the centralised and standardised
model to succeed and spread. Although the context, the stakeholders, the forms of
interaction with public authorities (governments, regulators), the forums in which
discussion and decision-making take place, have changed, the logic at work remains
the same. One may venture to argue that the trajectory of change in the electricity
sector (scale, temporal dynamics) will probably be linked with the capacity of a
coalition of actors to propose a stable model (or its lineaments) for tomorrow’s
electricity sector, a vision of the future, founded on a coherent set of elements
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(technologies, regulatory rules, policies and measures, pricing methods, type of goods
and services supplied to customers), which is capable of meeting both public policy
objectives and the requirements and aspirations of consumers. There are several
competing models, and the future will decide which will prevail and what path it will
follow, but everything leads us to believe that, as happened for the centralised model,
the result will above all be a “social construct”. And this “social construct” may be very
different from one country to another, depending on pre-existing (industrial,
organisational and technological) choices and on persistency, coherency and
ambitiousness of national and local public policies.

Christophe Defeuilley
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