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THE SPARK OF ELECTRICITY
An industry in dramatic change

Introduction
Electricity is a crucial sector that provides a
basic service to all other industries as well as
to households. It is therefore one of the main
pillars for all world economies.

An increasing need for
energy
Over the last decade there have been a certain
number of relevant events that have pushed
governments and societies to rethink the
structure of the electricity sector. Rethinking
includes  the usual issues related to the sector
(environment, sustainability, economy), as well
as external trends such as the increase in LNG
supply, the US change from oil-importer to oil-
exporter, and the phasing out of nuclear power
following the Fukushima nuclear disaster.  The
above issues have increased the pressure for a
global reform. What previously was presumed
as a very stable industry, due to its commodity
status and very regulated markets, has
become a volatile industry under constant
pressure. But the many interests involved are
making its transformational process
particularly delicate and complex. It is not easy
to find a straight solution and a common
agreement to make advancements in
electricity.

One of the key forces putting pressure on the
industry is population growth, resulting in
increased demand for electricity.

The next graph illustrates the expected
evolution in energy demand:

The world population and the global economic
growth are expected to drive the electricity
demand upwards of 50% between 2012 and
2040. The graph above shows the split of the
demand amongst various sources, and whilst
the fossil fuels are expected to remain the
primary energy source, the renewables
(beyond hydro) are expected to be the fastest in
growth.

Two other trends that are fueling the harshest
debate amongst stakeholders are resource
scarcity and climate change. As far as
resources are concerned, coal, oil and gas are
not infinite and there is a major consensus that
supplies will only last for a maximum of
another century.

The graph below explains the expected
evolution of fossil resources (coal, oil and gas):

If this is not an issue for the current and next
generation, it will be for the following one. The
awarness of this is one of the main factors in
pressurising governments, energy companies
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and society to find new ways to produce and
distribute energy.

Another important factor is climate change
that is the most complicated and controversial
topic. Increasing world temperatures is often
mentioned by experts as the most worrying
signal. Current temperature levels, and their
expected evolution, are already considered by
some to be beyond the point of non-return.

The chart below contains the EPA
(Environmental Proteation Agency) forecast on
temperature increases by 2050:

The choices amongst different sources of
energy are the major drivers of temperature
fluctuations and are constantly under critique.
The current expectations depict a scenario in
which temperature averages will increase by
7.5oF by 2050, a very alarming level that, should
it materialize, would have massive effects
spanning across agriculture, energy, health,
plants, animals, ecosystems, forest and
recreational/coastal areas.

By mapping the different known sources of
energy with respect to their abundance and
ecological impact, we can highlight renewable
energies (solar, wind, hydro, geothermic, etc.)
as having the highest net social value:

The entire electricity industry model is
consequently shifting from conventional to
renewable sources of energy.

Challenges of renewables
Renewable energies, despite their social value,
contain challenges that need to be overcome in

order to ensure the viability of the electricity
industry’s model.

The graph below shows a typical demand profile
of an individual household monitored every two
minutes:

Source: The Environmental Change Institute, University of
Oxford, at
http://www.mpoweruk.com/electricity_demand.htm, last
visited 16.06.2015

Even though the demand profile of an
individual household is very volatile, the
aggregate demand for the industrial, domestic,
and residential consumers in a community
tends to even out the overall demand profile.

In addition, despite the fact that the aggregate
demand varies during the day, as well as over
the course of the year due to seasonality; it
does so in a fairly foreseeable pattern, as
depicted in the following chart:

Source: Lawrence Berkeley National Laboratory, at
http://www.mpoweruk.com/electricity_demand.htm, last
visited 16.06.2015

Similarly to the electricity demand pattern, the
supply inherent from renewables is also
volatile. As a result, there is a mismatch
between demand and supply, as portrayed
subsequently:

http://www.mpoweruk.com/electricity_demand.htm
http://www.mpoweruk.com/electricity_demand.htm
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Source: http://www.ieer.org/reports/NC-Wind-Solar.pdf

With increased penetration of renewable
sources, the grid is undergoing a shift from
predictable dispatchable generation to variable
non-dispatchable generation. This adds a new
level of uncertainty and volatility to the grid
that causes an array of problems as the
relative proportion of variable generation
versus traditional dispatchable generation
increases.

Since generation from renewable sources is
unpredictable, it becomes challenging to
schedule and manage traditional generation
assets to compensate. Renewable sources
also tend to be geographically concentrated
and isolated, triggering problems related to
transmission limitations.

Grid and renewable operators are struggling to
react to such changes. Options such as adding
additional gas turbines to compensate for the
variability of renewables are being debated, but
these are flawed solutions given that they
fundamentally offset the benefits and purpose
of deploying renewable sources. Wind
operators can curtail their output to reduce the
impact, but doing so forgoes generation and
reduces the value of wind output.

In order to compensate for the inherent
volatility of renewable energies, two main
shifts need to take place:

First, a behavioral change needs to occur from
a consumption point of view. The main
challenge here is to reduce peaks of
overproduction and the corresponding higher
prices. Smart-meters can address that
challenge by evening out consumption
throughout the day. Smart-meters enable a
two-way communication with Smart-grids,
matching supply and demand with their
response signals. This can incite consumers to
adapt their electricity usage. Regulation and
policies have a significant role to play to ensure
a successful rollout of Smart-meters and their

incorporation into grids. Tariffs could also be
applied to incentivize a behavioral shift, both
from the customer perspective and from a
competition side.

Secondly, storage of electricity is needed to
compensate for the above-mentioned daily
fluctuations and unpredictability in electricity
generation due to several factors (e.g. lack of
wind of sun), which are drawbacks of
renewable energies currently available. Storing
electricity is a solution that benefits from
constant technological improvements and
breakthroughs. Significant investments are
required to raise storage capability and
flexibility.

A business model in
transition
In order to find their place in the new
landscape, reflecting changes in the electricity
industry, utility companies will have to rethink
their role in the sector.

One possibility is for companies to be
aggregators of electric power. They will provide
financing and grid connection, acting in a
marketplace of service providers by sharing
energy infrastructure.

An alternative for the utility companies is to
become service providers, offering distribution,
storage service and electricity insurance.

A third possibility is to see a patchwork of
“centralized” electricity providers: companies
investing in central wind and solar assets, with
conventional plants on standby to compensate
fluctuations in renewables.

The old industry model has involved
conventional energy sources such as coal and
nuclear plants guaranteeing a base load while
gas-fired plants were used to address
increased demand during peaks. Coal and
nuclear plants were designed to operate at
100% capacity hence they served as base load.
As wholesale electricity prices spiked during
peak hours, the electricity companies
maximized their revenues. However, in the new
industry model, government regulations and
subsidies make renewables viable. Also, as the
marginal cost of producing renewable
electricity is zero, they have priority to grid.
Hence, renewable sources guarantee that the
base load and conventional plants will be used
to cater to peak demand. However, this results
in margin erosion for traditional companies.

http://www.ieer.org/reports/NC-Wind-Solar.pdf
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The old industry model involved centralized,
large generation plants where transmission
and distribution were a natural monopoly. As
these plants required huge capital investment
and long project tenure, the old model involved
few large public enterprises. This ensured
stable cash flows and margins, yet given the
high investment, the return on capital
employed was low. Scale of operations, along
with integration across the value chain, was a
key success factor for business. Also, these
companies operated plants of different energy
sources (nuclear, coal and hydro) to balance
their portfolio. The consumer had limited
control on the price of electricity.

With changing regulations and subsidies,
renewables have become a viable source of
electricity. Given the flexibility to build small-
scale renewable power generators, the
industry is migrating from centralized to
decentralized generations. Hence we can
witness the ‘Prosumer’ model where the
consumers have become producers of
electricity. However, transmission and
distribution still remain a natural monopoly.
Excess supply due to the installation of
renewables resulted in a drop in margins for
companies operating conventional energy
plants. Hence traditional companies are
migrating from conventional energy plants to
being service providers such as building and
operating renewable captive power plants.
These companies will be asset light and shift
from being generators to aggregators.
Technology improvement to reduce storage
costs and investment in smart grids will
determine the effectiveness of the new industry

model. However, regulation will remain the
driving force for the new model to be
successful.

Conclusion
Electricity is an industry in transition, pushed
out of its current business model by a growing
population with an ever-increasing demand, by
the need to move away from greenhouse gas
emissions to put a halt to climate change, and
by a necessity to move to more abundant
sources of energy.

Decentralized sources of renewable energies
are the keys to unlock the industry’s transition,
but they present challenges that need to be
addressed, from a regulatory perspective, from
the consumer and from a macro level. The
addition of smart meters to enable two-way
communication to the grid, combined with
electricity storage capacity, will help
compensate for the renewables’ fluctuations
and accommodate supply and demand.

The existing players in the electricity industry
will need to adapt their business model to
thrive during and after the transition.

Source: 3M, 2015
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