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An even harder problem
is creating longer-term
transmission markets where
; the following occur:

¢ End users purchase
transmission rights at value
to hedge against real-time
congestion uncertainties.

* The cost of the rights
promotes efficient and re-
liable investment in the

with economic value ',

Assigning economic
value to reliability means that custom-
ers can benefit from economic incen-
tives, such as paying less if they al-
low for interruptions. It also forms an
infrastructure that allows energy sup-
pliers to develop flexible requirements
(or protocols) that adapt to changes in
supply and demand and provides op-
portunities for new capacity invest-
ments (see Fig. 1).

Fundamental Problems

Current design and operating practices
for electrical power systems do not al-
low these systems to operate both re-
liably and efficiently. Systems are at
risk of blacking out or costing too
much—or both. To effectively change
the industry’s attitude toward relia-
bility, several fundamental problems
need to be addressed, including:

Efficiency issues. One problem is
that the traditional regulated industry
has no strong incentives for efficiency.
The tendency is to overdesign electri-
cal systems and then be paid for cost
plus guaranteed profit. Despite sys-
tem overdesign, engineers still can’t
guarantee reliability because it’s dif-
ficult to manage the technical difticul-
ties associated with low-probability,
high-impact events; these events will
happen, but one can never design for
all of them.

Efficiency is also difficult to
achieve in deregulated industries be-
cause the economy is a dynamic pro-
cess that no one can model, much less
control. Furthermore, if one begins to
value such intangibles as reliability,
the dynamics become even more dif-
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Fig. 1. Basic interdependencies in the evolving industry.

ficult to model.

Another problem is that the lack of
value for reliability produces a ten-
dency to design and operate for effi-
ciency at the expense of technical ro-
bustness. For example, no one in this
industry is specifically penalized for
blackouts. Consequently, the eco-
nomic pressures to transfer larger
blocks of power over longer distances
(for profit) stress the system and in-
crease the grid’s risk for blackouts.

Achieving the highest levels
of reliability is impossible
unless the industry
fully supports a policy
that considers reliability itself
as a product with
economic value.

Economic factors. The players in
today’s electricity market view eco-
nomic processes through a short-term
window. However, improving relia-
bility requires the management of
longer-term financial and/or physical
risks, which requires longer-term in-
centives. Long-term incentives require
time periods great enough to allow for
the dynamic economy.

The industry will move forward
only when major efforts are made to
develop incentives for capacity valua-
tion under market uncertainties and
equipment outages. Such efforts would
include developing new software tools
for the online management of reliabil-

transmission system. (The

Federal Energy Regulatory
Commission is struggling with this
now.) A peculiar issue here is, unless
reliability-related risk management is
valued as a separate service, it becomes
almost impossible to differentiate be-
tween hedging against financial risks
and the physical risks themselves.

Incentive inequities. Another cur-
rent problem is the major inequities
between incentives given to power
producers, marketers, consumers, and
delivery companies. Currently, power
producers and marketers alone receive
incentives. It’s critical to introduce
technologies and policies that make
groups of consumers more responsive
to system conditions.

Also, to facilitate the penetration
of technologies, the industry must
move beyond the guaranteed, cost-
plus-fixed-profit payment for trans-
mission. If it doesn’t, it will be diffi-
cult to support sustainable transmis-
sion technology.

Technological incompatibility.
The technologies that will shape the
future structure of the industry are al-
ready here, yet many of them are in-
compatible with current practices. The
existing grid relies mainly on large-
scale power plants. It isn’t equipped
to handle new technologies such as
small, distributed generation.

Other new technologies, including
long-available, setback thermostats;
automatically balanced demand; and
adjustable speed-motors (all supported
by various metering and switching
devices) require much more active par-
ticipation from electricity users.

Some users may want a choice of
more environmentally sustainable



Cover Story

power than currently provided by ex-
isting plants. Others may prefer lower
cost, greater control over power avail-
ability, or the potential for lowering
payout by selling cheaply generated
solar or wind power back to the grid.

Similarly, transmission and distri-
bution will involve vast arrays of con-
trollable switches to implement flex-
ibility, many of these being located
closer to the users. More localized stor-
age of energy, particularly of locally
generated solar or wind power, also ap-
pears likely. Such storage will have the
fundamental value of enabling the us-
ers to acquire energy at a lower price,
for use when it’s more expensive. With
more effective, lower-cost devices,
storage could become routine, and po-
tentially widely distributed.

Software deficiencies. The soft-
ware-based methods needed to trans-
form the grid into a highly decen-
tralized state are far behind what’s nec-
essary and possible.

For example, it’s possible for some
software to reaggregate and recon-
figure the market, depending on the
patterns of use or demand and the
quality of power required. With these
capabilities, a viable new industry
might center on brokers who “wheel
and deal.,” owning no assets for gen-
eration or transmission themselves,
but servicing the software-recon-
figured demand. Such brokers are al-
ready present in the industry, but they
can’t operate with poorly defined mar-
ket rules—vparticularly in relation to
reliability risks.

The most desirable grid would fea-
ture hardware and software that rap-
idly adjusts to real-time data rather
than operating on forecasts that might
be wrong.

A New Strategy

Dealing with the aforementioned
problems will require the industry to
forge new policies to meet future
power demands. One necessary
change, for example, is to abandon
rigid reserve requirements and de-
velop protocols that would yield flex-
ible and robust power delivery at the

Two Major Questions
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Fig. 2. Interconnections for distributed reliability

same time ?. Current reliability cri-
teria (reserve requirements in particu-
lar) fail to guarantee the reliability
specifications desired by customers.

At the same time, the current reli-
ability criteria are major obstacles to
the efficient use of various resources
3.4 Part of the solution requires ac-
tive participation by end users. They
must specify their demand for reliabil-
ity and acknowledge their willingness
to pay for it [-23-¢,

The most desirable grid
would feature hardware and
software that rapidly adjusts
to real-time data rather than

operating on forecasts that
might be wrong.

Another good step would involve
developing a framework for providing
reliable and efficient service—one that
establishes the basic interdependencies
between capacity (generation and/or
transmission), including its pricing and
the underlying policy (regulation). The
problem of unreliable and inefficient
system performance can then be
viewed as a multilayered problem with

specific economic, procedural. and
technical objectives.

Of course, creating the necessary
framework for flexibility and robust-
ness in complex power systems would
be impossible without advanced hard-
ware and software (IT) options.

IT-based control engineering for
complex power systems naturally
lends itself to the homeostatic concept
proposed by Fred Schweppe °.
Schweppe asserted that system-wide
robustness is achieved when all end
users adjust to system conditions (such
as frequency and voltage), cumula-
tively balancing supply and demand
in real time (see Fig. 2).

Fortunately, major advances in IT
and small-scale sensors and actuators
make distributed intelligence a real-
ity by helping to develop models that
verify and update the data in an online
setting. This is a qualitative departure
from the static coordination and con-
servative design for robustness found
in older infrastructures.

Schweppe’s basic concept, how-
ever, needs tremendous extensions.
The ideal system would provide co-
ordination through information re-
quirements or pratocols. For exam-
ple, any device attached to the power
grid might be required to “announce”

Continued on page 21
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Continued from page 18
itself and its characteristics (i.e., how
much power it uses, or how much it
might generate). In any event, regula-
tions will be needed to assure that the
necessary information is provided to
coordinate the system, preferably in
some automated, nonintrusive way.
The benefits of an IT-based infra-
structure cannot be underestimated.
With it, many small customers could
form larger coalitions for the purpose
of negotiating the best possible rates
and services. It would also encourage
energy providers to build power port-
folios with a wide variety of services
and options. IT-based protocols play
a major role in interconnection by
making real-time data available to all
parties simultaneously.

Conclusion

Ensuring reliable operations for the
changing electric power industry re-

quires a major systematic overhaul.
The most effective industry structure
is one that explicitly defines and val-
ues supply and demand, reliability,
and high-quality service.

Creating such a structure, however,
presents system operators with a real
challenge, especially while there’s a
need to meet short-term operational
reliability under competition. The
challenge is not impossible, but it is
important. Adequate power supplies in
the future depend upon the industry’s
ability to change its policies and prac-
tices today. PQ

Marija Ilic is a senior research scientist
with the electrical engineering and com-
puter science (EECS) department at MIT
in Cambridge, Mass. You can reach her at
ilic@mit.edu.
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