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* Monopoly

— Only supplier of electricity in
a given region (“service
territory”)

— Consumer does not have a
choice of supplier

Traditional
Uftil |’[y + Vertically integrated

— Assingle organisation
MOdel performs all the technical and
business functions such as
building generating plants,
transmission lines and
distribution networks,
operating them in a reliable
manner, and billing the

consumers for the service
provided.
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Why vertical
Integration?

Used to be considered more
efficient
Possible variants:

— Distribution + retail
* Many municipal utilities
* Rural electricity cooperatives

— Generation + transmission
* Bonneville Power Administration

Issues:
— Lack of transparency

— Poor internal communication in
very large organizations
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* Building a power system is expensive

* Building competing transmission and
distribution networks does not make sense

Wh * Until recently having several companies
y - “share” a power system was too complicated
m0n0p0|y . * Monopoly can be:

— Private (investor-owned utility)
— Public (municipal, utility district, national)

Size of service territories varies



A good government will run its utilities in an
efficient and far-sighted manner

Problems This is not always the case
with Public Government bodies are not always efficient

Monopolies either

Conflicts can arise between the objectives of
the government and the objectives of the
utility



* Keep rates low to please the voters

— Utility does not have enough money for
iInvestments

Bad Thlngs * Keep rates high and use the surplus money for
Governments other programs

5 2 X — Inefficient taxation
— Discourage consumption of electricity

* Force the utility to make unnecessary
investments to create jobs



Possible solutions?

APrivatization
AUnbundling
ACompetition
APrivate Monopoly
ARegulation



* Monopolies are inefficient
— No competition
PrOblemS — No need to be efficient to survive

with Private — No incentive to be efficient:

i  Utility earns more if it invests more
MOnOp()“eS * No penalty for building “white elephants”

* High costs passed on to consumers as high prices of
electricity

 Abankrupt utilityisin Yy 2 0 2 R&@ Qa Ay (S
e Rates are “higher than they should be”

10



e A private monopoly could abuse its position
— It must be regulated by the government

RegU|at|0n * Government-owned utilities operate for the
public good

— No need for outside regulation

— Elect new representatives if we are not satisfied
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 Agreement between an Investor Owned Utility
(I0U) and a government

The * |OU receives the right to be the monopoly

(’] W é = dzf supplier over a certain territory

/ 2 Y LJ| * |OU accepts that its rates (i.e. what it can
charge consumers) will be determined by a
regulator

— Example: Washington Utilities and Transportation
Commission
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* Regulator sets the rates so that the IOU can:
— Recover its operating cost (fuel, personnel, etc...)
RateOf — Recover its investments costs (plants, lines, etc...)

Return
Regulation

— Pay a fair rate of return to its investors

* A monopoly utility is a low risk investment
— No competition
— A bankrupt utility is in nobody’s interest

e The rate of return can therefore be low
compared to other investments

13



Is a regulated
vertically * Regulation is difficult
integrated — Little basis for comparison

» Each regulator oversees a small number of utilities
m0n0p0|y  Each utility has a territory with different characteristics
the solution — Difficult to evaluate the utilities’ decisions

* Regulator does not have as much staff as the utility
* Information imbalance
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Utility can focus on its mission

If properly regulated:
— Utility gets the revenues it needs

HOW abOUt — Price of electricity reflects its true cost
privatizati()n _ — Optimal allocation of economic resources

e Access to private sector capital

— Important in developing countries when
government is short of money for investments

Revenue from the sale of privatized assets
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Separation between the parts where
competition is possible and those where a
monopoly is needed:

How about — Competition between generators

Unbund“ng? — Monopoly for transmission and distribution
More transparency in the the system
Essential to create a fair market

— An independent system operator will not favor
one generator over another
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|s deregulation the answer?




Pros of

Monopoly

A All operation and investment decision are taken
within a single organization and hence can be
coordinated to ceoptimize the reliability and
the economy.

A the maintenance of the transmission system
and the maintenance of the generation
units.

A The transmission capacity and topology can
match the generation capacity and location.
A Competition can jeopardize the reliability of the
system.

A A single integrated utility is replaced by a
constellation of independent companies.

A None of which has the responsibility to
supply electrical energy to all the
consumers.

A Each company tries to maximize its private
objectives.
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AProcesses more open and transparent.

ABuyers and sellers have an interest in
Improving to reduce costs and
Improve the profitability of their

Pros of assets.
C()mpetition A System operators are forced to

maintain the stability and reliability
across interconnections as markets
have grown geographically as larger
markets provide more trading
opportunities between distant
generators and load.
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AMonopoly utilities overestimate the
amount of generation capacity.

APrivate companies have an incentive to
match the actual evolution of the demand
Impact on more closely than the recommendations of

lnvestment a single planning department.

AlIn addition, underutilized investments by a
company operating in a free market
represent a loss for its owners and not a
liability for its customers.
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AHave so far been treated as natural

monopolies.
How about th AFrom the economic and the reliability points
' ' of view, all lines, feeders, and other
transmission components should be connected to the
and same system.
distribution AHowever some economist believe
Independent investors should have the
networks? opportunity to build new transmission

facilities to satisfy specific needs that they
have identified.
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The buﬂdmg blocks of any market?

‘ The demand ‘ The supply ‘
‘ Goods
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A place to
meet

Transportation
system




Can the electrical energy be treated as a commodity?







How does electricity
compare to other goods?

ALinked with a physical
system

A lts delivery occurs on a continuous
rather than a batch basis.

A Generators, consumers, and the
wires that connect them are
mutually dependent and cannot be
treated like fully independent
entities.

A Physical delivery system operates
much faster than any market
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How does electricity
compare to other goods?

AElectricity produced by
different generators is
pooled

A Generator cannot direct its production to some
consumers

A Consumer cannot choose which generator
produces the energy it consumes

A Electrical energy produced by all generators is
indistinguishable

A Pooling is economically desirable

A A breakdown of the system affects
everybody
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How does electricity
compare to other goods?

ADemand for electricity exhibits
predictable daily, weekly and
seasonal variations

AElectricity cannot be stored in
large quantities
A Must be consumed when it is
produced

AProduction facilities must be able
to meet peak demand

A Very low price elasticity of the
demand in the short run

A Demand curve is almost vertical
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Upholding the
delicate balance

A supply and demand generation and load
must be balanced on a secoig-second

basis.
A If balance is not maintained, or if the
capacity of the transmission network is

exceeded, the system collapses with
catastrophic consequences.
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Catastrophic consequences
of not maintaining the
balance

A An entire region or country may be
without power for many hours.

A Restoring a power system to normal is
a very complex process that may take
24h or longer.

A Severe social and economic
consequences.

vulture.com
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https://www.vulture.com/2016/08/get-down-pop-culture-handles-1977-nyc-blackout.html
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The balance must be held at practically any cost
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Dramatis Personae

Who are the characters in the play?
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The key elements in any
market?

THE DEMAND THE SUPPLY

A PLACE TO MEET TRANSPORTATI

SYSTEM
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The Electric Utility Network

Source: Utilities Consumer Advocate (UCA)



https://ucahelps.alberta.ca/electricity-energy-market.aspx

Generati_ng Transmission Distribution Consumers
companies companies companies (large, small)
(Genco} (transco$ (CIEED) =

LEE



https://ucahelps.alberta.ca/electricity-energy-market.aspx

Actors After Fu

Unbundling

Generating
companies
(Gencos)

Transmission
companies
(transcos

Independent

Market

Distribution
companies
(discos)

Consumers
(large, small)

REENES

Regulator

Operators(MO)

A Own physical assets 9
AB52yQi y505aalNE 28y LIK2aAOPS




* Own and operate power generating plants

G eneratl ng * Compete against each other to sell energy

* Competitive advantages

CO m pan I eS — More efficient plants

— Cheaper fuel
— Higher plant availability

40
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Transm ISSIO n ° CiV\Ll::]:Snd maintain transmission assets
Network R
OWne IS * Usually a regulated business

— Revenues determined by the regulator based on
the value of the assets
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Distribution
Network -

* Own and operate the distribution networks
OWﬂerS * Regulated business

— Revenues determined by the regulator based on
the value of the assets

42

= https://www.ul.com/offerings/electficaldistribution-services




consumers

* Small consumers
— Residential or commercial consumers
— Buy electricity from a retailer
— Buy electricity on a tariff (i.e. fixed price)
* Large consumers
— Industrial or large commercial consumers
— May buy directly from the electricity market
— May buy electricity at time-varying prices

* Expected to become increasingly active

43
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Independent
* Facilitate trading of electricity
SySte m — Matches bids and offers submitted by buyers and

sellers of electrical energy

: pe ra‘tor — Runs the market settlement system
(I S O) * Monitors delivery of energy
* Forwards payments from buyers to sellers
* Requirements:
— Fairness, independence

45




Regulator

* Oversees the operation of the electricity
market

* Determines the allowed revenues of the
monopolies (“wire companies”, i.e.
transmission and distribution owners)

* Check that the wire companies maintain the
quality of service

46



Transmission
System
Operator
(TSO)

Acombine the function of 1ISOs with
the ownership of transmission
assets.

47



New Actors
After Full
Unbundling

Generating Transmission Distribution
companies companies companies

(Gencos) (transcog (discos)

Independent
System Retailers
Operator (ISO

consumers
(large, small)

Market

Operators Regulator
(MO)

Aggregators

Storage
System
Operators

A Own physical assets
As52yQi ySOSaalNeE 2gY LJKéé)\C)I-4f8
A New actors



Distributed

Generation

Photovoltaic
power station
N

Baneﬁes‘ J

Commercial
load

Residential

-

Power‘
Quality
device

Vehicle-to-grid Hydro Power Plant

Industrial

load

S.Refaat Shady & Mohamed, Amira. (2019). Smart management system for improving the reliability and availability of substatiargmdsm
with distributed generation. The Journal of Engineering. 10.1049/joe.2018.8215. 49



Challenges to the
direct participation
of the distributed

energy resources
and demand
response in
electricity markets?

The number of market participants
would increase vastly making the
markets unmanageable.

The rules of the wholesale markets
are complex and the requirements
for participation are strict.

The transaction costs prohibitively
expensive for small participants.
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Aggregators
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AServe as a commercial and technical
Intermediary between the
wholesale markets and the owners
of distributed energy resources.

AContract with a number of small
consumers to reduce or shift their
demand in time on request. The
combined effect is then sufficiently
large to be sold on the wholesale
market.
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Storage
System
Operators

AAssume batteries or other energy
storage devices perform only
temporal arbitrage, I.e. they buy
and store energy when the price is
low and release and sell this energy
when the price is high.

ATake into account the fact that,
because of the losses, not all of the
energy bought and stored can be

sold back.
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The Four Models of Competition
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