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Disclaimer 

These slides were designed by Dr.Abeer 
Almaimouni and were used while teaching the 
course of Power System Economics at Kuwait 
University.  Unless it is specified on individual 
slides, the content, graphs, and numerical 
examples were based on the book of Prof.  Daniel 
Kirschen and Goran Strbac, Fundamentals of Power 
System Economics,  or the slides that Prof. Kirschen 
used while teaching the course at the University of 
Washington. In many places, a direct quotation was 
made from either his slides or book.  
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The Traditional Business 
Model
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Traditional 
Utility 
Model

such as 
building generating plants, 
transmission lines and 
distribution networks, 
operating them in a reliable 
manner, and billing the 
consumers for the service 
provided. 

4



Why vertical 
integration?
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Why 
monopoly?
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Problems 
with Public 
Monopolies
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Bad Things 
Governments 
5ƻΧ
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Possible solutions?

ÅPrivatization

ÅUnbundling

ÅCompetition

ÅPrivate Monopoly

ÅRegulation
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Problems 
with Private 
Monopolies
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ƴƻōƻŘȅΩǎ ƛƴǘŜǊŜǎǘ



Regulation
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The 
άwŜƎǳƭŀǘƻǊȅ 
/ƻƳǇŀŎǘέ
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Rate of 
Return 
Regulation
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Is a regulated 
vertically 
integrated 
monopoly 
the solution?
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How about 
privatization?
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How about 
unbundling?
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How about 
Competition?

17



Is deregulation the answer?
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Pros of 
Monopoly

ÅAll operation and investment decision are taken 
within a single organization and hence can be 
coordinated to  co-optimize the reliability and 
the economy.

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

ÅThe transmission capacity and topology can 
match  the generation capacity and location.

ÅCompetition can jeopardize the reliability of the 
system.

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

ÅNone of which has the responsibility to 
supply electrical energy to all the 
consumers.

ÅEach company tries to maximize its private 
objectives.
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Pros of 
Competition

ÅProcesses more open and transparent. 

ÅBuyers and sellers have an interest in 
improving to reduce costs and 
improve the profitability of their 
assets. 

ÅSystem 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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Impact on 
Investment

ÅMonopoly utilities overestimate the 
amount of generation capacity.

ÅPrivate companies have an incentive to 
match the actual evolution of the demand 
more closely than the recommendations of 
a single planning department. 

ÅIn 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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How about the 
transmission 
and 
distribution 
networks?

ÅHave so far been treated as natural 
monopolies. 

ÅFrom the economic and the reliability points 
of view, all lines, feeders, and other 
components should be connected to the 
same system. 

ÅHowever some economist believe 
independent investors should have the 
opportunity to build new transmission 
facilities to satisfy specific needs that they 
have identified. 
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[ŜǘΩǎ ŘƛǎŎǳǎǎ 
electricity 
markets!
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Electricity is not governed by classical economics
24



25

The demand The supply
A place to 
meet

Transportation 
system

Goods



Can the electrical energy be treated as a commodity?

KWh

KWh

KWh

KWh
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How does electricity 
compare to other goods?

ÅLinked with a physical 
system
Å Its delivery occurs on a continuous 

rather than a batch basis.

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

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

ÅElectricity produced by 
different generators is 
pooled
Å Generator cannot direct its production to some 

consumers

Å Consumer cannot choose which generator 
produces the energy it consumes

Å Electrical energy produced by all generators is 
indistinguishable

ÅPooling is economically desirable

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

ÅDemand for electricity exhibits 
predictable daily, weekly and 
seasonal variations

ÅElectricity cannot be stored in 
large quantities
ÅMust be consumed when it is 

produced

ÅProduction facilities must be able 
to meet peak demand

ÅVery low price elasticity of the 
demand in the short run
ÅDemand curve is almost vertical
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Upholding the 
delicate balance

Åsupply and demand ςgeneration and load ς
must be balanced on a second-by-second 
basis.

ÅIf 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

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

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

ÅSevere social and economic 
consequences.

vulture.com 32

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?

35



The key elements in any 
market?
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THE DEMAND THE SUPPLY

A PLACE TO MEET TRANSPORTATION 
SYSTEM



The Electric Utility Network 
Source: Utilities Consumer Advocate (UCA) 37

https://ucahelps.alberta.ca/electricity-energy-market.aspx
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Generating 
companies 
(Gencos)

Distribution 
companies 

(discos)

Transmission 
companies 
(transcos)

Consumers 
(large, small)

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


Actors After Full 
Unbundling

Generating 
companies 
(Gencos)

Distribution 
companies 

(discos)

Transmission 
companies 
(transcos)

Consumers 
(large, small)

Independent 
System 

Operator (ISO)
Retailers

Market 
Operators(MO) 

Regulator

39
Å Own physical assets
Å 5ƻƴΩǘ ƴŜŎŜǎǎŀǊȅ ƻǿƴ ǇƘȅǎƛŎŀƭ ŀǎǎŜǘǎ



Generating 
Companies

40
https://www.electrical4u.com/electric-power-generation/
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Transmission 
Network 
Owners
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https://lnibdc.com/2020/02/27/lnibdc-kingsvale-trans-line-news-release/

41



Distribution 
Network 
Owners
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https://www.ul.com/offerings/electrical-distribution-services
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Consumers
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https://www.livescience.com/43424-who-invented-the-light-bulb.html
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Retailers
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Independent 
System 
Operator 
(ISO)
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Regulator
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Transmission 
System 
Operator 
(TSO)
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Åcombine the function of ISOs with 
the ownership of transmission 
assets.



New Actors 
After Full 
Unbundling

Generating 
companies 
(Gencos)

Distribution 
companies 

(discos)

Transmission 
companies 
(transcos)

Consumers 
(large, small)

Independent 
System 

Operator (ISO)
Retailers

Market 
Operators

(MO) 
AggregatorsRegulator

Storage 
System 

Operators
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Å Own physical assets
Å5ƻƴΩǘ ƴŜŎŜǎǎŀǊȅ ƻǿƴ ǇƘȅǎƛŎŀƭ ŀǎǎŜǘǎ
Å New actors



Distributed 
Generation

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



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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ÅServe as a commercial and technical 
intermediary between the 
wholesale markets and the owners 
of distributed energy resources.

ÅContract 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.



Storage 
System 
Operators
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ÅAssume 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. 

ÅTake into account the fact that, 
because of the losses, not all of the 
energy bought and stored can be 
sold back.

https://www.greentechmedia.com/articles/read/fluence-launches-next-generation-battery-storage-product-with-800mw-orders
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