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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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Participating in Electricity Markets
Å¢ƘŜ ŎƻƴǎǳƳŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜ

Å¢ƘŜ ǊŜǘŀƛƭŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜ

Å¢ƘŜ ǇǊƻŘǳŎŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜ

ÅPerspective of plants that do not burn fossil fuels

Å¢ƘŜ ǎǘƻǊŀƎŜ ƻǿƴŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜ

Å¢ƘŜ ŦƭŜȄƛōƭŜ ŎƻƴǎǳƳŜǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜ

Å¢ƘŜ ƴŜƛƎƘōƻǊΩǎ ǇŜǊǎǇŜŎǘƛǾŜ

ÅAn overall Perspective
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ÅCustomers pay a flat rate for each kilowatt-hour that 
they consume. 

ÅThey are insulated from the spot price of electricity, 
i.e. they are passive.  

ÅTheir demand is affected only by their activities. 

ÅAveraged over a few weeks or months, their 
demand reflects only their willingness to pay this 
flat rate. 

ÅThe price elasticity of the demand for electricity is 
small. 

ÅThe slope of the demand curve is therefore very 
steep. 

ÅDetermining the shape of the demand curve is 
practically impossible for a commodity such as 
electrical energy. 
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ÅThe cost of electrical energy represents only a small 
fraction of the cost of living for most households.

ÅHistorically, electricity has been marketed as a 
commodity that is easy to use and always available. 
ÅVery few people carry out a cost/ benefit analysis each 

time they turn on the light! 
ÅConsumers shift their demand instead of reducing it. 

ÅMost small residential and commercial consumers 
are not interested in being charged on the basis of 
prices that change every hour or faster. 

ÅMost consumers will probably continue purchasing 
electrical energy on the basis of a tariff,
ÅTarif: a constant price per kilowatt-hour that is adjusted 

at most a few times per year. 

The low elasticity of electricity
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Variations in the priceof electricity
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Demand curves for electricity



The Value of Lost Load
ÅIt is interesting to compare the 

average wholesale price for 
electrical energy sold on a 
competitive market with the 
Value of Lost Load (VoLL).

ÅA measure of the value that 
consumers place on the 
availability of electrical energy.
ÅThe VoLLis obtained 

through surveys of 
consumers and represents 
the average price per 
megawatt-hour that 
consumers would be willing 
to pay to avoid being 
disconnected without 
notice. 
ÅFor example, from 2007 to 

2013, the average day-
ahead energy price at the 
MISO trading hubs was 
35.85 $/ MWh, while MISO 
estimates VoLLto be 3500 
$/ MWh. 
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ÅLarge consumers (commercial or 
industrial) (demand is at least a few 
hundred kilowatts) participate 
directly and actively in the markets. 

ÅSmaller consumers prefer purchasing 
on a tariff. 

ÅElectricity retailers are in business to 
bridge the gap between the 
wholesale market and these smaller 
consumers. 
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ÅThey have to buy energy at a variable price on the 
wholesale market and sell it at a fixed price at the 
retail level. 

ÅA retailer will typically lose money during periods of 
high prices and make a profit during periods of low 
prices.

ÅTo stay in business, the quantity-weighted average 
price at which a retailer purchases electrical energy 
must be lower than the rate it charges its customers. 

ÅThis is not always easy to achieve.
ÅRetailer does not have direct control over the amount of energy 

that its customers consume.

ÅIf for any period the aggregate amount over all its 
customers differ from the amount that it has 
contracted to buy, the retailer has to purchase or sell 
the difference on the spot market at whatever value 
the spot price reached for that period. 
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Å A retailer tries to forecast as accurately as possible the 
demand of its customers. 

Å It then purchases energy on the forward markets to match 
this forecast. 

Å it is possible to predict the value of the demand at any hour 
with an average accuracy of about 1.5ς2%. 
Å Possible only with large groups of consumers 
Å Aggregation effects reduce the relative importance of 

random fluctuations. 
Å Difficult to accurately predict the demand if:
Å A retailer that does not have a monopoly in a given 

region.
Å Customers have the opportunity to change retailer to 

get a better tariff. 
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Cost of forward purchases and hourly retail revenues for the case of an on-peak/ off-peak tariffForecast demand, average forward purchase price, and retail rate for the case of a flat retail tariff.

Å Pretty Smart Energy is a retailer who forecasts the demand of its consumers, purchases energy on the forward markets (long-term bilateral, 
forwards, futures, screen-based transactions) to cover this demand and resells this energy to the consumers on a retail tariff. 

Å Let us assume retail tariff is flat, i.e. that consumers are charged the same rate for the energy that they consume at every hour. 
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Hour 1 2 3 4 5 6 7 8 9 10 11 12 Total

Load Forecast(MWh) 221 219 254 318 358 370 390 410 382 345 305 256 3828

Forward purchases (MWh) 221 219 254 318 358 370 390 410 382 345 305 256 3828

Average forward prices ($/ MWh) 24.70 24.50 27.50 35.20 40.70 42.40 45.50 48.60 44.20 38.80 33.40 27.70 

Cost of forward purchases ($) 5459 5366 6985 11194 14571 15688 17745 19926 16884 13386 10187 7091 144482 

Revenues ($) 8177 8103 9398 11766 13246 13690 14430 15170 14134 12765 11285 9472 141636 

Profits 2718 2737 2413 572 ҍ монр ҍ мффу ҍ оомр ҍ птрсҍ нтрл ҍ снм 1098 2381 ҍ нупс

Retail operations over a 12-h period for the case of flat retail tariff of 37 $/ MWh
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Forecast demand, average forward purchase prices, and retail rate for 
the case of an on-peak/ off-peak tariff.

Alternatively, Pretty Smart Energy can try to modify the consumption pattern of 
its customers by offering them an on-peak/ off-peak tariff. The retail rate is set 
at 36 $/ MWh for hours 1, 2, 3, and 12 (the off-peak hours) and at 38 $/ MWh 
for the on-peak hours.

Cost of forward purchases and hourly retail revenues for the case of an on-peak/ off-peak tariff
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Hour 1 2 3 4 5 6 7 8 9 10 11 12 Total

Load Forecast(MWh) 264 262 299 337 348 367 385 359 324 345 387 299 3828

Forward purchases (MWh) 264 262 299 337 348 367 385 359 324 345 387 299 3828

Average forward prices ($/ MWh) 24.70 24.50 27.50 35.20 40.70 42.40 45.50 48.60 44.20 38.80 33.40 27.70 

Cost of forward purchases ($) 6521 6419 8168 10525 13716 14755 16699 18711 15868 12571 9586 8282 141821  

Revenues ($) 9504 9432 10692 11362 12806 13224 13946 14630 13642 12312 10906 10764 143220  

Profits 2983 3013 2524 837 ҍфмлҍмромҍнтроҍплумҍнннсҍнрф1320 2482 1399 

Retail operations over a 12-h period for an on-peak retail rate of 38 $/ MWh 
and an off-peak retail rate of 36 $/ MWh.
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Spot prices and average forward prices.

illustrates these imbalances and the resulting cost of the implied trades on the spot 
market, given the spot market prices shown

Imbalances between forward purchases and actual energy 
consumed and corresponding balancing costs.
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Hour 1 2 3 4 5 6 7 8 9 10 11 12 Total

Load Forecast(MWh) 221 219 254 318 358 370 390 410 382 345 305 256 3828

Forward purchases (MWh) 221 219 254 318 358 370 390 410 382 345 305 256 3828

Average forward prices ($/ MWh) 24.70 24.50 27.50 35.20 40.70 42.40 45.50 48.60 44.20 38.80 33.40 27.70 

Cost of forward purchases ($) 5459 5366 6985 11194 14571 15688 17745 19926 16884 13386 10187 7091 144482 

Actual Loads (MWh) 203 203 259 328 413 401 415 450 377 355 331 268 4003

Imbalances ҍ муҍмс 5 10 55 31 25 40 ҍр 10 26 12 175

Spot Prices 20.30 25.40 30.30 37.50 69.70 75.40 70.10 102.30 81.40 63.70 46.90 28.90

Balancing Costs ($) ҍоср ҍплс152 375 3834 2337 1753 4092 ҍплт 637 1219 347 13568

Total hourly cost ($) 5094 4960 7137 11569 18405 18025 19498 24018 16477 14023 11406 7438 158050

Revenues ($) 7511 7511 9583 12136 15281 14837 15355 16650 13949 13135 12247 9916 1 14811

Profits 2417 2551 2446 567 ҍомнпҍомууҍ пмпоҍтосуҍнрнуҍууу841 2478 ҍффоф

These imbalances significantly increase the retailer's loss
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Plants that convert chemical energy into electrical 
energy by burning fossil fuels such as coal, oil, or 
natural gas.
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Supply and Demand 

21



The 
tǊƻŘǳŎŜǊΩǎ 
Perspective

22

Marginal, infra-ƳŀǊƎƛƴŀƭΣ ŜȄǘǊŀπƳŀǊƎƛƴŀƭ 
producers
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Supply curve forelectricity
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Supply anddemandfor electricity
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Price spikesbecauseof increaseddemand
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Price volatility in the balancingmechanism

Average wholesale baseload UK power prices by delivery date, £/MWh
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Price duration curve
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Supply curve forelectricity

ÅHow should a generator bid to 
maximizeits profit?

ÅIt dependson how much
competition it has!
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Market structure
Perfect and imperfect competition
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Market Structure



[ŜǘΩǎ ǊŜǾƛŜǿΗ
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Characteristics of markets that 
are perfectly competitive

ÅAll firms sell the same standardized product:
Åbuyers can switch from one seller to another to obtain a lower 

price.

ÅThe market has many buyers and sellers, each of which buys or sells 
only a small fraction of the total quantity exchanged. 
Åbuyers and sellers will be price takers.

ÅProductive resources are mobile. 
ÅIf a potential seller are able to obtain the labour, capital, and 

other productive resources necessary to enter that market. By 
the same token, sellers who are dissatisfied with the 
opportunities they confront in a given market are free to leave 
that market and employ their resources else where.

ÅBuyers and sellers are well informed.
Åbuyers and sellers are aware of the relevant opportunities 

available to them. 
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Perfectly competitive 
market
a market in which no 
individual supplier has 
significant influence
on the market price of 
the product
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IMPERFECT COMPETITION

Perfect competition 

An industry in which a
large number of firms
typicallysellproductsthat
are essentially perfect
substitutes for one
another.

Monopolistic competition 

An industry structure in which a
large number of rival firms sell
products that are close, but not
quite perfect, substitutes. Rival
products may be highly similar in
many respects, but there are
alwaysat least somefeaturesthat
differentiate one product from
another in the eyes of some
consumers.
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IMPERFECT COMPETITION

Perfect competition 

Chargeeven just slightly
more than the prevailing
market price for its
product, it would not sell
anyoutput at all

Monopolistic competition 

Canchargea slightly higher price
than they do and not lose all its
customers, because what it is
offering is not a perfect substitute
for thoseof its rivals
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Terminologies associated 
with monopolistic 
competition
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[ŜǘΩǎ ǘŀƭƪ ŀōƻǳǘ 
Oligopoly

The cost advantages associated with large 
size are one of the primary reasons for 
pure monopoly. Oligopoly is also typically 
a consequence of cost advantages that 
prevent small firms from being able to 
compete effectively. 

In some cases, oligopolists sell 
undifferentiated products.
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FIVE SOURCES OF MARKET 
POWER

ÅExclusive control over important inputs

ÅPatents and copyrights (Pharmaceutical companies)
ÅSet prices above marginal costs to recover the high research cost.

ÅProtected from competition for a period of time (~20 years).

ÅGovernment licenses or franchises

ÅEconomies of scale and natural monopolies

ÅNetwork economies (Microsoft's Windows operating 
system)
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Let's talk about 
Economies of Scale

39



Let's talk about 
Economies of Scale

40



ECONOMIES OF SCALE AND 
THE IMPORTANCE OF START-
UP COSTS

ÅCompanies whose production entails large 
fixed start-up costs and low variable costs, 
will be subject to significant economies of 
scale. 

ÅFixed costs don't increase as output 
increases, the average total cost of 
production for such goods will decline 
sharply as output increases.
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