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Introduction
•What is a derivative?

– financial instrument
– its value is derived from the value of another
underlying asset

•What is a derivative for?
– to facilitate the “buying” and “selling” of risk

Presenter
Presentation Notes
A generic term to describe a wide variety of financial instruments ranging from standardized, exchange-listed products to custom-made, over-the-counter instruments whose values depend on, or are derived from, the price or value of one or more underlying assets.
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Introduction

100  Kg. of apples

2  $/Kg

If price < 2 $/Kg

Receive 100(2-p) 

If price > 2 $/Kg

Pay 100(p-2) 
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Introduction
• Derivatives as mechanisms to transfer risk

– Farmer
 Decrease the risk of having low prices
 Increase the risk of having high prices 

(thereby losing additional income)
–Fruit seller

 Decrease the risk of having high prices
 Increase the risk of having low prices 

(thereby paying more for the apples)
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Introduction
•Wide variety of derivatives

– rice derivatives traded since the eighteen 
century

– pork bellies, live cattle, sugar, wool, lumber, 
copper, aluminum, gold, and tin 

– financial assets include stock indices, currencies, 
and Treasury bonds

•Since restructuration of electricity markets
– electricity derivatives
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Introduction
•Types of derivatives

– Forward contracts
– Futures contracts
– Option contracts
– Swaps
– …
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Introduction
•Derivatives can be traded in two ways:

–Ex-change market:
 pre-defined and standardized contracts
 traded through a central authority
 free of the counterparty risk
 Required to pay a margin fee

–Over-the-counter (OTC): 
 contracts privately traded between 2 parties
 flexibility to design products
 significant counterparty risk
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Forward contracts
•Definition of forward/futures contract

–The quantity and quality of the commodity
–The date of delivery
–The price to be paid
–The date of payment following delivery

•Positions
–Long position: party buying the commodity
–Short position: party selling the commodity
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Forward contracts
•Forward vs. Futures 



12 DTU Electrical Engineering, Technical University of Denmark

Forward contracts
•How are they traded?

–Initial auction
 buy and sell offers are matched to obtain the 

settlement price 
–Continuous market

 each agent can see other agents' orders
 decide its own orders
 executed following a price-time criteria
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Forward contracts
• Trading
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Forward contracts
• Initial auction (EEX)
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Forward contracts
• Initial auction (EEX)
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Forward contracts
• Continuous trading (EEX)
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Forward contracts
•Continuous trading (EEX)
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Forward contracts
• Settlement price

– Determination of the settlement prices at 16:00
– Last traded price (on the exchange)

 Trading volume of at least 5 contracts
– Average of fair values (Chief trader procedure)

 Needs to be between best bid and best ask 
at the end of trading
 Free from arbitrage
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Forward contracts
• Daily settlement example

– Unit of 30 MW
– Expected pool price of 53.3 €/MWh in Sep10
– 30 contracts of the Base Month Sep10 for 53.3 
€/MWh in July 1st

– Expected revenue:
30MW x 24h/day x 30days x 53.3€/MWh=1155600€

– Average spot price 47.53 (Profit 1026648 €)
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Forward contracts
• Daily settlement
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Forward contracts
•Cascading
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Forward contracts
• Risk premium
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Forward contracts
• Risk premium

–Retailers are more risk averse → RP ↑
–Producers are more risk averse → RP ↓
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Forward contracts
•Risk premium (EEX)
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Forward contracts
•GenCo model

Futures market
(fixed price)

Pool market
(price risk)

Pool 
market

Futures 
market

?
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Forward contracts
•GenCo model

– Risk neutral (maximize expected profit)
 average spot > forward price → 100% spot
 average spot < forward price → 100% forward

– Risk averse (worried about getting low profits)
 not so clear



27 DTU Electrical Engineering, Technical University of Denmark

Forward contracts
•GenCo model

27

Futures market
(fixed price)

Pool market
(price risk)

Production unit
(availability risk)
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Forward contracts
•GenCo model

Time (h)

Pr
ic

e 
(e

ur
o/

M
W

h)

Unit forced
out

Pool price

Forward 
contract price



29 DTU Electrical Engineering, Technical University of Denmark

Forward contracts
• Example

Pool Forward contract
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Forward contracts
•GenCo model

– method: stochastic optimization
– uncertainty characterization: scenario tree

Time

Po
ol

 p
ric

e

Pool price scenarios Availability scenarios

ON

OFF

Time

ON

OFF

Time

•

•

•



31 DTU Electrical Engineering, Technical University of Denmark

Forward contracts
•GenCo model

Maximize CVaRα(profit)

subject to

Production cost of the units

Technical limits of the units

Energy balance

Risk constraints

Binary variable declarations

Profit of the power producer
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Forward contracts
•CVaR
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Forward contracts
•CVaR
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 Pool price scenario generation: ARIMA
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Scenario Reduction
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Scenario Reduction
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 Case study: data
 Study horizon of 8 weeks
 One generating unit (50 scen.)
 Pool price uncertainty (30 scen.)
 Final tree of 1500 scenarios
 Forward contracts
 Risk aversion parameter

 6 values: 0, 0.2, 0.5, 0.6, 0.7, 0.9 

Forward contracts
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Forward contracts
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Forward contracts
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Forward contracts
• EEX (base/peak week/month/quarter/year) web

http://www.eex.com/en/Market Data/Trading Data/Power/Phelix Futures | Derivatives�
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Forward contracts
• NordPool (base/peak week/month/quarter/year) 
web

http://www.nasdaqomxcommodities.com/trading/marketprices/�
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Electricity options
• Basic idea

Period 1 Period 2

Forward to sell electricity at    
p €/MWh during period 2 

Obligation to sell the agreed 
electricity at the agreed price
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Electricity options
• Basic idea
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Electricity options
• Basic idea

Put option to sell electricity at 
p €/MWh during period 2 (Δp) 

Period 1 Period 2
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Electricity options
• Basic idea

Option is exercised to hedge 
against low prices

Period 1 Period 2

Put option to sell electricity at 
p €/MWh during period 2 (Δp) 
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Electricity options
• Basic idea

Option is not exercised to obtain 
high profits

Period 1 Period 2

Put option to sell electricity at 
p €/MWh during period 2 (Δp) 
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Electricity options
• Basic idea
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Electricity options
• Basic idea

Option is not exercised to hedge 
against unit failures

Period 1 Period 2

Put option to sell electricity at 
p €/MWh during period 2 (Δp) 
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Electricity options
• Basic idea

Option is exercised

Period 1 Period 2

Put option to sell electricity at 
p €/MWh during period 2 (Δp) 
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Electricity options
• Definition
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Electricity options
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Electricity options

Scenario tree

Risk 
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Pool 
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Multi-stage 
stochastic 
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Electricity options
• Multi-stage stochastic programming
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Electricity options
• Example

Forward contract Option contract
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 Case study: put option
 Study horizon of 8 weeks
 One generating unit (30 scen.) 
 Pool (30 scen.) / Forward contracts (3 scen.)
 Final tree of 2700 scenarios
 Put contract (last four weeks)

 Strike price 21 €/MWh
 Option price 0,1 €/Mwh
 Power level 350 MW

 Risk aversion parameter 

Electricity options
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 Case study: put option

Electricity options
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 Case study: put option

Electricity options
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 Case study: put option

Electricity options
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Electricity options
• Case study: put option
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Electricity options
• EEX (web)

http://www.eex.com/en/Market Data/Trading Data/Power/Phelix Options | Derivatives�
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Conclusions

• Derivatives are defined as financial contracts whose 
value depends on the value of another asset.

• Two main types of derivatives:
– Future and forward contracts
– Options

• Derivatives contracts are use to transfer risk in 
exchange for a given premium or fee.
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Thanks
Questions?
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