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Definitions
Spot price is the current market price at which an asset is 
bought or sold for immediate payment and delivery. i.e. day-
ahead market for power market.

Bottleneck is a congestion point in an energy system that 
occurs when the capacity of this point is used at its fully 
capacity. This leads to different prices on the edges of the 
point. i.e. interconnection between Italy and Greece is used at 
maximum capacity, leads to different prices in the two systems.

Zone is a geographical area i.e. North Italy

Node is a point in an energy system, i.e. High Voltage 
Substation (to medium voltage) in Belgrade. 

There is a capability for nodal pricing instead of zonal 
pricing, namely the existence of different spot prices in nodal 
level instead of zonal level. The bottleneck is the node or zone 
respectively.
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Electricity interconnections in 
Balkans 
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Texas electricity market 
transformation
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Definitions

Market coupling is the price convergence among different 
markets, practically the distribution of energy flows between 
markets in order to converge their spot prices. 

A similar definition is that of market splitting, where the 
difference lies on the fact that in such case the market is 
operated by a single energy exchange (rather than several 
exchanges that use the same market algorithms)

Market splitting was used in Nordpool, for the integrated 
operation of Scandinavian power market. 

Market coupling is procedure adopted in Europe for creating 
an internal energy market in electricity and gas.
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Definitions

In market splitting we have one market operator (\or 
energy exchange) which determine the energy flows and 
energy transactions among different zones
• LAGIE for North and South system in Greece,
• Nordpool for Baltic – Nordic area.

In market coupling we have two operators (or energy 
exchanges) that determine the energy flows and energy 
transactions among different zones
• market coupling among Central Western Europe (CWE) 
and Baltic – Nordic area.
• market coupling among Greece Italy and Greece Bulgaria 
in the future

Implicit auction of the allocated transmission capacity is 
the way for the implementation of market coupling or market 
splitting.
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Definitions

Implicit and/or explicit auctions are used for the grid 
congestion management system 

Explicit auction is an auction of transmission rights at 
annual, monthly, daily basis, before the day-ahead market

Implicit auction is the capacity allocation in every 
interconnection simultaneously with the day-ahead market

Implicit auctions are preferable, as energy flows always
from the cheaper to the more expensive market

In explicit auctions it is noticed that for about 20% of the 
power flows in European markets takes place in not 
«rational» direction, namely from the expensive to the cheap 
market.
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Definitions

Market Operator - MO, operates the energy market (i.e. 
power), and has extended responsibilities to supplementary 
tasks i.e. LAGIE in Greece is responsible for the RES 
compensation and Guarantees of Origin

Energy or Power eXchange - EX or PX, solves the market 
and estimates the energy transactions i.e. European Energy 
eXchange – EEX, IBEX in Bulgaria, SEEPEX in Serbia

They are companies, that can be state owned or not

The markets they operate are:
• Day-ahead market
• Intra-day market)
• Forward markets and derivatives
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Ορισμοί
Clearing is the clearing of the market, in practice it is the 
determination of the quantities and amounts purchased or 
sold by each Market Participant

Settlement is the market settlement, in practice it is the 
delivery and payment of the relevant obligations

• Physical settlement = product delivery
• Financial settlement

Clearing House, i.e. European Clearing House – ECC
has the responsibilities of both clearing and settlement, 
issues the relevant invoices and additionally offers 
margining and financial risk coverage for market participants 
(guarantees for participation).
Payments are made at specific times, e.g. 20:00 CET for 
business days (TARGET2)
The ECC offers margin to the Market Participants in their 
transactions
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Market types
Power markets are differentiated:

Α. If the dispatch of power plants is done centrally or by 
each participant (eg ADMIE or PPC itself determines which 
PPC units will work)

B. To the extent of bilateral contracts

Central dispatch

Energy Exchanges: Nordpool, Australia, California (old 
design), Spain, Poland, Ontario

Mandatory Pools: Britain (until 2001), various markets in 
the USA, Greece, Chile, Alberta, Argentina, Columbia, 
Singapore

Self-dispatch

Bilateral contracts 100%: Britain (since 2001)

Bifurcated markets: NY, PJM 60% Self-scheduled – 40%
Dispatched voluntarily
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Basic Differences

Energy exchanges:

• Simple hourly orders (offers and declarations) of price 
and quantity

• Simple, common rules

• Voluntary basis 

Mandatory Pool:

• Complex offers (tecno-economic data) 

• Complicated algorithm flor the unit commitment

• It can be combined with co-optimization of power and 
ancillary services

• Mandatory participation
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Risk management in energy 
markets
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Financial products

What is the reason of existence of financial products and 
derivatives?

To hedge against changes in the spot market of 
the energy product and to risk management







Risk management for a producer

Copyright 2014, ECCO International, Inc.
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Financial products

How a financial contract operates?

A producer and retailer sign a financial contract for 1000 MWh 
for January in price of 50 €/MWh.

Scanrios:

• If the spot price is 52 €/MWh, then the producer pays the 
retailer 2 €/MWh

• If the spot price is 48 €/MWh, then the retailer pays the 
producer 2 €/MWh

• If the spot price is 50 €/MWh, then there is no extra 
transaction.

In fact a risk management of the spot market evolution has 
taken place, as its result does not affect their total 
transactions. Both the producer and retailer will sell/buy energy 
at the price of 50 €/MWh
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Financial products

In fact, a retailer when approached by a consumer suggests a 
sale price e.g. 52 € / MWh

Therefore, if the retailer is satisfied with a profit of 2 € / MWh, 
then if a financial contract with a producer is closed at 50 € / 
MWh he has zero risk from the spot market.

Therefore, the financial market is the market for long-term 
energy contracts.

The retailer will first look to close a financial contract with a 
producer!

Because of the financial contract the retailer can buy in the spot 
market without risk, otherwise the participation of the retailers in 
the spot market would be more limited.
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Financial products

For a retailer, risk management is needed for several cases:

1. A retailer without production plants wants a financial 
contract to operate without risk.

2. Vertically integrated company with its own production. 
The goal here is have similar production and consumption 
volumes, so as to by-pass the spot market.

3. Retailer that hedges risk through energy trading in 
interconnections.

Typically, retailers are a combination of the above.
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Financial products

A further option for the retailers is the transfer the risk to the 
final consumers.

• With clauses that are activated under certain market 
circumstances

– i.e. if spot market is above 50 €/MWh, the consumer pays the difference.

– i.e. if the cost from the wholesale market supplementary mechanisms 
(Capacity markets…) are above 10 €/MWh, ο καταναλωτής πληρώνει τη 
διαφορά.

This is not preferable, as the special clauses are not popular for 
the final consumers.

QUERY: do we need all these?

YES, because without competition among retailers in 
liberallized markets, the prices for the final consumers will not be 
decreased.
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Financial products

Similarly, producers need their own financial contracts to 
protect themselves from low spot market prices (which is very 
common now because of the penetration of reneables)

QUERY: And the spot market then what does it need?

It is necessary because it gives a price signal of the market on 
which the financial contracts are based!

And ultimately,  affect the formation of the retailers' contracts to 
final consumers.

The spot and the financial market are interdependent and 
interdependent!
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Financial products

What are the financial products that are offered?

The simple is to make a bilateral contract between producer 
and supplier (Over The Counter - OTC).

However, for the sake of transparency and better pricing,

Financial products are auctioned on energy exchanges (futures, 
forwards).

Products are structured on the basis of risk-hedging needs.

But they can not satisfy all the needs, for example if the retailer 
finds a customer with a specific consumption profile, it is 
extremely difficult to precisely provide the same financial 
derivative.
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Financial products

Also, the products must have liquidity, so practically few 
products are built.

They are usually distinguished based on the hours related to:

• Base-load products (eg 24 hours a day)

• Peak-load products (eg at times 19-21)

Their duration from the time of their auction:

• Days or weeks

• Quarterly, semester or yearly
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Financial products
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Financial products

In contradiction with the spot market, the auctioning of financial 
products is continuous trading, that is all the working hours of 
an energy exchange.

How does it work?

– A producer offers quantity and price for a product on the 
energy exchange, e.g. Nasdaq OMX (the Nordic financial 
exchange) at a price

– The retailer submits an offer (quantity and price) for this 
product and if it meets the price of the producer buying it.

– If the original offers of the producers and suppliers do not find 
an agreement, they adjust their bids until a match is 
reached
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Financial product

The producer has Ask position & the retailer Bid position
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Financial products

Tenders are distributed (descending for producers, ascending for 
retailers) and there is agreement for 12 MW at price of 37€ MWh.

In the right box, the remaining bids are shuffled after this 
transaction. Should a participant adjust its offer to make an 
agreement.



36

Financial products

A very important prerequisite for the orderly functioning of the 
financial product market is the existence of a reliable spot price.

The combination of a "reliable" spot market and a 
financial contract replaces a bilateral long-term 
contract.
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Risk management is evident in any case
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Case: Transformation of the 
Greek wholesale power market
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Greek wholesale power market

consists of two distinct markets:

• Long-term Capacity Market

• Short-term Wholesale Market for Energy and 
Ancillary Services, 

It also includes the acquisition of Physical Transmission 
Rights (PTR) - explicit auctions

to serve cross-border exchanges with all the 
interconnected countries: Italy, Albania, FYROM, Bulgaria 
and Turkey
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Greek wholesale power market



Daily Energy Scheduling

Source: ECCO, 2017



Supply and demand curve



Supply and demand curve



Producer settlement in day-ahead 
market

Incremental 
cost

Producer 
credit

DASQ = quantity in day-
ahead market

DAPMP= price in the day-
ahead market 

Pmin, P1-P10 = power 
(volume) steps of the power 

plants



Deviations

The energy that a producer has been asked to 
produce in the Day Ahead Schedule (DAS) of Day 
Ahead Market (DAM) may deviate from the actually 
measured for a number of reasons:

• Technical impossibility of a producer
• Producer gaming strategy
• To get an order to increase or decrease production 

from the TSO.
• Where the producers can comply
• or fail to comply (non-compliance charges)



Deviations settlement

Deviation 
producer 
charges

Incremental 
cost

DASQ = quantity in day-
ahead market

MQ = measured quantity
INST= Instruction by the 

TSO
TOL = Tolerance level

Pmin, P1-P10 = power steps 
of the power plants



Total debit/charge of a producer

Incremen
tal cost

DASQ = quantity in day-
ahead market

MQ = measured quantity
DAPMP= price in the day-

ahead market 
EXPIP= price in the ex-post 

market 
INST= Instruction by the 

TSO
TOL = Tolerance level

Pmin, P1-P10 = power steps 
of the power plants

Producer 
credit

Producer 
credit
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Integration of European electricity 
market – «target» model

The Greek electricity market, according to a RAE report in 2012, 
required changes, divided into three categories:

Design elements of the existing market that need to be 
restructured:

• Modifying Market Solution Algorithm / Offer Format

• Separation of Energy Market and Ancillary Services market

• Conversion of Short Term Interconnection Auctions to Implicit

• Create an Intraday Market

• Replacement or Removal of the Variable Cost Coverage 
Facility

• Adapt schedule to European Price Coupling (EPC)

• Assignment of Clearing House

• Modification of a Manually Set Maximum / Minimum Offer Price
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Integration of European electricity 
market – «target» model

Elements of the existing market structure that should be 
reconsidered:

• Market Participation / Physical Delivery Bilateral Contracts

• Balancing Market clearing

• Capacity market
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Integration of European electricity 
market – «target» model

Structural changes in the market through regulatory measures 
aimed at improving the competitive conditions and ensuring 
the system's adequacy and reliability:

• Third party access to energy resources, currently managed 
exclusively by PPC

• Withdrawal of old PPC units

• Conclusion of Capacity Availability Contracts (PPCs) between 
PPC and other participants, or the establishment of 
mechanisms for the exchange or auction of energy futures 
products

• Examination of the way RES is participating in the electricity 
market



51

Integration of European energy 
markets

Why does Europe want the integration of its energy markets?

The European Economic Area was created on 1/1/1994 and is 
based on free movement:

• Persons,

• Commodity/Goods,

• Services

• Capital

The European Union has a common market for all 
commodities, but not for electricity and gas.



A pan-European energy market
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Integration of European energy 
markets

How will integration into the electricity market?

• Common rules and timing for the solution of day-ahead and 
intraday markets (ACER, EUROPEX)

• Integration of Network Codes into national legislation 
(ACER, ENTSOE) on common rules for the management of 
energy systems and the functioning of balancing markets and 
allocation of interconnection capacity.

Practically the Target Model is one EU wide congestion 
management system
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Integration of European energy 
markets
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Ενοποίηση ευρωπαικών 
ενεργειακών αγορών
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Integration of European energy 
markets

The Project Price Coupling of Regions (PCR), supported by 
EUROPEX, aims to develop a common solution to the 
interconnection of energy markets with the following 3 
principles:

• An algorithm

• Decentralized governance

• Decentralized operation

EUPHEMIA: EU + Pan-European Hybrid Electricity Market 
Integration Algorithm

is the algorithm that implements market coupling









Simple Hourly Orders

Copyright 2014, ECCO International, Inc.



Complex Orders

Copyright 2014, ECCO International, Inc.



Block Orders

Copyright 2014, ECCO International, Inc.
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Intra-day market
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Intra-day market

Why is the intra-day electricity market useful?

Because they can happen:

• Faults (power outages) in production plants

• Change in wind forecast or sunshine

• Changes in demand (eg due to heatwave or change of 
production line of an industry

• Change to interconnections (eg failure on an interconnection, 
also for position correction when auctions are not implicit)











75€

80€
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Intra-day market

Why is the intra-day electricity market useful?

Because they can happen:

• Faults (power outages) in production plants

• Change in wind forecast or sunshine

• Changes in demand (eg due to heatwave or change of 
production line of an industry

• Change to interconnections (eg failure on an interconnection, 
also for position correction when auctions are not implicit)
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Balancing market
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Transmission System Operator (TSO) operates in real-time the power system so as 
production meets demand, otherwise we have local or total black-out

Total available 
capacity

Black out
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Balancing market

Why do we need the balancing market?

Balancing refers to the situation after markets have closed 
(gate closure) in which a TSO acts to ensure that demand is 
equal to supply, in and near real time.

Because actual energy production / consumption differs from the 
energy transactions from market mechanisms (day-ahead and 
intra-day markets):

• Different production (e.g., failure, non-compliance with 
distribution orders, we calculate it in imbalance settlement)

• Wrong forecasting wind or sunshine

• Different demand (eg due to a heat loss or change in an 
industry's production line, the deviation of actual consumption 
and the quantity cleared on the market from tolerance limits -
we calculate it in the clearance of discrepancies)

• Power flow differences in interconnections (eg failure)
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In this case, TSO 
inervenes among 

retailers, so balancing 
energy is a financial 

product
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In this case, extra 1MWh 
of energy (regulating 

energy) is needed for the 
TSO to balance the 

system. Som balancing 
energy has both financial 

(5MWh) and physical 
(1MWh) product.
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Practically the Distribution System Operators (DSOs) inform the Transmission 
System Operator (TSO), in order to estimate the total volumes of energy required 

to balance the system for every hour



78



79

In addition to determining the volume of balancing energy, an 
important issue is how this energy is priced.

There is a market where all Balancing Responsible Parties are 
involved, namely
• retailers
• producers,
• traders &
• large consumers.
and sign a relevant agreement with the TSO.

Submit offers for balancing energy
• upwards
• downwards
(ie more or less than what their futures / day-ahead / intraday 
market has determined to absorb/produce)

Retailers can act as coordinators of balancing groups.

Balancing energy



Balancing prices in Elia (Belgian TSO), in 
case of positive (POS) or negative 
deviations (NEG). The required volumes 
from Elia (positive of negative) is the NRV 
(Net Regulating Volume)
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Example of volumes and prices 
in Belgian system (Belpex και 

Elia)









Balancing prices in Elia (Belgian TSO), in 
case of positive (POS) or negative 
deviations (NEG). The required volumes 
from Elia (positive of negative) is the NRV 
(Net Regulating Volume)



Volumes and prices
The volume of Intraday transactions is very small 
compared to the Day-ahead Market (2-3%).

Intra-day prices are usually slightly higher than Day-ahead 
prices

The volume of transactions in the balancing market is again 
small but usually slightly higher than the Intraday market.

However, prices are most likely to fluctuate, especially at 
the times when the load and renewable energy forecasts 
have a large deviation. Therefore, a producer can enhance 
his profitability at these times.

In addition, the producer has an ancillary services market 
and a power market to enhance revenue.



Volumes and prices

Ancillary services for 2016 in Elia
Auctions are made in the previous month and concern the next 
month. However, the auctioned volume is determined on an annual 
basis.

Service Volume (MW) Price €/MWh

R1 Symmetric200 73,0 18,75

R2 Upward 140,0 8,28

R2 Downward 140,0 8,28

R3 Production 62,0 7,46

R3 DP
(demand/production)

8,0 4,83

The services are mainly for producers, but some of them also 
for consumers (demand-side flexibility).



Supplementary markets
The Transmission System Operator may also create a capacity market.
This market includes some of the following categories:
• capacity availability
• flexibility
• strategic reserves
• Demand-side response (interuptibility)
In Belgium, the results from the purchase of strategic reserves for the 
winter months (usually uncompetitive old units paid to be available in the 
critical months, and eventually their operating costs will also be paid).



Capacity Mechanism Reform
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Ancillary services
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Ancillary services

Αn important aspect of balancing is the approach to procuring 
ancillary services.

‘Ancillary services’ refers to a range of functions which TSOs 
contract so that they can guarantee system security. 

These include:
• black start capability (the ability to restart a grid following a 

blackout); 
• frequency response (to maintain system frequency with 

automatic and very fast responses); 
• fast reserve (which can provide additional energy when 

needed); 
• the provision of reactive power and various other services.
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Ancillary services

Ancillary services are the services required to transport 
electricity through the Transmission System from injection points 
to points of consumption and to ensure the quality of electricity 
supply to consumers.

The types of ancillary services are:

• Primary reserve

• Secondary reserve

• Tertiary spinning and non-spinning reserve

• Standing Reserve

• Voltage control

• Black-start capability

The first four are referred to as Ancillary Frequency and Active 
Power Services
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Ancillary services

Primary reserve

Frequency stabilization within 30 seconds of frequency 
disturbance

Secondary Reserve

Corrects Productivity and Consumption Deviations of a Control 
Box as well as Frequency Deviations of the System.

Uses centrally installed AGC, which adjusts the power output of 
the units between 10 seconds and 15 minutes from activation

The Tertiary Reserve is the power reserve of one unit between 
90 seconds and 15 minutes of a dispatch instruction
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Activation of reserves in AGC
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Activation of reserves for 
frequency control
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Activation of reserves
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New services

The penetration of RES creates the need for new services / markets.

Such as flexibility, which can be divided into 2 markets.

1. Be part of the capacity market, so flexibility is organized at the level 
of long-term planning.
This practically gives a price signal for the construction of flexible units, 
similar to how a market availability of power gives a signal for the need 
to build new units (just in the case of flexibility, these units must be 
flexible).

In this case, an auction is made for a minimum requirement of flexible 
power, depending on the estimated mix eg. the penetration of RES. The 
auction is organized at year level.
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New services

2. Be part of the day-to-day operation of the system by the Operator, 
so flexibility is similar to other ancillary services markets.

In this case, the Transmission System Operator determines flexibility 
requirements for each hour and day and a relevant auction is made for 
a minimum requirement of flexible power, depending on the estimated 
mix eg. the penetration of RES on that day. The auction is logically 
organized at day level.

A criterion for flexibility will be ramping capacity, that is, the rate at 
which a unit increases/decreases its output over a period of time. So it 
is estimated that this type of service will mainly be provided by large 
hydropower units (with a water storage reservoir) and natural gas units.



Estimated curves for Load, Solar and 
Wind generation for the California ISO 

for a specific date 27th March 2020



Estimated flexibility needs for the 
California ISO for a specific date 27th

March 2020



Evolution of net load and of the 
flexibility needs over the period 2013-

2020 for the California ISO



Real ramping need between times t and 
t + 5 minutes, source: California ISO



Evolution of estimated Flexible Ramping 
Capacity Requirements per month over the 

period 2016-2017 for the California ISO



Demand response and demand 
flexibility
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Demand response and demand flexibility

If a consumer has an intelligent consumption measurement 
and remote control system, he can participate in the real-time 
market by providing a number of benefits:

• Reduction of peak demand, and the need to invest in major 
infrastructure projects (Capital Expenditure)

• Smoothing / shedding of load demand, contributing to the 
stability and economy of the system

– Ideally, the load curve would eliminate the load peaks and limit the 
intermediate load level so that the total load resembles the base load.

In addition, energy savings lead to an reduction of total energy 
system costs (no regret options)



Demand Response and Demand flexibility



Demand Response and Demand flexibility

Even households can participate, in case of smart meters & flexible tariffs



Summary
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Conclusions

A contemporary energy (power) market consists of:

• Bilateral contracts

• Futures)
– OTCof in energy excange

• Day-ahead market

• Intra-day market

• Ancillary services market

• Balancing market

Prices in power markets are in €/MWh

Supplementary markets:

• Capacity market

– Flexibility

– Demand response
Prices in capacity markets are in €/MW
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Conclusions – simplified case

One power plant, for one hour, is required (directly or through a retailer) 
to sell energy into a consumer where the transaction is consumed
• on an energy exchange and / or,
• through a bilateral contract

The power plant, in the case of a bilateral contract, is paid for the energy 
it produces at the agreed price with the consumer / supplier.

In the case of an energy exchange, transactions and cash flows are done 
through clearing houses.

The consumer is charged with the regulated transmission system usage 
costs and any other regulated charges.
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Conclusions – simplified case

In practice, however, there may be deviations between 
scheduled and measured volumes.

That is why there exist different markets:
The intraday market allows the participants (producer, supplier, 
consumer) to correct their design (production / consumption)

The market for ancillary services is essential for the System 
Operator for the stability of the system

Similarly, the balancing market, which defines their deviations 
and prices to clear them.

Also, for reasons of system stability, attracting investment, 
tackling the problem of missing money, there may be a market for 
capacity availability and flexible power.
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