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Energy Brainpool‘s Clients and Models

Clients

Power and Carbon models (EU27)

Head Office

� Headquarter in Berlin
� 10 Employees 
� Clients in 11 nations
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Energy Brainpool – Three main activities

Short Term

�Liquid power markets

Forecasting 

Market Entrance
�Market observation

�Long term scenarios of 
power price 
development 

�Scenarios on power 
plant structure & 
dispatching over time

Analysis

Risk Management

�For traders with 
scenario tools

�For sales & purchasing 
with monitoring tools

Consulting

Medium Term

�Future market power

�EUA price modelling

�Emission Balance for NAP 
I & NAP II for EU 25

�Average power prices 
next year

Price Behaviour

�Analysis of historical 
price behaviour in 
combination with 
market transparency

�Bidding behaviour 
analysis 

Portfolio Management

�Purchase management

�Market observation

�Process implementation

Model development

�Support of internal 
model development

�German gas market

�Power demand

Long Term
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Agenda

A Modelling power prices

B EEG (Renewable Energy Law) and negative prices

C Modelling negative power prices
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German power prices and wind power feed-in
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European Power Exchange (EEX) spot prices –
one week in December
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EEX spot price power – one week in June
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Price analysis approaches

Fundamental 

Analysis

Marginal Cost 

Models
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Models

Technical 

Analysis

Chart Reading

MACD etc.
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Mean 

Reversion

further 
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Delphi Method

Fuzzy Logic

Neural 

Networks

Game Theory

Price Analysis

Hybrid Approach
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Fundamental modelling approach

� Rational bidding behavior

� Power plant dispatch for power prices above short term 
marginal generation costs (STMGC)

� STMGC: marginal costs of next dispatched unit

– Merit Order modelling approach: power plant capacities sorted 
according to STMGC

EUAPP

PE,PP

PE P
P

STMGC ⋅ε+
η

=

P: price; η: electric efficiency; ε: specific emission coefficient;
PE: primary energy; PP: power plant; EUA: EU allowance (CO2) 
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Modelling power plant dispatch

Power Demand

• regression analysis of 
daily average demand

• parameters: calendar 
and temperature data

• hourly load profile 
according to monthly 
day type

Merit Order 

• availability renewables

• power plant DB

• efficiencies according to 
year of construction

• STMGC according to 
commodity prices

Power Plant Dispatch

hourly power plant 
dispatch with according 
market clearing price
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Merit order without CO2 Price
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CO2 emissions of power plant technologies

Lignite Hard Coal GasCC Gas Oil

Electric efficiency 
[%]

0

30 %
38 %

55 %

30 %
38 %

Specific electrical 
emissions 
[t CO2/MWhel]

0,37

0,67

0,94

0,89

1,08

Specific thermal
emissions 
[t CO2/MWhth]

0,2

0,28

0,41

0,34

0,2

Nuclear/
Renewables
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Schematic merit order without CO2 price

Power Price 
P1

Wind & 
Hydro

LigniteNuclear Hard 
Coal

GasCC Gas/
Oil OC

Capacity

STMGC

[€/MWh]
Demand

Margin  
Nuclear

Margin  
Lignite

Margin  
Hard Coal



thorsten.lenck@energybrainpool.com November 12th, 2009

Schematic merit order including CO2 price

Power Price 
P2

Wind & 
Hydro

LigniteNuclear Hard 
Coal

GasCC Gas/
Oil OC

Capacity

STMGC

[€/MWh]
Demand

Margin  
Nuclear

Margin  
Lignite

CO2 costs
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Weather dependency of power prices

[€/MWh] Wind & Hydro Temperature sensitivity 
of load

Wind & 
Hydro

LigniteNuclear Hard 
Coal

Capacity

Min Power 
Price P1

Gas
CC

Gas/Oil 
OC

Max Power 
Price P2
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Influence of demand (introduction): one typical day 
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Hourly variation of power prices
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Linear regression

� Stochastic analysis of historical prices

� Movement of dependent variable (price) contains information 
of independent variables (calendar data, temperatures etc.)

� Least-squares analysis: deriving best fit by minimizing S:

jj ...xcxcxccp ε+++++= 3322110

p: price (dependent variable); ci: correlation coefficient; 
xi: independent variables; εj error term

∑
=

ε=
n

j

jS
1

2
S: sum of squared residuals
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Example of linear regression modelling approach

� Basis: mean reversion model

� Modelling a time-dependent mean:
– identifying seasonal and temperature dependencies

– influence of calendar data

� Examples of other influencing factors:
– wind and hydro power generation

– power price of neighbouring countries (e. g. France)

– availability of power plant capacities
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Finding the mean: Long term average temperatur

� Distinct long term average 

� Deviations from mean with periods of unusual cold and warm 
temperatures

� Distinct reversion to mean

� Significant influence on spot power prices 
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Linear regression of spot prices without wind
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Influence of wind power forecast
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Linear regression of prices considering wind power
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Agenda

A Modelling power prices

B EEG (Renewable Energy Law) and negative prices

C Modelling negative power prices
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October 4th, 2009: Extreme negative spot market prices

Minimum: -500.02 EUR/MWh from 2:00 to 3:00 am
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Three legislative steps to bring power from renewables into the 
commercial market

EEG share
2.047 ctEUR/kWh

of consumption (2010)
and

power grid charge

(for EEG-balancing
energy only)

none

EPEX spot market only
(price independent offers based on
forecast of EEG power generation
-3,000.00 EUR/MWh Spot Auction

down to 

-9,999.99 EUR/MWh Intraday)

from
January 1st, 2010
(actual planned)

∅ EEG tariff 
and

power grid charge per
kWh of consumption

EPEX spot market only
(price independent offers based on
forecast of EEG power generation
±3,000.00 EUR/MWh Spot Auction
±9,999.99 EUR/MWh Intraday)

municipalities as
monthly constant 

base load EEG-band

since
August 1st, 2009

∅ EEG tariff 
and

power grid charge per
kWh of consumption

OTC/EPEX
(not regulated, approx. 1/3 of 
residuals on EEX spot auction)

municipalities as
monthly constant 

base load EEG-band
until

July 31st, 2009

Refinancing
the EEG feed-in-tariff

Trading
residuals

Allocation of EEG electricity 
physically to …

Allocation of
EEG electricity

1

2

3

� Bringing EEG-electricity into the market offers economical stimuli to prepare
the market for competitive electricity from renewables.

EEG residuals

total EEG generation
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The new EEG-2009 allows to open the allocation mechanism

Core elementsEEG-2009

� EEG-2009 came into effect on January 
1st, 2009

� Regulation and substantiation of the 
‘Direktvermarktung’ (Regulations for  
selling electricity from renewables
temporarily without EEG tariff)

� Adjustment of  EEG tariffs

� Power to issue statutory instruments 
to develop the allocation mechanism, 
especially 

� the abolition of physical 
conduction (allocation) of 
generated electricity from 
renewables to the consumer
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Decree for further development of the nationwide allocation mechanism 
(Ausgleichsmechanismusverordnung – AusglMechV)

Core elementsAusglMechV

� starting January 1st, 2010 only financial 
allocation

� no physical vertical allocation from 
control area operators to utilities, 
instead:

� commercialisation of total EEG 
electricity on a power exchange

� published EEG-share in 
ctEUR/kWh of estimated 
consumption by October 15th valid 
and obligatory for the next year

� ‘EEG-Umlagekonto’ (EEG-share 
account) – managed by control 
area operators – buffers differences 
between the estimated EEG 
electricity and the actual generated 
EEG electricity
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Regulatory action from Federal Network Agency stipulates 
commercialisation of electricity from renewables subjected to EEG

Core elementsRegulatory action BK6-08-226

� Commercialisation of EEG electricity

� on the spot market of a power 
exchange (day-ahead auction 
and intraday market) only

� strictly based on generation 
forecast

� Price independent offers, i. e. 
±3,000.00 EUR/MWh in the spot 

auction and

±9,999.99 EUR/MWh for intraday 

trading
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The new EEG-2009 allocation mechanism 

EEG power plant

TSO

Industry with high
energy consumption

Power consumer

Municipality

vertical
allocation max. 0,05 ct/kWh

Direct commercialisation

Other ‘green’
power plant

Deposit

�return on EEG-power
sales

�EEG-share

�avoided
power grid charges

�interest rates

Withdrawal

�EEG-tariff

�amendment
a posteriori

�interest rates

EEG-share account

avoided power grid charges
income from interest /
interest spending

avoided power grid charges
income from interest /
interest spending

electricity subjected to EEG
other ‘green’ electricity
electricitywithout proof of origin

electricity subjected to EEG
other ‘green’ electricity
electricitywithout proof of origin
EEG-share
EEG-tariff
market price of electricity

EEG-share
EEG-tariff
market price of electricity

Power exchangeOTC market

EnBW Transportnetze

transpower

Amprion

VattenfallEurope
Transmission

horizontal
allocation

Control area operators

Bilateral trading

regulated
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Bid and ask curves at the spot auction
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Only a little ‘bid’ of 500 MWh less to -3,000 EUR/MWh
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Extensions of wind power plants influences the volatility of generated 
wind power and subsequently the (negative) prices at the power exchange
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Price analysis approaches

Fundamental 

Analysis

Marginal Cost 

Models

Full Cost 

Models

Technical 

Analysis

Chart Reading

MACD etc.

Stochastic 

Methods

Random Walk

Mean 

Reversion

further 

Methods

Delphi Method

Fuzzy Logic

Neural 

Networks

Game Theory

Price Analysis

Hybrid 
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Principles of hybrid approach

� Combination of fundamental and stochastic approaches

� Parts of the market are modelled by a modular fundamental 
approach to represent underlying factors

� Output of fundamental model modules is correlated with 
price information

� Non-linear behaviour is addressed by stochastic model 
modules
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Non-linear bidding behaviour in spot price auction
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Price spikes caused by non-linearity
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Improved model incorporating bidding behaviour
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� Contact

Energy Brainpool

Thorsten Lenck

Heylstr. 33 

10825 Berlin

Germany

Tel.: +49 / 30/ 76 76 54 10      Fax: +49/ 30/ 76 76 54 20

Email: thorsten.lenck@energybrainpool.com

www.energybrainpool.com

Energy Brainpool  
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Backup  
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The old EEG allocation mechanism (until 31.12.2009)

Physical and financial allocation
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EEG-residuals (e. g. : wind power)
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EEG-share simulation model

Parameters

� Planned EEG power plant 
extensions

� Spot market power price level

� Interest rates for EEG-share 
account

� EEG tariffs for electricity from 
renewables
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EEG-share account balance (1)
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Scenario 1: ∅∅∅∅ spot market price 2010: 52 EUR/MWh
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EEG-share account balance (2)

Scenario 2: ∅∅∅∅ spot market price 2010: 25 EUR/MWh
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EEG-share account balance (3)

Scenario 3: ∅∅∅∅ spot market price 2010: 80 EUR/MWh
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