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Basic motivation
▶ The shift to wind and solar power is accelerating

– sources of flexibility in power systems are needed

▶ Demand side management gains in importance
▶ Demand elasticity in the German electricity market is scarcely studied

– the shape and composition of the actual demand curve remain unknown
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Basic Motivation
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Figure: An example of a classical fundamental model with an inelastic demand curve
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Basic Motivation
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Figure: A wholesale market equilibrium on 2017-01-01 00:00:00 CET (left) vs. its
manipulated form with an inelastic demand curve as follows from [Coulon et al., 2014]
(right)
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A Toy Exmaple of an Electricity Market
-2
0

20
60

10
0

Retailer A

Quantity (MW)

Pr
ic
e
(E
U
R/
M
W
)

0 20 40 60
-2
0

20
60

10
0

Supplier A

Quantity (MW)

Pr
ic
e
(E
U
R/
M
W
)

0 20 40 60

-2
0

20
60

10
0

Utility A

Quantity (MW)

Pr
ic
e
(E
U
R/
M
W
)

0 20 40 60

-2
0

20
60

10
0

Utility WM

Quantity (MW)

Pr
ic
e
(E
U
R/
M
W
)

0 20 40 60

-2
0
0

20
40

60
80

Aggregated Supply and Demand

Quantity (MW)

Pr
ic
e
(E
U
R/
M
W
)

0 20 40 60 80 100

-2
0
0

20
40

60
80

Wholesale Market

Quantity (MW)

Pr
ic
e
(E
U
R/
M
W
)

0 20 40 60 80 100

Determining the Demand Elasticity in a Wholesale Electricity Market 6 / 22



Sergei Kulakov & Florian Ziel House of Energy Markets and Finance, University of Duisburg-Essen

Our Idea: Find a Solution ”in Between”
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Figure: A wholesale market equilibrium on 2017-01-01 00:00:00 CET (left plot) vs. its
manipulated form with an inelastic demand curve as follows from [Coulon et al., 2014]
(right plot)
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Our Approach
▶ Take the wholesale supply and demand curves
▶ Conjecture the internal equilibrium price of the Utility
▶ Decompose the wholesale supply and demand curves into individual
schedules of a Retailer, Supplier and Utility WM

▶ Reconstruct the initial supply and demand schedules of the Utility
using those of the Utility WM
– adjust one of the obtained curves to preserve the conjectured
equilibrium price

▶ Incorporate the obtained supply and demand schedules into a
fundamental model
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Our Approach: Toy Example
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Step 1: Defining the Wholesale Supply and Demand Curves
▶ LetW denote the wholesale market and assume

WSup : (0,∞)
´¹¹¹¹¹¸¹¹¹¹¹¹¶
Volumes

7→ [pmin, pmax]

WDem :(0,∞) 7→ [pmin, pmax]

▶ The respective inverse functions are thus

WSup−1 :[pmin, pmax] 7→ (0,∞)

WDem−1 :[pmin, pmax] 7→ (0,∞)

▶ The corresponding equilibrium reads

( vW
°
Volume

, pW

°
Price

) = {v,WSup(v) |WSup(v) =WDem(v), v > 0}
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Step 2: Conjecturing the Internal Price of the Utility
▶ Suppose that the equilibrium price of the Utility is

pU = a0 + a1p
W

– the validity of the assumption can surely be criticized

▶ The volumes are thus split proportionally between a Retailer, Supplier
and Utility

Determining the Demand Elasticity in a Wholesale Electricity Market 11 / 22



Sergei Kulakov & Florian Ziel House of Energy Markets and Finance, University of Duisburg-Essen

Step 3: Decomposing the Wholesale Supply and Demand Curves
▶ Wholesale supply and demand schedules of a Supplier and a Retailer

WSup−1
0 (p) = 1[pmin,pU )WSup

−1(p)

+ 1(pU ,pmax]

(
WSup−1(pU ) + (1− γ1)

(
WSup−1(p)−WSup−1(pU )

))
WDem−1

0 (p) = 1(pU ,pmax]WDem
−1(p)

+ 1[pmin,pU )

(
WDem−1(pU ) + (1− ϕ1)

(
WDem−1(p)−WDem−1(pU )

))
▶ Recall that wholesale and fundamental volumes of a Supplier and
Retailer are equal, i.e. WSup−1

0 (p) = FSup−1
0 (p) and

WDem−1
0 (p) = FDem−1

0 (p)

▶ The schedules of the Utility WS are
WSup−1

1 (p) = 1(pU ,pmax]γ1
(
WSup−1(p)−WSup−1(pU )

)
WDem−1

1 (p) = 1[pmin,pU )ϕ1

(
WDem−1(p)−WDem−1(pU )

)
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Step 4: Supply and Demand Curves of the Utility FM
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Figure: Converting the wholesale volumes of the Utility into the corresponding
fundametal volumes (toy example)
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Step 4: Supply and Demand Curves of the Utility FM
▶ The curves of the Utility WM are thus partially flipped to obtain the
Utility FM, i.e.

˜FSup−1
1(p) = 1[pmin,pU )α1

(
WDem−1

1 (pmin)−WDem−1
1 (p)

)
+ 1(pU ,pmax]

(
α1WDem−1

1 (pmin) + (1− β1)WSup−1
1 (p)

)
˜FDem−1

1(p) = 1(pU ,pmax]β1

(
WSup−1

1 (pmax)−WSup−1
1 (p)

)
+ 1[pmin,pU )

(
β1WSup−1

1 (pmax) + (1− α1)WDem−1
1 (p)

)
▶ Shifting one of these curves reconciles the prices of Utility WM and
Utility FM

FSup−1
1(p) = 1[pmin,pU )α1

(
WDem−1

1 (pmin)−WDem−1
1 (p)

)
+ 1(pU ,pmax]

(
α1WDem−1

1 (pmin) + (1− β1)WSup−1
1 (p)

)
− min(τ1, 0)

FDem−1
1(p) = 1(pU ,pmax]β1

(
WSup−1

1 (pmax)−WSup−1
1 (p)

)
+ 1[pmin,pU )

(
β1WSup−1

1 (pmax) + (1− α1)WDem−1
1 (p)

)
+ max(τ1, 0)
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Step 5: Deriving the Fundamental Model
▶ Combining the supply and demand scheules of the market participants
yields

FDem−1 = FDem−1
0 + FDem−1

1

FSup−1 = FSup−1
0 + FSup−1

1

▶ Market clears at

(vF , pF ) = {(v, FSup(v)|FSup(v) = FDem(v)), v > 0}

– with vF > vW and pF = pW
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Parameter Estimation
▶ Volumes in the wholesale market are not equal to the electricity load
since they do not
– incorporate volumes from other markets (OTC, intraday, EXAA, etc.)
– include import and export capacities

▶ vF should be linearly dependent on the load values
▶ The optimization function can thus be defined as

arg min
ς,θ

Q(ς, θ) where Q(ς, θ) =
n∑

i=1

(loadi − ς0 − ς1v
F (θ))2

– where
▶ θ = (a0, a1, γ1, ϕ1, α1, β1)
▶ a0 and a1 are the slope and intercept in the price equation of the Utility
▶ γ1 and ϕ1 are the volumes of the Utility WM from the wholesale supply and
demand curves, respectively

▶ α1 and β1 are proportions in which upper and lower parts, respectively, of
the Utility WM curves are flipped
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The Obtained Results
▶ The model was applied to the EPEX market and the year 2017
▶ The obtained coefficients are

a0 a1 γ1 ϕ1 α1 β1

5.890∗∗∗ 0.963∗∗∗ 0.510∗∗∗ 0.984∗∗∗ 0.287∗∗∗ 0.019∗∗∗

– significance levels are *=5%, **=1%, ***=0.1%
– the obtained values show that:

▶ a0, a1: the price pU is almost equal to the prices pW and pF

▶ γ1: the wholesale supply curve is almost equally split between the Supplier
and the Utility

▶ ϕ1: the Utility accumulates almost all purchase orders it can get
▶ α1: the upper parts of the Utility FM curves are rather elastic
▶ β1: the lower part of the demand curve of the Utility FM is almost perfectly
inelastic
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Fundamental Model on 2017-06-11 at 02:00:00
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The Obtained Equilibrium Volumes
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Figure: Fundamental Model volumes and the values suggested by the model in
[Coulon et al., 2014] vs. actual load values and the Wholesale Market values
for a two weeks sample from 08 June 2017 to 21 June 2017
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Non-linear Demand Elasticity Coefficients
▶ Remember that our demand curve is non-linear by assumption

– Elasticities are thus computed through the formula

Ep
F,i =

p

FDem−1(p)
· ls(p, h).

▶ where

ls(p, h) =
FDem

(
FDem−1(p) + h

)
− FDem

(
FDem−1(p)− h

)
2h

.

▶ The coefficients were calculated for pF ∈ {0, 20, 40, 60, 80} with
h = 100 MW
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Non-linear Demand Elasticity Coefficients
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Concluding Remarks
▶ The obtianed model allows us to

– derive the fundamental market structure from the wholesale market data
– approximate electricity load data well
– determine a more precise form of the demand curve
– compute non-linear elasticities of demand

Determining the Demand Elasticity in a Wholesale Electricity Market 22 / 22



Sergei Kulakov & Florian Ziel House of Energy Markets and Finance, University of Duisburg-Essen

Alberini, A., Gans, W., and Velez-Lopez, D. (2011).
Residential consumption of gas and electricity in the us: The role of prices and income.
Energy Economics, 33(5):870–881.

Bardazzi, R., Oropallo, F., and Pazienza, M. G. (2015).
Do manufacturing firms react to energy prices? evidence from italy.
Energy Economics, 49:168–181.

Bernstein, M. A. and Griffin, J. M. (2006).
Regional differences in the price-elasticity of demand for energy.
Citeseer.

Borenstein, S. (2009).
To what electricity price do consumers respond? residential demand elasticity under
increasing-block pricing.
Preliminary Draft April, 30:95.

Coulon, M., Jacobsson, C., and Ströjby, J. (2014).
Hourly resolution forward curves for power: Statistical modeling meets market fundamentals.

Fell, H., Li, S., and Paul, A. (2014).
A new look at residential electricity demand using household expenditure data.
International Journal of Industrial Organization, 33:37–47.

Knaut, A. and Paulus, S. (2016).
hen are consumers responding to electricity prices? an hourly pattern of demand elasticity.
Technical report.

Determining the Demand Elasticity in a Wholesale Electricity Market 22 / 22



Sergei Kulakov & Florian Ziel House of Energy Markets and Finance, University of Duisburg-Essen

Kondziella, H. and Bruckner, T. (2016).
Flexibility requirements of renewable energy based electricity systems–a review of research
results and methodologies.
Renewable and Sustainable Energy Reviews, 53:10–22.

Lijesen, M. G. (2007).
The real-time price elasticity of electricity.
Energy economics, 29(2):249–258.

Narayan, P. K. and Smyth, R. (2005).
The residential demand for electricity in australia: an application of the bounds testing
approach to cointegration.
Energy policy, 33(4):467–474.

Narayan, P. K., Smyth, R., and Prasad, A. (2007).
Electricity consumption in g7 countries: A panel cointegration analysis of residential demand
elasticities.
Energy policy, 35(9):4485–4494.

Paulus, M. and Borggrefe, F. (2011).
The potential of demand-side management in energy-intensive industries for electricity
markets in germany.
Applied Energy, 88(2):432–441.

Stötzer, M., Hauer, I., Richter, M., and Styczynski, Z. A. (2015).
Potential of demand side integration to maximize use of renewable energy sources in
germany.

Determining the Demand Elasticity in a Wholesale Electricity Market 22 / 22



Sergei Kulakov & Florian Ziel House of Energy Markets and Finance, University of Duisburg-Essen

Applied Energy, 146:344–352.

Taylor, T. N., Schwarz, P. M., and Cochell, J. E. (2005).
24/7 hourly response to electricity real-time pricing with up to eight summers of experience.
Journal of regulatory economics, 27(3):235–262.

Determining the Demand Elasticity in a Wholesale Electricity Market 22 / 22


	Table of Contents
	The model

