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Basic motivation 1

» 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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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
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Our Idea: Find a Solution ”in Between” 1
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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
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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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Wholesale Market
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Step 1: Defining the Wholesale Supply and Demand Curves 1
» Let W denote the wholesale market and assume

WSUp : (0, OO) = [pmimpmax]
——
Volumes

WDem :(0,00) — [Pmin, Pmax]
» The respective inverse functions are thus
WSup ™" :[pmin; Pmax] +— (0,00)
WDem ™ :[pmin, Pmax] + (0, 00)
» The corresponding equilibrium reads

( oW, p") = {v, WSup(v) | WSup(v) = WDem(v),v > 0}
—_
Volume Price

Determining the Demand Elasticity in a Wholesale Electricity Market
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Step 2: Conjecturing the Internal Price of the Utility 1
» Suppose that the equilibrium price of the Utility is

Y =ag+ arp"

— the validity of the assumption can surely be criticized

» The volumes are thus split proportionally between a Retailer, Supplier
and Utility
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Step 3: Decomposing the Wholesale Supply and Demand Curves

» Wholesale supply and demand schedules of a Supplier and a Retailer
Wsup, ! (p) = ll[pmin,;DU)VVS'JIOA(P)

L0 ) (WSUPT2(0Y) + (1= 1) (WSup ™! (p) — Wsup~* (67) ) )

WDemal(p) e ]l(pU’pmax]WDemfl(p)

+ 1) (WDem ™ () + (1 = 61) (WDem ™" (p) — WDem ™' (p)) )

» Recall that wholesale and fundamental volumes of a Supplier and
Retailer are equal, i.e. WSupgl(p) = FSupgl(p) and
WDem; ! (p) = FDem; *(p)
» The schedules of the Utility WS are
WSupfl(p) = 1[(pprmax]'yl (WSupfl(p) — WSupfl(pU)>

WD) 1,0y (WD) )

Determining the Demand Elasticity in a Wholesale Electricity Market
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Step 4: Supply and Demand Curves of the Utility FM 1
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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 ™11 (p) = Ty, )1 (WDemT ! (pmin) — WDem( (1))

Pmin;P

+ L0 ] (C1WDeMT ! (rnin) + (1 = B1)WSup; (p))
FDem™11(p) = 1,7 .51 (WSUPT ! (prmax) — WSupy™ (1))

) (BIWSUDT (max) + (1 = a1)WDem; ! (p))

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

FSup™, (p) = 1y, pvy01 (WDem; " (punin) — WDem; ' (p))

LU ] (a1WDem;1(pmm) +(1— B1)WSupy! (p)) — min(r1,0)

FDem’ll(p) = ]l(pU

sPmax

]51 (Wsupfl(pmax) - WSup;l(p))

+ 1 U) (61W5up1_1(pmax) +(1- al)WDeml_l(p)> + max(71,0)
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Step 5: Deriving the Fundamental Model

» Combining the supply and demand scheules of the market participants
yields

FDem™* = FDemg1 + FDemf1

FSup ' = FSupg1 + FSupl_1

» Market clears at
(v",p™) = {(v, FSup(v)|FSup(v) = FDem(v)),v > 0}

— with v > oW and p¥ = 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

» v should be linearly dependent on the load values
» The optimization function can thus be defined as

n

argmin Q(s,0) where Q(s,0) = Z(loadi — 0 — 10" (8))?

S,0 =1

— where
» 0 = (ao,a1,v1,P1, 1, 1)
» ao and a; are the slope and intercept in the price equation of the Utility
» 71 and ¢, are the volumes of the Utility WM from the wholesale supply and
demand curves, respectively
» a1 and S are proportions in which upper and lower parts, respectively, of
the Utility WM curves are flipped

Determining the Demand Elasticity in a Wholesale Electricity Market
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The Obtained Results
» The model was applied to the EPEX market and the year 2017

» The obtained coefficients are

ao ai Y1 1 a1 b1
5.890*** | 0.963*** | 0.510"** | 0.984*** | 0.287*** | 0.019***

— significance levels are *=5%, **=1%, ***=0.1%
— the obtained values show that:
» ao,ai: the price pY is almost equal to the prices p* and p”
» 71: the wholesale supply curve is almost equally split between the Supplier
and the Utility
» ¢1: the Utility accumulates almost all purchase orders it can get
an: the upper parts of the Utility FM curves are rather elastic
» [1: the lower part of the demand curve of the Utility FM is almost perfectly
inelastic

v
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Fundamental Model on 2017-06-11 at 02:00:00
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The Obtained Equilibrium Volumes 1
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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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1

Non-linear Demand Elasticity Coefficients

» Remember that our demand curve is non-linear by assumption
— Elasticities are thus computed through the formula

Eh, = —L o is(p,h).
1 FDem ™ (p) sp.h)
» where
s(p.h) — FDem (FDem™'(p) + h) — FDem (FDem™*(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 1
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Figure: Point elasticities of demand E7,; at the point p*
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Concluding Remarks 1

» 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
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