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ABSTRACT

The German market has seen a plunge in wholeteddricity pricesfrom 200 until 2014
when basefuturesprices droppedy more than 4@ercent In this paperwe determine the
fundamental componenbf electricity futurespricesand quantify their impact on the price
dropas well as omperation margis Our methodology is based on a parsimonimasielin
which the supplystackis approximated by pieegse linear functionsA fundamentafutures
price estimateanthen be given by averaging ughe hourlyequilibrium pricesover the fu-
tures contract’s delivery period. It turns out that the parsimonious model is able to reptate
electricity futures priceand discover notinear dependencies in futures price formatidre
quantify which of the factors fuel pricesmission pricesrenewable feeth, conventional
generation capacitieand demandevelopmentsontributed mosto the observed price slide.
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INTRODUCTION

Capacity planning in competitive electricity markets is a challenging task especially when no
capacity markets are in place. Optimal decisions depend on directly observable factors such as
commodity prices and available power plant technologies, but alsaaertain and vague fu-

ture prospects such as political and sagonomic developments. German power plant oper-
ators have experienced this at their expense, since the large investment boom in the years
2006 to 2008 has been followed by a drop of whotesadrket prices by almost 4@rcent

The prices of Phelix Base YeButurescontracts for the year 2014 with delivery in Germany
was quoted a6l EUR/MWh at the end of 2007 addopped to almost 37 EUR/MWh by the

year 2013. By presuming efficient capitahrkets, all available information and market par-
ticipants’ expectations are included in the futures market prices. Frequently in the public and

political debate the futures price slide is attributed to the unexpected increase in renewable
generation dueot excessive subsidies. The impact of increasing production from renewable
energy sources (RES) on electricity market prices is discussed extensively in the academic lit-
erature. Among others %], [2] or [3] for the German market, ] for the Spanish Market

or [5] for the Danish Market. Yet most of these works focus rather on implications for spot
price pattern in general, without empirical verificatiof the theoretically derived results. Be-
sides the increasing RES, essentially origiddby the Renewable Energy Aet number of
political decisions are affecting the German energy market, notably the European Union
Emissions Trading System (EU ETS)tasished in2005 and the nuclear phaset The
mandated phaseut is aresultof decades of controversial public discussions and the events
aroundthe nuclear accidemt Fukushima in 20L1Another relevant development in light of
electricity price formtaon over the period from 2007 to 2013 in Germany are the increasing



efforts across Europe to advance international energy trading. The target is to harmonize Eu-
ropean electricity prices and reduce grid congestions by use of market coupling, eventually
flow-based.

The focus of the present paper is to investigate to what extent the unanticipated growth in re-
newable generation and other fundamental drivers explain the price drop in German electrici-
ty prices between 2007 and 2013. We thereby focus on eigcfuturesprices to abstract

from the stochastics of actual realizations of renewable infeed and demand. An appropriate
methodology for thigourposehas to provide accurate forecasts of electricity futures prices
based on market data and other publiclgilable information. A method thé&tinctionswith

only a parsimonious number of input parameters is favorable since it reduces the number of
assumptions regarding market expectations and keeps the results interpretable. At the same
time such a parsimonisumodel may be used for further purposes such astvejuderiva-

tives, including power plant assets treated as real options.

In this context, aelated steam of research is the analysis of risk premia in electricity futures
markets, e. g[6], [7], [8]. Analyses about risk premia usually dot explicitly focus on de-
livering price estimates but on reproducing and interpreting the price markups in futures pric-
es that are attributable to risk aversion of market participants. In this literature stream, the dif-
ference between fundamental pricéiraates and actual prices is interpreted as a risk premi-
um. Considering the huge price changes observed in the market over the last decade, the focus
of the present paper is rathmst on replicating these price changes as driven by fundamental
factors than on estimating risk premia which we believe to be an order of magnitude smaller
than the fundamental price changes.

Our modelng approach belongs to the general class of equilibrium models. We abstract from
behavioral aspects and aim to model the prasethe results of a market mechanism which in-
tercepts aggregate supply and demmmattions. Fundamental information, e. g. power plant
capacities, are incorporated to model the supply and demand side. The inclusion of such fun-
damental information is pactilarly advantageous when price developments over longer time
spans are investigated. Additionally theodelng of the supply curve accounts for Ron
linearities in the formation of energy prices, which is especially relevant for the German elec-
tricity market with its heterogeneous supply. Classical, so cakeameter-rich fundamental

models (cf. [9]) are based on a detailed representation of the supply stack and employ com-
plex optimization routines. E. §l0-12] presentapplicationsfor such model$o the German
electricity market but primarily focts on the identification ofstrategic behaor and price
mark-ups The major drawbacks of parametah fundamentamodelng approaches are a

high complexity as well as computational burden aigghificantdata requirements. In con-

trast our methodologyimsto avoid a detailed representation of the supplykséaa find a
reasonable approximation with only a parsimonious number of inputs and assumptions.
Among others[13] refer to models that with varying degree of detail and complexityex-

plicitly approximate the supply curve with the adjective ‘structural’. Usually fundamental
modelng approaches work with the assumption of companies bids being equal to the variable
costs of power production. The bid curve is then represented by the ordered costs of produc-
tion. In this senséhe termbid curve is synonymes to supply stack, supply curve or merit or-

der curve.

Within the class oftructural approaches used to forecast electricity prices, different repre-
sentations of the bid stack exist. One of the first exampldgjswho uses a fixed parametric
function. Later works consider dependencies oftlildestack e. g. on available capadityp]

andon fuel prices, includingemissioncoss [13, 16-19]. The inclusion of dep®lencies on
capacities anan fuel prices allow insights into the causal relations of electricity price for-
mation. The mentioned approaches for the bid stack usually utilize simplifying assumptions



e. g. constant heat rates per fuel tjj@, or[18] cluster the bids from each technology. The
authorsof the latterepresent the bid stack as an inverse cumulative distribution foreotio

link the parameters of different distributions to fuel prices. This procedure implies different
heat rates for different generating uritsthe market, e. g. older generation unjis3] pro-

pose to model the stack structure as a piecewise exponential function that allows to approxi-
mate the heterogeneity of generaéfficiencies per fuel type. This approach allows to ac-
counts for possible future changes in the order of the supply stack. The approach presented in
this paper uses an approximation of the supply curve by a piecewise linear function which can
be calibragéd based on weak assumptions on efficiencies per fuel type.

The contribution of the article at hand has ttiueemain dimensions: (IThe introduction of

a fundamentamodelng approach approximating the supply curve with piecewise linear seg-
ments thatvorks with parsimonious assumptions and inputs. (I) The use of this model in a
case study for Germartizat presumablyis the first systematic analysis of fundamental influ-
ences driving the drop in wholesale electricity markets prices between 2007 ahdCpd1

trarily to other recent worksve do not focus exclusively on the analysis of the impact of re-
newables but quantify the impact of several fundamental factors on the electricity price devel-
opment.(lll) Assessing theperation margis of generatiortechnologies, we additionally
identify the major misjudgments of companies during the 2006 to 2008 investment hype.

The article is structured as follows. Chapter 2 describesduelng approach and its math-
emati@l formulation Chapter 3describes thenput dataand the validation of the model.
Chapter 4 uses the model to azalthe drop in wholesale electricity prices in Germany and
discusses the results. Chapter 5 delivers a conclusion and an outlook to further research per-
spectives.

METHODOLOGY

Our modelng approach bases on the assumption of effidigntesmarkets in line with20].
Applying the martingale propertyalid under risk neutrality and thus neglecting tbhegible
impact of risk aversion we use expected spot prices to derive fundamental expectations on
futuresprices. More precisely, since electriciiyturescontracts are unconditional contracts

on electricity deliveries within a peridg until T,, thefuturesprice F, r, r, equasto the aver-

age of the expected spot pricgsover the same period under the informatioavailable at

time t. The actual market delivers prices for discrete (hourly) price intervals, as does our par-

simonious fundamental model. Hence our estimatéhie futures price is given by:
T;

1
Ferr, =5 Z E[Sr|1¢] 1)
2 1
T=T1
Future price changesanonly occur in that modeif the expected spot prices change. Price
volatility consequently only results from changed information and expectations. Differences
between expected and actual futures price may then be attributed to differences between ex-
pectations and realizations as e fundamental factors that are not included in the model,
e. g. fixed costs, or other factors like risk aversion, behavioral aspects et cetera

In the following the model of the electricity spot market is defined. In general terms, the spot
price of ekctricity S; at time period € T is a function of timevarying, uncertain fundamen-

tal factorsS; = f(xl-,t, Ki¢ Ly, ) such as prices of fuels and carbon emissipnavailable
generation capacitid§. , or the residual loatl,. Commonlystructural fundamental molkde

determine the market price as the equilibrium between supply and demand,4¢.og[13].
These approaches reflect the market mechanisms ofagersesubmitting bids to a central



market operator. The market operator aggregates the bids to a bid curve sorted in increasing
order. Intersecting the bid stack with the (residual) demand yields a fundamentally estimated
spot price of electricity for eadime period observed.

We model a number of conventional production technoldgis, such as lignite, coal, and

gas, which can be used to produce electricity by converting fuels into power. Each technology
has an associated fuel whose price is givew;b. Technologies are further defined by an
emission factog; representing their fuel’s carbon intensity and their thermal efficiency n;. In
addition, operation and maintenance costs are givep,by, for each technology. The vari-
ableproduction costs are calculated by the formula give)in (

¢ = i " “t Tooze + Ciother (2)
Ui

In order to account for differences in plant age, retrofitting activities, and other factors, we de-
fine the heat raténverse efficiency) of each technology as a linear function over the installed
capacities of this technology, i.6; € (M; min, Nimax)- 1he highest efficiency; ,q, repre-
sents the most efficient, statéthe-art generation plant whereas,,;,, reflects the least effi-
cient plant in the market. The production costs of each technology are thus described as a
rangec; € (C;min, Cimax)- FOllowing from the assumption of casased bids, the individual
bidding functionb; , for each technologyis then a monotonous piecewise linear function in-
creasing irs,. The capacity which is available to the market is the total installed capacity
K; totq: reduced by mustun capacityk; . cyp. The total capacity is adjustéy an availability
factorv; ¢, which is a relative measure for scheduled, e. g. maintenamd¢einscheduled un-
availabilities, e. g. outageblust-run capacities notablesultfrom combined heat and power
production(CHP). Due to heating demand corasiits, the operation of CHP units is at least
partly independent of market prices. This productiomdasequentlyalso subtracted from
demand.

Kit = Kitotar " Vit — Kit,cup ©)

For the bidding quantity; ; given spot prices, we then have:

0 ) St < Cimin
St — Cimin
bi,t(st) =1 Ki¢" _ » Cimin < St < Cimax (4)
imax Cimin
Ki,t ’ St > Cimax

The aggregated bidding functiénis the sum of the individual technologies’ bidding func-
tionsh;. The sum of continuous monotonous piecewise linear functions retains these proper-
ties, hence is likewise piecewise linear, continuous, and monotonous.

b =ibi (5)

While the bidding functions andb; describe a relation of offered capacity dependent on the
electricity price, the bid stadk gives the electricity spot price on a given demand. Thus we
define B as the inverse df. B is a monotonous piecesé linear function, however it is no
necessarily continuous.



B=b1 (6)

The residual load;, is the demand for electricity; reduced by fluctuating renewable energy
production of wind¥; and photovoltaic®;, powersupplied by mustun generatork cp

and the net import&'TB;: foreign trade balancelrluctuating renewable engrgourcedave
marginal production costs of zero. The electricity supplied by such sources is thus used with
priority and may be directly subtracted from demand. The same holds for CHPumw@st-
pacities, which are forced by heat demand restrictions to produwteacie. Their electricity
production is bid at minimum price to ensure its use independent of market conditions. Given
interconnections between electricity grids of different regions, imports and exports have to be
considered. Taking the foreign tradddveeFT B, as given, it is subtracted in EQ) (n order

to obtain the domestic electricity demand that has to be producedmottedd region.

D= L —W;— P+ FTB; — Z Kit.cup (7)

For practical applications, theet imports have to be estimated as a function of exogenous
guantities like renewable infeed and demand, in order to allow application of the model out-
side historical spot prices. The approach applied here is detailed in the subtbafder
Subsequentlyhie electricity spot price at time t is then given by the marginal costs at the in-
tersect between supply and dem&pe= B(D;).

The piecewise linear bid stack described above can be used to fletiner properties of
electricity prices The bid stack consist of a number of segments M. Due to the mono-
tonicity of the bid stack, each segment is defined by an electricity pniszval
(Smmin» Smmax) @nd a corresponding load inter{@,, min, Dinmax)- This relationship is bi-
jective, making the segments disjoint in demand and price. For the analysis of futures prices,
we define the absolute frequenidy,, which epresents the number of times T at which

loadD; falls into a certain demand inter@, ;min, Dmmax ). Dividing Hy,, by T yields the
relative frequency,,,

1
hm = TZ 1Dt6(Dm,min'Dm,max) (8)
t

For each segment, one or several of the technologie€ I aresetting the pricef their
marginal production costs fall into the interval’s price range. This is the case if and only

if (Smmins Smmax) S (Cimins Cimax)- We definel,, as the subset of technologiesvhich are
price-setting inm. The property implies that when the production costs of such a technology
change, so does the price range of segmerif more than one technology is setting the
price, the impact is dividedybtheir numbetl,,|. n; ,, corresponds to the mean efficiency of
technologyi in segmentn. With these definitions, the electricityturespriceF; r, r, appear

as follows.
Xi T & " Xco2 ey,
FtT1T2 = E Z Z( ( l l +Ci,other> ' |] | (9)
l,m m

meM i€l




APPLICATION

Data

For reliable simulation results, the model requires accurate and consistent input data. The data
for the developed model is collected from the sources indicated in Table 1. The Table also
providesan overview how the expectations for future years are determined.

Tablel. Data sources

Data Source Specification Expectations
Load entsoe.eu Hourly load values  Adjusted historic Profile
Demand iea.org/statistics Energy Supplied Extrapolation
Electricity Price energate.de Phelix Futures Base Correspondinduturesprice
Coal Price dito API#2 (CIF ARA) dito orlast quoted product
CO, . EU Allowances .

dito (EUA) dito
Gas price dito GasTTF dito
Wind and Solar eextransparency.com Ex-ante production  Profiles, Netztransparenz.d
Unavailability’s dito Non-usability Extrapolation
ICZ:II;)OV?/S Boardei transparency.entsoe.e Commercial Schedule Regression analysis
Capacities bmwi.de Production capacities BMU Leitstudie
CHP production dito Electricity production Extrapolde historic pattern

The expectations farommodity price are based on the relevdaoturesproducts for the Ger-

man market, e. g. API#2 for coal or TTF for gas and equals to the average of the contract
prices observed in the last three month (previous quarter), e. g. the price expectation for 2008
corresponds to the average of the API#22648 prices betweetth of October 2007 and

31th of December 2007The corresponding yearly aggregated dativen inTable2.

Table2. Input data overview (*MeaRrontyearprices)
Information basis Actual Actual Q4-2007 Q42007 Q42012 Q42013

Expectations for: 2008 2013 2008 2014 2013 2014 Unit
Demand 6135 5826 6206 6438 5972  603.7 _ TWh
Solar 47 303 2.9 5.9 34.5 36.6  TWh
Wind 373 485 358 53.9 53.0 56.3  TWh
Coal Price 8.91* 14.14* 11,18 10,19 14,01 8,70  €/IMWh
Gas Price 16.26* 27.48* 2574 27,31 29,80 29,37 €/MWh
EAU 19.58* 7.94* 2241 24,92 7,65 4,90 élt

Table 3 shows he expectations concerning tb@pacities andthe technical parameters used

for the approximationof the bid stack. Due to significant differences in the efficiencies of
gasfired power plants we distinguish opegcle (OC) and combinedycle gas (CC) power
plants.The capacities are adjusted to account for planned and unschaedmeshbility of
conventional power plants. Based on his@rimon-usability dataavailability factos for the

major conventional power plants are calculated as quotient between unavailable and installed
capacitieg21]. The availabilities show yearly, weekly and daily cycles. The expected non

! Myopic expectations have also been tested but do not affect the results strongly.
2 To find longer term expectations and overcome the data limitations for contracts far away from deliver time,
we took the first (up to 10) days from the following year ggraximation for the expectations.
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availabilities are created by extrapolating those cycles from historical data (see Appendix,
Figurel).

Table3. Actual and expected Capacities in GW and Technical Parameters

Information basis ~ Actual Actual Q42007 Q42007 Q42012 Q42013 Min Max 2‘/]‘;;';;/
Expectations for: 2008 2013 2008 2014 2013 2014 n, n,

h
Runof-river hydro 5.4 5.6 4.8 5.0 5.7 5.6 - - 0
Biomass 3.9 6.4 3.4 5.2 6.2 6.4 - - 0
Nucleaf 21.6 12.1 215 12.7 12.7 121 33% 36% 0.50
Lignite 22.4 23.1 22.7 21.5 24.2 23.1 29% 43% 2.00
Coal 29.6 29.2 311 29.5 29.8 29.2 32% 46% 2.50
PSHP* 4.7 4.7 4.7 4.7 4.7 4.7 75% 80% 0.40
Gas (CC) 18.2 22.2 20.1 26.0 21.8 22.2 40% 60% 1.20
Gas (0OC) 4.6 4.6 51 51 4.6 4.6 25% 36% 1.20
Oil 54 2.9 4.1 4.1 4.2 2.9 24% 44% 1.20
Miscellaneou® 5.6 7.6 3.1 3.3 6.6 7.6 - - -
Sum 121.3 118.3 120.6 117.1 120.4 118.3 - - -

The yearly electricity production frommust-run CHP is distributed over the year based on
typical average heatingegree profile, since mustin CHP production is largely driven by
heating demandvhich in turn is temperatwdependenf21].

The hourly load values are the average absorbed energy from installations connected to the
distribution and transmission grid. Those values do not represent the overall demand, e. g.
“(...) industry's own production for own consumption and some parts of German railways are

not included (...) as well as grid losses” [22]. Physical fundamentals rege the consumption

and grid losse$o be equal to the electricity production at any point in time. Therefore the
hourly load values are scaled to the electricity produced per month according to IEA statistics.
The scaling is partly additive to representbase load consumption from e. g. self
consumption of industry and partly quadratic for the amount of grid l&%&ssunder the as-
sumption of adaptive expectation formation, the expectations &liore demand may be de-

rived from historical data as follvs: We calculate the average growth rate from the yearly
IEA data of the previous three years (E#)). This growth rate is used to extrapolate the cur-
rent annual demand to a future value, which is then used to calibrate a historical load profile.
Historical hourly profiles are also used for tle@ewable feed-in from wind and solar power
generation facilities. The annual quantities for the expected wind and solar power production
are taken from the midterm forecasfshe German TSOs (cf. from s@ablel). The use of
historical hourly profiles allows to capture the skHerm variations in load and feda with-

out setting up detailed stochastic modélsis is obviously only valid if the higtrical profile

3For 2007, the capacity expectations reflect the state of information after the first nucleaoythdseision

from 2002. They do not reflect market actors potentially anticipating the 2010 decision to extend nawtear p
lifetimes. By 2012/2013, the events around the Fukushima accident had led to a repeal of the lifetime extension
and an accelerated nuclear phasg which is reflected in the expectations.

“Pumpedstorage hydro plants are modeled as generation tieghnahich is fuelled at the variable costs of coal
plants (lower) and open cycle gas (upper bound). Thus the opportunity costs of pumping and turbine are based
on the implicit assumption that pump storages are partly filled during times where diffeseribad plants are

price settingWe alsoabstract from modeling reserveaind assume dispatch to be driven by market prices.
SMiscellaneous capacity includesulti-fuel fired plants that cannot be assigned unambiguously to one fuel type

(e. g. mix of oil and coal), waste asthall proportion®f marsh gas, landfill gasewageand other fossil plants.

The fuel prices for Miscellaneous are assumed to equal the meamfpriceal, gasand oil power plants.

Liea_ZT_ L{-"MSOL’_Giea Giea 2 . i
6L, = LE"s0e + =1 5+ LE'S°¢°(G: Grid lossesL: Demand+ D residual Demanyd

T T entsoe
Yi=1Li



provides a representative sample. Since the historical sample consists of 8760 hourly values,
this shouldgenerally behe case.

To the best of our knowledge no leteym expectations fotross-border trading activities

are available. From market perspective, cro®rder trading depends on the price level dif-
ference between the respective countries. Since our analysis aims to forecast prices, cross
border trading cannot be based on electricity price expectations. Therefore we employ a re-
gression analysis in order to derive expectations about cross border flows from German mar-
ket fundamentals. Higher exports are expected during times of high renewabie, fleed
demand and/or high base load plant availabilities in the exporting county:

FTB; = Bo + B1Lt + B2Py + B3W; + By iignite + Bsv ?udear + 1 (10)

The multiple regression analysis identifies significant influences from Winend solar in
feedP;, load levelL; andtheavailability of base load plantswuclear and lignite v, .

Table4. Regression results for Foreign Trade Balance bas@atanfrom201213’

Bo Intercept -15814.188**  Multiple correlation codf 0.718
B: Demand [MW] -0.087*** R-squared 0.5156
B, Solar [MW] 0.348*** Adjusted Rsquared 0.5154
B3 Wind [MW] 0.366*** S.D. dependent var 2500.8419
B4 Available Lignite [%)] 142.466*** Observations 17544

Bs Available Nuclear [%]  105.014***

R-squared determines the explained variancEDB by the regression equation.

The multiple correlation coefficieris equalto the square root of-Bquared, thus the correlation betwe&rB
andthelinear regression estimates that includesntercepfs, + ;L + -, see Eqg. (10)

Significances are computed using standard errors obtained through the-Wesegrocedure

Significances at the 0.01 level are labeled with (***), 0.05 level with (**) and 0.1 level with (*).

Model Validation

In the first step the model is validated to ensure ttietesults from the model are capable to
replicate observed futusgrices. Therefore we run the model for historic years based on in-
formation (expectations) from different years and compare thégesgiih the actual Phelix
Base Load-utureprices for the corresponding produ€able5 sums ugthe results.

Table5. Annud base price estimates using the fundamental modedetndlfuturesprices

Information basis Q4 2007 Q4 2007 Q4 2012 Q4 2013

Expectations for: 2008 2014 2013 2014

Fund Price 61.28 63.42 46.84 36.13 EUR/MWh
Phelix Base Future 60.05 61.30 4655 3764 EUR/MWh

In absolute terms, the fundamental model is able to replicate the observed market prices, im-
plying that expectations about fundamental factors drive electfidityesprices to a large
extend. Except the frofyiear contract 2014 all simulatgulices exceed the historical values

by 1-2 Euros® An assessment of the input data shows a sharp drop in fuel prices which may
not have been fully reflected in electricity prices. Additionally the expectations concerning the

" Due to data availability reasons, tlegression analysis is basedaross border flows from 201intil 2013
8 Results for additional years irrelevant for the following analyses are not stated in the table but lie on similar
levels between 1 and 2 EUR/MWh absolute difference between thevetbsard predicted prices.
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annual electricity demand 20h4e considerably lower in 2013 compared to earlier years. As
described irthe previous chaptemeasures for the load data are subject to statistical inaccu-
racy and load is typically difficult to predict. At the same time the expected electricity de-
mandhas a considerable impact on market prices. Therefore we compute a sensitivity of the
fundamental prices with respect to changed ragsions on demand expectatiomased on

data from 1990 until 2013, the yeainead uncertainty in annual electricity demandalcu-

lated as the standard deviation of the differenesveenyearahead expected and actual de-
mand.This demand uncertainty is found to be approximately 2.5 percent of annual demand
which is similar e.g. to the results [23]. Table6 reportstwo sensitivity runs withdemand
expectationsnodified by one standard deviation of the forecast error (i.e. 2.5 percent) up and
down. This leads to price variations in the order ef2HEUR/MWh. Hence the fundamental
modé is able to replicate the observaduresprices up to the uncertainty range caused by
demand uncertainty.

Table6. Base price expectations under varying electricity demand expectations

Information basis Q4 2007 Q4 2007 Q4 2012 Q4 2013
Expectations for: 2008 2014 2013 2014
Fund Price low demand 59.50 61.58 45.40 34.14 EUR/MWh
Fund Price higldemand 63.33 65.51 48.27 38.18 EUR/MWh
CASE STUDY
Results

Our investigation of the German electricftyturesprices from 20070 2014 aims to explain

the price drop by use of the previously introduced fundamental bid stack model. Therefore we
investigate a number of fundamental factors and determine their contribution to the price
drop. To do so, we use the market expectations #0687 and successively update each fac-

tor separately tthe value ofts 2013 expectation. In that way we can identify how each factor
influences the base price level under ceteris paribus condiliabke7 shows the results

Table7: Results of the price plunge investigation

Year 2014  Absolute Change  Relative Change
Phelix Base Futures in Q4 2007 61,30
Fundamental PricéExpt. Q4 2007) 63,42
Updated Expectations to Q4 2013
Load 59,19 -4,23 -6.70%
RES 60,39 -3,03 -4.80%
Fuel Prices 60,63 -2,79 -4.40%
EUA Price 49,16 -14,26 -22.50%
Capacities 63,89 +0,47 0.70%
All = Fund. Price (with Expt. Q4 20)3 36,13 -27,29 -43.00%
Phelix Base Futures in Q4 2013 37,64 -23,66 -38.60%

Based on expectations from Q4 2007, our model yields an expectefud@b$base price of

63.42 EUR/MWh, while our model predicts a fundamental price of 36.13 EUR/MWh based
on expectation from Q4 2013. This represents a fundamental price reduction by 27.29
EUR/MWh. In contrast the actual observable reduction in th@hd futurs price equals



23.66 EUR/MWh. Thus thenodelpredictions exceed the actual price drop by aboytets

cent Given the longime to maturityfor the initial price expectations and the number of sim-
plificationsthis remainsa remarkable accuracy.

To derive the impact of expectation changessegaratelyipdate the following fundamental
factors: demand, renewable infeed, fuel prices except emissions, carbon certificates, and con-
ventional capacities. These factors together represent all the expectat the demand and

the supply side included in the fundamental model. The results indicate that the change in
price of carbon emissions has the largest impact, as it reduces the eldotucggbase price

by 14.24 EUR/MWh. The second and thirdgest impacts come from demand and renewable
infeed, adding up to a combined effect of 7.26 EUR/MWh. Fuel price developments except
carbon contribute 2.79 EUR/MWh, while changed expectations regarding conventional ca-
pacities actually induce a slightly highelectricity price- this is at least partly due to the re-
vised German nuclear phaget after the Fukushima catastrophe. The sum of these individual
impacts is 23.84 EUR/MWh. This number is lower than the combined impact of 27.29
EUR/MWh when all factorare updated simultaneously to the new information bahis.re-

sult implies the presence nbnlinear superposition effects, notably between the drop in re-
sidual demad and the drop in carbon pricéghe former makes hard coal and lignite more
frequenty the marginal fuel while the latter affects particularly the variable costs of these
technologies.

In addition to the development in power prices, the impact of these developmentpmi-the
itability of conventional generators is also of interestin paticular for an expost assessment

of the investment decisions taken in the 2006 to 2008 pdxothbly an investor is not af-
fected by a plunge in electricity prices if his input factor costs are simultaneously reduced and
the operation margin of the powglant remains unaffected. We therefore investigate the de-
velopment of the operation margins of the modeled technologies. We disregard again re-
strictions regarding ramping and other operating constraints in line with the assumptions of
the parsimonious pré modef Since the focus is on new investments, we consider for each
technology the plants with maximum efficiency. The results are giv&abie8.

Table8. Results for expected operation margins (OP) for the year(@@ttpower planis

Tech Type OP [€/MW)] Reduction 2007-2013 [%0]

20072008 | Total Load RES Capacities EUA Fuel_nonEUA
Nuclear 498.122 -48%  -T% -5% -5% -25% 1%
Lignite 190.621 -31%  -15% -11% -10% 15% 2%
Hard Coal 115.751 44%  -21%  -15% -14% 3% 18%
Gas (CC) 34.488 -86% -38% -29% -25% -25% -4%
Gas (OC) 247 -100% -95%  -63% -79% -42% -14%

The operation margins in 2007 decrease from bas@eakload technologies as expected,

given that capital expenditures are higher for base technologies. Nuclear and lignite power
plants are able to earn respectablefigiare operating margins per MW, whilGas (OC) rare-

ly operates even under these comparatively high electricity prices. By 2013, the margins of all
technologies drop by 31 to 100 percent.

The analysis of the impact from single factors (information updates) shows differences be-
tween the impet on profitability and on electricity prices. The drop in carbon prices from

9 Without doubt, the operating constraints reduce the achievable operating margins, but their impact should not
vary extremely over the time span considergithce increasedenewable feeth makes the residual demand
more volatie, the impact of operating constraints on profitabiigs mordikely increased than decreased.
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2007 to 2013 actually increases profitability for emissidensive lignite plants significantly.

Hard coal additionally profits from a price slide on the steam coal marketr OG#se load

plants, notably nuclear and lignite, slightly gain from increased gas prices. Here the funda-
mental model highlights how their production spread benefits from gas price increases when-
ever gadired plants are the priegetting technology. Theedelopments regarding residual
demand, i.e. decreased load and increased renewable infeed expectations, hurt all plants sig-
nificantly. The effect is larger for micand peaload plants, who are pushed out of the supply
stack in some hours of the year blavis known as the meiwrder effecf2]. Similarly, the

addition of base load generation capacities between the simulated years (despite the accelerat-
ed nuclear phase out) decreases profits for all plantsodoeering effecs on electricity base

prices. Comparing the total effects withe sum of the single factor impacts indicates that
there are strong neimear effects affecting the operation margins. E.g. hard coal plants lose

44 percentof theiroperation margis when all effects are considered simultaneously, whereas

the (hypothécal) sum ofindividual effects adds up to mind® percent This is especially

due to thesuperadditive of the quantity effects of load, RES and capacity changedaé\ll
torsindividually reduce the hours where expensive technologies3dse(OC)set the prices.

Taken together, hardly any hours with high prices remairopecatingmargins collapse.

Discussion

The analysis of the drop in German electricity biaseresprices indicates a strong influence

of fundamental factordWVith our parsimonias fundamental model, we are able to replicate
the changes in expectations observed in the futures maHestnvestigation of the individual
fundamental factors indicates different levels of impattile the sum of the single impacts is
lower than theicombined effect. This impliesuperadditiverelationship which may be at-
tributable to the notinear structure of the bid stack. Depending on the residual load level, the
price-setting technology may change, and hence a shift in a certain fuel’s price can have a
large, small, or nomxistent impact on electricity prices. The same argument with a somewhat
different twist holds for changes regarding load and RES-ifeedhose price impact espe-
cially depend on the change in probabilities for residual lmeidg located in steep parts of
the bid stack.

Contrarily to previous works, (e. §£] or [3]), who focus solely on the integration of RES,
our results indicate that while RES play an important ithiey are not the largedtiver of
falling electricity prices in Germarmhe modelesults show that emission prices are quantita-
tively the most important driver of the futures electricity price in Germany between 2007 and
2013. This can be explained by the fact that emission prices impact the production costs of
most conventional poweilants, which results in changes of the supply stack’s shape in most
intervals.Recently[24] quantified thempacton electriaty prices in Germany between 2006
and 2010 if neemission trading system or renewable energy support schemes were in place.
The authors rather focus on the quantity reduction of emissions then on price effects and
found a positive interaction effect fdie German electricity market between higher RES in-
jection and lower CO2 Emissiona.valid question in this context is whether the measurable
impact ofemissionprices on electricity priceG@s found in the present work)ay interact

with RES additions, amvestigated bye. g[1], [25] or [26]. Their analysis into the interac-
tions between RES support and engasirading supports the argument that additional RES
feedin substitutes electricity from fossil fuels and thus reduces the demaathissioncer-
tificates, which in turn leads to decreasergissionprices.Bases on a scenario analysis in an
simulation mode[25] state a likely significant effects from RES deployment an Allowance
prices for the EU 12 Memberates. The authors found a maximum reduction of emission
prices due to RES injectian 2007 by 15 EUR/C®up to 100 EUR/MC®in 2010.In an ex

post analysig26] try to explain the price decline of EU allowances from 30 EUR#t®O
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2008 to less than 5 EUR/AG@ 2013. Their key result is that 90 percent of the emission
price variation remains unexplained. The extent to wiR@5 deployment reinforces the
emission prices plunge is empirically limited by around 2.3 percent of the total price varia-
tion. In contrast to simulation based investigations of interaction effects between RES feed
and emission prices the empirical gast analysismplicate only moderate influenctn line

with the latter results wieelieve thaRES capacity additions in Germaase from minor im-
portance foremissionprices concluding that the measurable effects from,@ind in this

paper are not altered by the mentioned interaction effects between RES additions and emis-
sion prices.

Compared the previously discussed factors, changes in the capacities of conventional power
plants are of minor importance for the dropelectricity base prices. The reinforced linkage
between European countries (market coupling) and convergence of individual electricity mar-
kets towards a European Single Market may explain why capacity scarcity is no serious threat
for the intermediate fure. However, this can partly be attributed to the fact that the German
electricity market is currently characterized by overcapacities. The regional distribution of
demand and contested grid extensions, which our model does not consider, may nevertheless
create necessities for capacity extensions in certain dreas.

To complete the discussion about the impact factors, our analysis highlights the uncertainties
regarding the load and their impact on futures prices. While the impact on the overall electric-
ity price level is limited, its high influence aperation margie makes it an important factor

to consider for market participants. Our analysis finds demand as the largest single impact
factor on profitability. We assess that market participants shouldvée af this uncertainty

and its implications, since current policy goals could focus efforts on energy efficiency in-
vestments, whickvould have a depressing effectte total load level.

A wide range of additional potential factors can explain changesrket participant’s ex-
pectations and thus the drop in wholesale electricity prices. A related work with a more gen-
eral scope is done 9], who conducts a qualitative analysis about the German ‘dash for

coal’. In addition to fundamental factorshe author discusses further factors, e. g. technologi-
cal developments, political decisions or public acceptance that can generallycefeigrec-
tations ofenergymarket participants. In the light of additional explanatory factors we refer to
the academic work on risk premia in energy markets {(s#ductiori) that puts focus on

more strategic and behavioral aspects of market participants.

SUMMARY AND OUTLOOK

The parsimonious fundamental model for wholesale electricity markets is able to ¢lplain
development of badeturesprices in the wholesale energy market with remarkable accuracy.
The model is used to analyze the impact of various fundamental factors on elettiriy

prices in the German market. The findings show that the drdpeifGerman electricityu-
turesprices from 2007 until 2014 can be attributed to changed expectationsimggartia-
mental factors. The emissiqrice reduction is thereby found tuantitativelybe the most
important explanatory factor for the decreas@amwer prices. Yet the loss in profitability of

new built power plants is to be attributed in the first place to the lower than originally ex-
pected electricity demand. Contrarily to common perceptions in the public debate, the higher

10The impact of the Fukushima earthquake on German electricity peiceived attentioin the academic liter-
ature.[27] showsthat the Fukushima effects had boosting impact on Germatresgrtricity prices. The authors
make no analysis on futures market prices but discuss possible-tengeinfluences due to the possible speed
up of the renewable energy integration in Germany after the nuclear-@ia§28] conclude that Fukugtma
and the resulting nuclear phaset in Germany had brief price effects on futures mark#tssimilarly conclude
that market participants anticipated the phasein their longer term considerations.
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than expected REfeedin comes only second in terms of its impact on power plant profita-
bility.

The parsimonious model with a piecewise linearization of the bid stack has advantages which
make it suitable for further research applications and possible extensions:

(1) The parshnonious nature allosthe use of more frequent data updates, e. g. in ordgs to

so forecast spot prices and use gdyead information instead of forecasting futures prices
with yearahead information. Even intraday ggs may be investigate8ince no detailed in-
formation about the available intraday flexible capacity exist, it might be of interest to use the
piecewise linearization for the intraday supply stg2k.Thesimplicity and low computation-

al times of the model support extensionshwabphisticated uncertainty modeling or multi-
market setups. One such extension could be the inclusion of stochastic processes and distribu-
tion assumptions for the input factors. This would also atleswse of the model for an ex

ante evaluation of realptions and other derivatives. A particular emphasis should however
been given to causal dependencies among uncertainties, e. g. between denanissad
prices.(3) The combination of an analytical formulation and the potential to use numerical
Monte-Calo simulations allow using the model for investigations of stochastic market equi-
libria.
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APPENDIX
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Figure 1. Top to down: superposition of yearly, weeldpd daily cycles of available capacities per fuel type
(Source own calculations based on EEX transparency data 2012 and 2013.
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