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ABSTRACT

The failure of the asset-light retailer’'s organiaasl model is indicative of the incapacity of
this organizational structure to manage efficierig combination of sourcing and market
risks in the current market environnment. Becaus$ethe structural dimensions of
electricity's market risks, a retailer's level skrexposure is unknowex anteand will only

be revealedex postwhen consumption is known. In contrast to the thiewk model” of
electricity reforms, the paper demonstrates thraugierical simulations that in the current
market context pure portfolios of contracts areomplete risk management instruments
compared to physical hedging. The latter is crittcaovercome the asset-light retailer’s
curse.
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1. Introduction

The “ideal textbook” model of competitive decenizatl electricity markets required the
vertical separation of generation, retail as wall reetwork services (transmission and
distribution). Introducing competition at the rétdevel was thought to imply the
emergence and development of asset-light retaidis neither own generating nor
distribution assets. By offering innovative retabntracts with attractive prices to
electricity consumers those retailers were expeiesdimulate a fierce competition in the
retailing segment of the value chain (Hunt 2002nHand Schuttleworth 1997). In sharp
contrast to this theoretical vision, asset ligh&iteentry has never eventuated as expected.
Asset-light retailers bankrupted, left the markeere taken over, or evolved towards an
upstream integration in all the retail markets aueto competition (UK, New Zealand,
Australia, France,...). Even in the UK, presented aasbenchmark for electricity
deregulation (Thomas, 2006), twenty new entrarftdhie retail market since 2000 (Oxera
2008). At their climax between 1999 and 2001, ttaltmarket shares of the new entrants

into retail was less than 2% in the UK (Ofgem, 200spite high levels of net switchihg.

By studying the risk management constraints oftaile, this paper explains why the
asset light organizational model is not sustainabldecentralized electricity markets. We
argue that in contrast to physical assets, purahgractual portfolios are not efficient risk

management device$or hedging uncertain delivery obligations of itetes. That is, the

1 40% of net switching for the residential segmerthie UK in 2007 (Ofgem, 2007)

2 Risk Management embodies the process and theusetfor evaluating, measuring and managing the
market risks within a retailer’s portfolio of coatts and plants. The value of energy trades chavge
time as market conditions and underlying price alalds change. In electricity markets, effectivéx ris
management depends not only upon proper portfaladyais tools but also on a solid forecasting of
forward prices.




paper aims at demonstrating the critical necedsitynanage electricity market risks

through acombinationof contractual and physical assets.

Comparing the determinants, costs, and benefitsfigirent institutional arrangements has
been a strong focus in the last three decades efNéw Institutional Economics
framework and more specifically of the literatureTransaction Costs Economics (Coase,
1960; Williamson 1985; Joskow 1985; Shelanski andirkK1995; Coeurderoy and al,
1997; Whinston 2003). However, the originality afiropaper is to compare vertical
arrangements through the analytical lens of riskagament (rather than transaction costs
economics) taking the new perspective of an el@ttrretailer specific’s intermediation

function.

The paper is organized as follows: in section 2oweforward the market risks faced by a
retailer. Section 3 demonstrates the limits of pooatractual hedging in liberalized
electricity markets. Section 4 is devoted to conmgaguantitatively the risk profiles of

different portfolios of hedging. The last sectiancludes

2. The market risks faced by retailers

By sourcing electricity for resale to final consusyeretailers are market intermediaries
(Spulber, 1999). As market intermediaries, retaileave the contractual responsibility to
balance on a real time basis their upstream andstogam portfolios of electricity. This

real-time matching function exposes them to quyatitd price risks.

An electricity retailer is specifically exposed doquantity risk over a short term horizon

(from a few days, a few hours, to real time riskp@sure) due to unanticipated load




variations, (e.qg. related to the imperfect preditity of weather conditions).As demand
for electricity is of stochastic nature, very irstla, and characterized by strong short term
variability and supply is rigid on the short terspot prices are volatile (Stoft, 2002,
Geman, 2005). Since electricity is not economicattyrable, all imbalances will have to
be settled on the spot market at unforeseeableg3rithis non storability exacerbates the
consequences arising from the classical matchiogrteinty problem between any market
intermediary’s sourcing (downstream) and sellingsfteam) portfolios (Bailey 1998,
Gehrig 1993, Hackett 1992, Spulber 1999). Furtheemite positive correlation between
price and demand in electricity wholesale mark&woft 2002, Chao et al. 2005), is
worsening the financial costs of any under-cong@gbositions settlement on the spot
market. This load/price positive correlation is rse@s an important incentive for
contractual hedging (Mackay and Moeller 2007). l§nany change on the number of a
retailer’'s customers (loss/gain of market sharesewly liberalized retail segments) will
generate vertical imbalances forcing the retadesdll or buy any over or under-contracted
position at uncertain prices. These structural lariEes put retailers’ margins under

threat.

Consequently, quantity risks systematically trateslato price risks. The price risk is
generated by the discrepancies between the sglling of electricity on the retail market
(generally a fixed price) and the price of the ctangentary spot transactions to offset the

structural disequilibria between a retailer sougcand selling portfolios. To minimize

! Weather uncertainty can be theoretically mitigatedughweather derivativesHowever, due to their
speculative and illiquid features, difficulty ofiping, and lack of liquidityweather derivativeare very
seldom used by electricity retailers (Geman, 2005).

2 For further details on the links between the gfelmlevel and price volatility of a commodity, pte
refer to Geman, 2005 and Working, 1949




guantity risk and price risk, retailers will aima@intractually hedging the main proportion
of their aggregated load requirements through thvehase of hourly electricity blocks

with a minimum physical capacity of 1 MW. Each widual demand being stochastic,
retailers will define their contractual level ofogurement based upon the imperfect

segmentation method knownlaad profiling

3. The expected role of long-term contracts and thestructural limits for

managing market risks

In the ideal theoretical paradigm of liberalize@atticity markets, financial contratts
(forward andfutureg were predicted to be efficient instruments fomaging quantity and
price risks and assumed to be perfect substitotedysical assets (Chao and Huntington,
1998; Hunt, 2002). These expectations have not begched. In all electricity markets,
forward and futures cover less than 50 % of the total demand (Andeeswh al, 2007;
Chao and al, 2008). Meanwhile, upstream verticigration has been maintained or has
arisen in most of the markets (Cornwall, 2008; Manand Saravia, 2007, Kuhn and
Machado, 2004). In this section, we examine thectitral limits of contractual hedging
within liberalized electricity markets. These ligitstems from contractual parties’

misalignment of interests regarding price and gtaptovisions?

We first analyze the origins of price provisionsisalignment. Spot price fluctuations

have opposite effects on retailers and generat@mfigas any increase in the spot price

! For the purpose of this paper, it is not necestadjstinguish between financial and physical cacts
since potential physical delivery is not changingthing to our conclusion.

2 Or, the main role of long term contract is prelyige align parties’ interests to ensure the cattra
execution’s strong compliance (Masten 1996, Braaussand Glachant, 2002).




will affect positively the revenue of the produderthe detriment of the retailérAs the
price risk’s profiles of retailers and producers aegatively correlated, long-term fixed
price sourcing contracts should, in principle, dogdalign long term hedging needs of
both parties, and safeguard their economic interést the best of the contract’s
performancé. However, in a setting of fixed price contractse &x postdistribution of
risks across the parties depends on the duratidmegnitude of the periods during which
the spot price will be above/below the contractisedd price, which in the electricity
sector is not foreseeable given the proven incpaticurrent price forecasting models to
capture real electricity price volatility withinveery uncertain market environment (Szkuta

and al 1999; Nogales and al 2002; Lora and al 2G@an 2005).

As sustainable periods of spot prices below thdraonhfixed price may induce profitable
new entries into the retail market, retailers vaigmnificant level of sourcing through fixed-
price contracts are exposed to a riskpote-squeez2 Given the low level of entry costs
into the retaill segment (Ofgem, 2007); low spotcesi will represent strategic
opportunities for potential new entrants to cormerrket shares from any retailer locked
into high sourcing fixed price contract. Therefaaay fixed price contract gives rise to an
opportunity cost for retaile’sWhen contracting, retailers have no guaraete@ntethat

spot market sourcing will be more costly than cactinal sourcing. The effectiveness of

! Conversely, any spot price decrease will have sppeffects.

2 Moreover, by aggregating numerous customer loadailers would theoretically be able to lock ie th
major parts of their expected demand through sngrcontracts which would match the profile and risk
features of their downstream portfolio at pricestrem to the volatile spot price.

% For an example gfrice squeezesee TXU Europe bankruptcy in 2001 on the UK ma(Rewer in
Europe December 2004)

* Sourcing contracts indexed to the spot price shdbkoretically eliminate the aforementioned
opportunity cost for retailers. However, in praeti@a residual price risk remains due to the smaogthi
effect embedded in those spot indexed contracts.




any hedging strategy is revealed oaky/post when demand is settled on the spot market.
A retailer could always diminish its retail pricés match the competitors’ prices and
protect its market shares but will then face retadrgin’s reduction. In such setting,
another option for retailers would be to renegetlmir contractual engagements, giving
rise to a classicahold-up problem that leave generators with stranded loemgn t
investments (Klein and al, 1978). Anticipating thisk of opportunism, generators would
require a higher contractual premium, making caitsranore expensive for retailérhe
aforementionedex anteuncertainty on a fair contractual risk sharieg postacross the
parties hinders the incentives for a fixed pricaglaerm contract. Absent long term
alignment of parties’ interests, such contract @ ‘rself enforcing” (Klein, 2000 and

2002).

Provision’s misalignments for quantity preference® also a source of contractual
problems and high maladaptation costs (Williamsi#85; Saussier and Yvrande-Billon
2008). Indeed, retailers prefer to contract onilllexquantities to match their variable load
and demand swings whereas generators prefer toeséteir revenues through fixed
guantities but with contracts that follow their plypavailability patterns (i.e. : including
technical maintenance and/or fuel shortage claudesjailers would not accept such
availability clauses unless they have concluded lmatailing contracts downstream (i.e.

interruptible contrac). These quantity and availability clauses’ misafigents contribute

The perceived asset light retailer's counterpaisk rof default (which differs from the risk of
opportunistic behavior) also contributes to highmtcactual premia. Electricity retailing is a finaac
rather than physical activity. As a retailer has tangible assets (the portfolio of customers is an
intangible asset), this represents a source ofifiahinstability for contractual counterparties.

2 Interruptible contracts are equivalent tealable forward In such contractual framework, the retailer
simultaneously (and virtually) sellsf@rward contract to its clients and buycall optionfrom them.




to a structural lack of matching between capaaiy lad and to high contractual premia

for conceding contractual preferences.

In the absence of any mutually beneficial pricefditya contractual mix to maximize long
term revenues of both parties, the limits of symiodixed (or indexed) price contract
make asymmetric contracts suchcadl optiong potentiallymore suitable for electricity
retailers. Indeed, by giving the right to buy efexty at the strike price (Hull 2005gall
optionsenable retailers to mitigate their quantity rislo(@umand, 2008 and section 5 of
this paper). With the structural limits of contnaait hedging in mind, we now turn to the

risk management benefits of a portfolio strategselolaupon physical assets.

4. The need for physical hedging

We demonstrate that a retailer cannot reproducerisitereducing benefits of physical
hedging by pure contractual portfolios. For thisgmse, we compare the risk profiles of
different portfolios of hedging with the traditidn®alue at Risk (VaR) indicator. The
Value at Risk (VaR) is an aggregated measure ofdta risk of a portfolio of contracts
and assets. The VaR summarizes the expected maxloasr{worst loss) of a portfolio
over a target horizon (one year in this paper) withgiven confidence interval (generally
95%). Thus, VaR is measured in monetary units, €imoour papér As the maximum

loss of a portfolio, the VaR(95%) is a negative twem Therefore, maximizing the VaR is

! Wolak (2007) analyses the benefit for a generataccept a lower output price in exchange of Bexi
output.

2 A call option is a contract that gives its purchaser the rightt (not the obligation) to buy the
underlying commodity at a certain price, the strfketed X in section 5), on or before an agreee,dat
the maturity of the option (Geman,2005)

% For further details please refer to Ph.Jorion. Itidaat risk: The New Benchmark for Managing
Financial Risk” Mc Graw Hill, second edition, 2000.




equivalent to minimizing the portfolio’s loss. Wely on the Value-at-Risk because it is a
good measure of the downside risk of a portfolid @ for example used as preferred
criteria for market risk in the Basel Il agreemefite Value-at-Risk for the 95%

confidence interval (VaR(95%)) that we use in teenainder of the paper is the one

hundred fiftieth lowest of the 3000 payoffs.
Payoff of the assets and contracts within a portfa

A retailer is assumed to have concluded a retaitraot (the retail contract is givesx
anteand is therefore not a portfolio’'s parameter oficBowith its customers that imply

stochastic demantj (for t = 1:T). The demand distribution is known to the retaiad

the uncertainty about the actual demi@né completely resolved in time

To fulfill its retail commitments the retailer canly electricity on the spot market at #ve

ante uncertain spot market pricfé;.l The spot market price distribution is known by the

retailer. To reduce its risk from buying an uncertamount of electricity at an uncertain
price, the retailer can conclude financial consaahd/or acquire physical generation
assets. All contracts (including the retail contrand the physical assets generation
volumes) are settled on the spot market that isnasd to be perfectly liquid. Thus, the
payoff streams depend on a given number of spokehagalizations (one year, i.e., 8760
hours). For example, an annual baseload forwardracinimplies buying the agreed

volume of electricity at the contractual price 8t60 hours.

! We ignore balancing markets. This can be justiigdhe fact that most of the adjustments of retail
take place in the day ahead market.




In Table 1 five different contracts/assets — nanaehgtail contract, a forward contract, a
power plant, a call option on the spot price amelinoption on the spot pritgiven the

spot price — are introduced. If for example, thectlcity spot price®,) is above the strike
price of the optionsX), there is a positive payoff of the call optiomile the payoff of the

put option is zero. The payoff of the power platgpends on the installed capacity of the

plant (-,,...) and its marginal cost{c) and only the payoff of the retail contract depend

plant.
on the stochastic demarii. By subtracting the expected valug((}) from the gross
payoff all contracts/assets are assumed to haweezgrected value. That is, we assume
that in a perfect market (no market power, no @matisn costs, full transparency, etc.)
arbitrage would not allow for the existence of sysatic profits. Without this postulate,
the method for the evaluation of contracts andtasgeuld drive our results. Indeed, the
net loss calculated for each portfolio would beorstly determined by the valuation

method of the assets or contracts within each qlartf

1 A put optionon the spot price, gives the retailer the righseb electricity on the spot market at a given
price.




Table 1: Payoffs of different contracts/assets givethe spot price @,)

Contract Payoff
Retail Contract Mrotaile — ﬁr X f}r + E[ﬁr X f}r)
Forward Ttorwards — Vrorward * ﬁr - E[Vfomwce X ﬁr)
Power Plant Tptame,e — Vplane X MAX [ﬁr = mc, ':') - E(Vp:anr X max[ﬁr - mc, D))

Call Option on Spot ~ eaye = Veay X max(P, —X,0) — E (Vm:: x max (P, — X, ﬂ)}

Put Option on Spot Tpur.e = V;m: X max(X — ﬁrrﬂ] - E(V;mr X mfm[x - ﬁr,ﬂ))

Methodology of numerical simulation

To simulate the payoffs some assumptions on theldison of the electricity spot price

and retail volume have to be made. We rely on de# of the French electricity market
from 2006 and 2007. The hourly prices are obtainech the French electricity exchange
Powernext and the corresponding loads are obtdimed the network operator RTE.

Electricity prices depend non-linearly on the tdtd (see Figure 1). Thus, load and
prices are strongly (although not perfectly) catetl (46% in the sample period) and load
increases have a stronger impact on prices thad tkreases. To obtain realistic
simulations we sort the observed price-load contlwina by load. Then, the central points

(medians) of 3000 windows of 8760 neighboring osons are drawn from a truncated




normal distributior’. Note that, due to the normal distribution, windowish a median
load closer to that of the observed sample are ket than windows with a median
very different from that of the real data. Finallsgm each of the 3000 windows we draw
randomly with replacement 8760 hourly price-loadmbmations. Consequently, in

expectation the median of the observed data (lisagtjual to that of the simulated data.

Figure 1: French Prices and Volumes in 2007
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! The mean of this distribution is 8760, represantire central point of the 2 years data. The vagaof
the central points is 8760/4)2. The distributioriri;mcated below 8760/2 and above 17520-8760/2 to f
the data sample.

2 Due to the non-normal (joint) distribution of tidserved data, the mean of the simulated load is
slightly lower (54 instead of 55 GW) than that lo¢ tobserved loads in 2006-2007. The mean priceeof t
simulated data is slightly lower than that of tHeserved data (43 instead of 45 Euro/MWh) and the
median of the simulated prices is higher than theeoved data (39 instead of 38 Euro/MWh). The
variance of the mean (median) price across the 3000lations is 29 (20).




The marginal generation cost of the power plaseisto the median of the simulated spot

prices mc = 39.0 Euro/MWh, thus representing a peak load powertpleme Strike price
of the options is set to the expectation value fé# spot pricex = E(B,)= 43.0

Euro/MWh?
The risk minimization

We can calculate the cumulated annual payoffs & 8760 hourly price/volume

combinations for all 3000 simulations given thetfabio (1;? V.

plantr

|

call

andv,,,.):

ervward’

8780
wt = Z [Hi"'ﬂfﬂihr[ﬁri’ﬁri)] + [L{fﬂ‘?’%‘ﬁ?‘d X Hfﬂm‘ﬂ?"d,t(ﬁ:)]
t=1

+ [U'p!rznr * Hﬂ:ﬂnt,t[ﬁtﬁ’mc)] + [UGEH * Hcﬂ::,t[ﬁ:’x)]

+ [Vour X Ty (PLX)]

Thus, ¢ is the annual payoff of th&™ price and volume simulation given the portfolio

defined byv, Viane Veanr @AV, .. Employing for example no contracts/assets to

orward' " p put”
reduce the risk, the distribution of the 3000 p&y@fom the retail contract stretches from
-193,000 Euro in the worst case to 98,000 Eurohi hest case. By adding just one

forward contract to the portfolio, the risk mighe bignificantly reduced. In the worst case

! This is done to make call options and power plaigtinguishable as they are equivalent according t
Table 1 ifx = me. The intuition of setting the marginal cost to thedian price is that thus, the power
plant will run exactly 50% of the times. The intait of setting the strike price to the mean prie¢hiat
the option is “at the money” in this case.




the retailer now loses only -39,000 Euros (see reigR). By combining different

contracts/assets with the retail contract, thecmid be further reduced.

Figure 2: Payoff distribution of two portfolios (in Euros)

Payoff Distribution for a pure retail contract
T

-2 -1.5

Payoff Distribution for a retail contract and one forward contract
40%
T T T

-2 -1.5 -1 -0.5 0 0.5 1

Using an optimization routifiethe portfolio that produce the lowest VaR(95% &z
identified. The objective is to find the portfolemnsisting of one 1 MWh baseload retalil
contract and a linear combination of financial cacts as well as physical assets that
reduces the retailers risk. Thus, the factorsHerdther contracts/assets are also measured
in MWh. If the retailer, for example, sold two riéteontracts and he would like to hedge
this deal with only forward contracts (compare #4lable 2), he would have to buy (2 x
0,98 MWh) 1.96 MWh forwards. Any imbalance betwettre electricity sold and

purchased (or produced) is settled in the spot etailherefore, it is not necessary to have

! We use the ,fmincon“routine in Matlab. As the rioet does not necessarily converges for this ncealin
problem (especially for the three and four assete); we rerun the optimization for each case WdB
different randomly drawn starting values. The resfilthe best run can be considered sufficienthselto the
global optimum, as all results tend to be withifiaidy narrow range.




equality between the quantity sold downstream aedsburced one upstream. The volume
of power plant contracts is constrained to be pasitwhile call option, put option and

forward contracts could be both bought and solth@imarket (i.e., negative quantities are
allowed). In five different scenarios we constréie volume of certain contract types to
zero. Thus, the (non-) substitutability of thesatcacts for hedging a retailers risk can be

assessed.

Table 2: Portfolios containing one retail contractthat maximize the

VaR(95%)
#  Used Retail Vs orward Votant V.1 Vyue VaR(95%)
assets
1 All
-0.04 0.26 1.24 -0.27 -2,088
contracts 1
2 without
0.09 1.33 - - -2,131
options 1
3 only
- - 1.47 -0.28 -2,092
options 1
4 only
0.98 - - - -12,942
forward 1
5 only
power - 1.46 - - -2,201

plant 1




The VaR(95%) of the considered one MWh baseloadracinwith zero expectation is -
97,852 (see Table 5 in the Appendix), i.e., thebphality of the retailer to lose more than
100,000 Euro in one year (or more than 10 Eurovamaae per hour) with this contract is
almost five percent. The optimal portfolio if aBsets are allowed (portfolio #1) produces
a VaR(95%) of -2,088. Portfolio #1 consists inisgll0.04 MWh of forward, generating
0.26 MWh with the plant, buying 1.24 MWh on a agfition, and selling 0.27 MWh with
the put option. The VaR of #1 is thus 98% lowemtliaat of the retail contract without

any hedgé.

Without plants or forwards a VaR(95%) very closethat of the unconstrained optimal
portfolio (#1) can be attained if options are akal\(#3). If options cannot be chosen, the
risk management characteristics of #3 can be rejoest without options if power plants
and forward contracts are allowed (#2). With ordywiard contracts allowed (#4), the
VaR(95%) is more than six times bigger than if hgbwer plants and forward contracts
are available portfolio choices (#2). Consequentlyptions are no choice for retailers
(because for example, nobody is willing to selinthas a counterparty), then power plants
— whose payoffs feature option like characteristiagill help retailers to reduce their risk

exposure.

If power plants with different marginal costs canibcluded in the portfolio, the selection
decision equals the choice of hedging an underlyiitty options with different strike

prices. If, for example, a low cost technology wittarginal cost being equal to the 25
percent percentile of the electricity price andighhcost technology with marginal cost

being equal to the 75 percent percentile are inred, the VaR can be further reduced.

! This level of risk reduction can be approached withy different combinations of assets, as the four
assets imply one degree of freedom.




Table 3: Portfolios containing one retail contractand different power plants

that maximize the VaR(95%)

# Used assets -L’}'W'wm'c: Vp:a nt,a0 Vp:a nt.25 Vp:anr.?i VaR(QS%)
6 Forward and 3

plants 0.30 0.62 0.00 0.59 -2,112
7 3 plants 1.17 0.22 0.03 -2,141
8 L;Jh:n:'.ﬂi and

“plant,7s 0.76 0.75 -2,199
9 Forward and

Vatant,7s 0.50 1.09 -2,183

In our example the optimal portfolio (#6 in TabletBat consists of 0.62 of the normal
power plant, O of the cheap power plant, 0.59 efdkpensive power plant and 0.3 of the
forward contract can reduce the VaR(95%) to 2,TIis implies a slight improvement
with respect to the optimal portfolio for the noidnpawer plant and the forward contract
(VaR(95%)=-2,131). By allowing only power plantscan be demonstrated that adding a
power plant with different payoff characteristicsght reduce the VaR of the portfolio.

Going for example from #8V(}.,.2: andV, aners, VaR=-2,199) or #5%.pes0, VaR=-

2,201) to #7 (all three power plant types, VaR=42)1lreduces the VaR(95%) by three

percent.




In the above exercise we have shown, that forwantdracts are not sufficient to hedge the
supply obligations of a retailer. We demonstratadttte example of the French market,
that either power plant shares or option contractsthe spot market are necessary to
optimally reduce the risk of the portfolio. To umskand why this option-like payoff
structure is required we proceed with a stylizedneple. We assume a sinusoid price
curve p(x) = 30 + 15 x sinx and three different types of retail consumptioanstant
demand ¢(x) = 40), stochastic demandy(x) = 30 + =(x)) and demand correlated to the
price (@(x) = 40 + 20 x sinx). The payoffs of a retail contract, a forward cant and a
power plant are calculated according to the appradescribed aboveFinally, three
different types of portfolios are considered: (1@ tombination of one retail contract and
the optimal number of forward contracts, (2) thenbmation of one retail contract and the

optimal number of power plant shares and (3) thalgpation of one retail contract, the

optimal number of power plant shares and the optmaber of forward contracts.

! As a reminder: the payoff of the assets is compuaiecording to the corresponding formulation in
Table 1. Thereby, the marginal cost of the powemplare set at the median spot price and the
expectation value of each payoff series is norradlio zero.




Table 4: Portfolios for the stylized example contaiing one retail contract

that maximize the VaR(95%)

Used assets Retail  Vippiara Viigne  VaR(95%)
Constant only forward 1 1 0
demand

only power plant 1 1 -4.77

forward and

1 0 0

power plant 1
Stochastic only forward 1 1.01 -2.56
demand not

only power plant 1 1.18 -5.80
correlated to
the price forward and

0.81 0.37 -2.05

power plant 1
Demand only forward 1 1.01 -3.66
perfectly

only power plant 1 1.55 -2.89
correlated to
the price forward and

0.46 1.08 -0.81
power plant 1

Assuming demand being constant, a retail contraghiie completely hedged by exactly
one forward contract (see Table 4 and Figure 5)s Thobvious, as the payoffs of the

forward contract exactly mirror those of the retahtract (see Table 1 and Figure 4).

With stochastic demand, a combination of forwardd plant assets forms the optimal
portfolio. In cases with non-excessive volatilifgyward contracts alone are responsible

for the major part of the risk reduction.




When price is assumed to be correlated to demaiguir@-3) again, power plants and
forward contracts are needed for optimal risk réidac In this case power plant shares are
responsible for the major part of the risk reduttiDue to the correlation of retail
guantities and spot prices retailer’s profits hédlag hills and deep valleys” (see Figure 3).
That is, in periods of high wholesale prices tloeistomers will demand more electricity.
Thus, losses in periods where wholesale prices adreve retail prices are over
proportional. In periods of low wholesale prices thetail customers demand less
electricity so that a retailer’'s gain from the po® retail-wholesale price differential is
under proportional. This payoff-structure of ret@htracts is almost perfectly mirrored by
call options and peak generation assets. Thusgthesets are essential for hedging a
retailer’s joint price and volume risk. This explaiwhy forward contracts alone are not

sufficient for hedging a retail commitment (#4 iable 2).

Figure 3: Stylized examples of the necessity of dph-like assets in retail
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Through the presented analysis we provide evidaheg,a retailer can hedge the market
risks originating from a standard retail contragtdither a combination of forwards and
options on the spot price or by a combination afvBrds and physical assets. In all
observed electricity markets, however, liquid datives on the spot market are absent
(Geman, 2005; Hull, 2005). Thus, the only real chdor a retailer is to hedge its retail
obligations through physical assets. These, howewmight help to significantly reduce a
retailer’s risk exposure. In our example the VaRg93vith physical assets decreases by
more than 80% compared to a situation where ontwdaod contracts are allowed.
Consequently, as long as derivative markets arsuf@itiently liquid, retailers will strive

to vertically integrate to better hedge their rsdposure. This, on the other hand implies a
vicious cycle. The more retailers are verticalliegrated the less likely is the development
of a liquid contract market, thus forcing non-intztgd retailers to leave the market or to

move towards physical integration.

Different strategies to exit this vicious cycle imidpe proposed. By legislative barriers for
vertical integration one might boost the demand dertain derivatives. This demand
might translate into premiums that make it profigator banks and generators to provide
the demanded derivatives. In the course of timentimber of emitters might increase and
drive the premiums down. Another approach woulddoeeduce the (regulatory) pressure
on retail competition allowing for higher marginsdathus giving a financial cushion that
reduces the risk aversion in the operations. Orslyeadjusted parameter would, for
example, be contract length that is regulated racemarkets. This might allow retailers
to maintain potentially risky retail business witthavertical integration. But in this case it

is unclear whether having a series of oligopoliestafl oligopoly and generation




oligopoly) is superior to having an oligopoly ofrtieally integrated companiéslf the
described policies are temporal (otherwise theyldvproduce continued welfare losses) it
is, however, unclear whether the liquidity in theridatives markets would be self-

sustaining or collapse back to the above outlineuws cycle.

5. Conclusion

Our paper demonstrates that physical hedging, stggpbdo some degree by forward
contracting and spot transactiéns an efficient and sustainable approach to risk
management in decentralized electricity marketscdntrast to the theoretical premises,
financial contracts are imperfect substitutes tdiea integration in the current market
environment. The failure of asset-light electricrgtailers is indicative of the intrinsic
incapacity of this organizational model to manatfiieiently the combination of sourcing

and market risks.

! The inelasticity of demand might limit the typicaklfare losses from having a series of oligopolies
while on the other hand from a customer’'s perspectihe potentially higher prices due to reduced
regulation might offset the potential gains of i@t unbundling.

2 Being structurally shortly hedged leaves oppottufor residual contracting options opportuniti@s i
volatile electricity markets.
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Appendix

Table 5: Key characteristics of the payoffs of theonsidered assets

Variance VaR(95%) Correlation with
retail
Retail contract without
hedge 2,384,760,363 -97,852 1
I{fﬂ?‘b‘r‘ﬂ?"d
2,195,054,443 -79,179 -0.992
V‘pfﬂnt 5
’ 1,668,204,401 -64,835 -0.998
Votantso 1,102,804,456 -48,858 -0.999
U‘,‘E:I:E?‘!t 75
’ 567,871,146 -31,393 -0.993
Vear: 887,879,490 -42,200 -0.998
V*pu t
332,557,274 -26,045 0.917

Table 6: Characteristics of the observed and simulad data

observed data Simulation
mean price 45.1 43.0
median price 37.9 39.0
mean load 54,593 53,949




median load 53,778 53,794

Variance price 1,870 1,056

Variance load 126,726,050 1,548,842

Table 7: Characteristics of the simulated data — Vaances

Variance of the median

price 20.20

Variance of the mean price 28.60

Variance of the median

load 10,825,948

Variance of the mean load 14,512,156




Figure 4: Optimal hedging decision if retail volumeis constant
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Figure 5: Optimal hedging decision if retail volume is stochastic and uncorrelated

to the wholesale price
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