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ABSTRACT

The scope of this paper is to show the challenges within the

German electricity residential market based on m
electricity price analysis sincg€990. On this basj three
business modelare introduced Status Quo, Energy
Contracting andCapacity Tariff Furthermore a simulation
environment named GENESAI be presented, in which
the business modelsave been simulated and economic
impacts of the individuadctors of theGermanelectriaty
supply have been analysed.

INTRODUCTION

In the German electricity supply a rigid tariff system is used
for household customers. Nuwer flexible customer
behaviow nor a reasonable usage of stochastic-feenf
renewable energiesan be implemented ecomically.
Therefore it is currently not possible toinclude the
cugomeras activgarticipantinto theenergy marétlike it

is required in [1].The development of the electricity price
stands also iontrastwith this thinking Eigure 1). Until
1998 therewas an integrated energytility company as
well as the state institutions. After the liberalisation of the
energy market in 1998 the energy utility company was
separated to suppliet distribution system operator (DSO)
and metering operatdidatacollector (MOP/DC).
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In this shared markethe total expenditures for electricity
energy of an average private household in Geynweth
3,500kWh havemore than doubled since the year 2000.
Related to the year 199the total price increase resuits
round about 26@er cent This correspond® an average
electricity price increase of overpér cenper yeamwithin

the last 23 yars.

The development of the electricity prices and production
costs of photovoltaic systerasrather the declining feed
tariffs (FITs) resulted inthe point ofgrid parityduringthe
year 2012 6¢]. Thus it is more economical for private plant
operavrs to use th own generatectlectricity insteadof
feednginto the distributiorgrid. Furthermorethe usage of
battery systemis going to banore economical because of
the increasing selfconsumptionin this sense These
investment considerations aéditionallysupported by tax
saungs All thesedevelopmentsesultin moreand more
selfconsumptiorand, thereforein less electricity energy
usagdrom the public electricitgrid. This explains thahe
revenus of the electricity pricectorsaregoing todecline
dramaticdly because the major portion of the electricity
costs are based on theedkilowatt hour (Figurel). The
actors of the electricity price g#te challenge to develop
new business models b ableto economise sustainably
All in all, the residential market oflectrical energy is
located on a spiral accelerating by itseithich makest
indispensable tohange the current tariffs corresponding
the above mentioned challenges

BUSINESS MODELS

On this basis two innovative busiess models named
Energy Contracting(EC) andCapacity Tariff(CT) have
been developedn order tohave a common reference for
thesemodelsthe current tariffystem was consideredtas
third business model nam&tiatus Qud¢SQ). The business
models areategorised by twoustomer typesThe first is
the Consumer(C) which represents aegular private
householdcustomer The second customer type is named
Prosumer(P) andaffecss his electricity household actively
by arenewable energy plant.

Status Quo
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Figure 1: Customerexpenditure®f an average household
in Germanywith an electricity consumption of=00 kWh
[21 31 41 5
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The Consumerin the Status Quo(SQ-C) hasa supply
contactwith his supplierwhich is composedf astanding
charge in euro per yeand aunit rate in cent pekWh
(Figure2).
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Standing Charge 1

Figure 2: Current tariff model for £onsume(SQ-C)

The unit rate represas the major portion of the customer
expenditures. The components of gwpply contractare
detailed inthe following formulas:

Standingcharge= SupplierPart + Grid Usage+ Billing
+ Measurement Meter+ VAT

M

Unit Rate= SupplierPart + CHP-Levy+ EEG-Levy
+ OffshoreLevy+ Concessiorree
+ Electricity Tax+ Grid Fee
+ §19StromNEVSurcharge+ VAT

@

The offshordevy is intended asreadditionalcharge orthe
grid feefor theend consumeaiin German electricity supply
in accordance to a revision afction17f paragraptb
German EnergyndustryAct (EnWG) [4].

In case of aProsumerin the Status Quo(SQP) the
customer hawwo different contracts (Bure 3). First of al
like in the SQC-Model, a contract of supply with his
supplier regarding higrid usageThesecond tariffis a FIT
with the local DSO, in which a fixed paymeperkilowatt
houris established.

Standing Charge 1

FeedIn Tariff

Figure 3: Current tariff model for #rosumenSQ-P)

The Prosumerhasalsothe possibility ofselfconsumption
to feedin additionaly. The price ofthe selfconsumed
kilowatt hour depeds on thelegal personof the plant
operator. If the plant operatoris an entrepreneur and
therewith able to takeax benefitstheselfconsumptionis
subjected to the’AT . Theseltconsumptioris exempfrom
chargesif the plant operatois a private person in legal
accordance.

Energy Contracting

The first imovative business model is thEnergy
Contrading (EC), whose conceps already knan from the
heat energy market
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There, the change of an engrgsupplier to an energy
provideris performed.

The supplieroperates a rem&ble energy souroghich is
installed at the customefhereby, the customer is partly
supplied with electrical energy by his own plant, which is
run by the supplierThe customerwho hasto be a
Prosumeiin this business model, fintlémselfin a comfort
contract with thesupplier in which grid purchase, the

renewable energy direct purchase and also the leasing of the

renewable energy sourcare settled (igure4). The
customeremairsthe owneof the renewable energyisoe
and gives off only the operation or rather the assembling
and maintenance to tiseipplier The customeas the plant
ownerreceives leasing receipts frorthe supplier Due to
the continuous leasing receiptthe customer is ra
entrepreneur and cdherefore claim tax advantagdshis
business modedlso offers the possibility for the DSO to
influence the renewable energy soyrfoe whichthe DO

is obligated to pay a levy to ttseippliet Via contract the
sypplier offers onestanding chargand two differentnit
rates to the customeThe firstunitrate representbecosts
for thekilowatt hour, whichis purchased from the grid and
which, with thestanding chargeconstituts the supply
contract like inthe SQ-C—Model.

Feedin Tariff

Standing Unit Rate 1 Unit Rate 2
Charge

Figure 4: Tariffs of theEnergy ContractingModel(EC-P)

The secondnit rate refers to the direct consumptimfrithe
renewable energy sourcBue to the laver tax and levy
charging, thaunitrate 2 can be offeredt lower pricghan
theunitrate 1. ThesupplierhastheFIT with the local DSO
because of its operator statlife components of thanit
rate2 are detailedn thefollowing formula:

Unit Rate2 = SupplierPart + EEG-Levy+ VAT 3)

For the unit rate 2 neither grid nor concession fer
incurred because of the noxtakeup of the public
electricity grid. CHP-levy, offshorelevy and the
819StromNEV surchargare interpreteds a surcharge of
the gridfeeand thatis whythesearenotdischargedn this
caseAccording tosection9 paragrapt German Electricity
Tax Act (StromStG),no electricity tax must be paidor
electricity from a electricitygrid whichis exclusivelyfed
in by renewable energies
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Thereforetheunitrate 2 includeso eletricity tax.In this
unit rate only the VAT and the EEG@evy haveto be
discharged according tosection37 paragrapt8 German
Renewable Energ@ource AC{EEG) [7].

Capacity Tariff

The way fran a“working world’ that is charaerised by
kilowatt hours ta“power world that is based on kilowatts
is described in the second business modelTBé major
portion of customer expenditure® not consisbf energy
costs like in theSQ-Model, butof the actually demand set
up power.On the one handhis becomsnecessary due to
the increasedelf-consumptiorpercentage and on the other
handbecause of the further increasiude of the power as
an influenceablemagnituddan the smargrid [9].

In case of £onsume(CT-C) the tariff is assembled by two
rates(Figure5). The first is acapacitychargein euro per
kW which allocates the actudlemand set up powef the
connetion user Compared with the S@Modelthe second
part is asubstantially reducednit rate in cent pekWh,
which still refers to the eneygconsumption of the
customer.

CapacityCharge l

Figure 5: Capacity Tarifffor aConsumefCT-C)

The components dhe capacity pice andtheunit rate are
detailed inthe following formulas:

CapacityCharge = SupplierPart + CHP-Levy+ EEG-Levy
+ OffshoreLevy+ Grid Usage+ Billing
+ Measurement Meter+ Concessiorree
+ 8§19StromNE\Burcharge+ VAT

(©)

Unit Rate= SupplierPart + Electricity Tax+VAT 5)

The electricity tax is still included within the unit rétethe
state institutiondecaise of the intended impact of energy
efficiencyof this componenBoth capacitychargeandunit
rate are variable in timgo provide incentives for
productionoriented consumption throughout the déy.
order to keep the model simple, two tizeneshavebeen
realized Every component afapacitychargeandunit rate

is modifiable by a factor by the respective actor. The first
time zone is from midnighto 11.00 a.m. ’d from 4.00
p.m. to midnight Consequently, the second time zone is
between 11.00 a.rand4.00 p.m..The S@Modelhasbeen
used as starting base for this business model

In case of aProsumer (CT-P) the CT-C-Model is
supplemented in the sen$mat also thdeedin capacity is
constered for the capacigharge(Figure6).
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CapacityCharge l

CapacityCharge Feedin Tariff

Figure 6: Capacity Tarifffor aProsumerCT-P)

The actuaimaximum which is fundamental for thepacity
chargewill besubsequently determined by the maximum of
consumption and feeid. The renewable energyhich is
fed intothe distributiongrid is still remunertedunder the
EEG.

SIMULATION ENVIRONMENT GENESIS

A simulation environment named GENESIS was developed
to evaluate the corresponding business neddedll actors
Underthis amendmenthebusinessmodelsSQ, EC and CT
were developed by using the SoftvearCONSIDEO
MODELER. The models are simulated on guidelines by the
legislaor and the energy systemigbre 7).

B e

Figure 7: Overview of the main functions realized in
GENESIS

Furthermore in GENESIS it is possible to perform
sensitivity analyses and takeonclusions fothe business
models andheir actors.

FRAMEWORK CONDITIONS

The parameters onsiderations below are variably
adjustable withirthe simulation environmenand merely
representan examplén their dimensionsThe simulation
period was therefe defined from 2013 to 2032. The
residential customer wadeterminedwith an average
electricity energy consumption ofS&0kWh per yearin
case of &rosumera photovoltaic system withld/V as well
as a batterysystemwith a capacity of 4.&Wh and a
calculated service life of 20 yeamsere additionally
specified Due to thiscombinationa selfconsumption
percentage of 6@ercentwas chosen The annualprice
increase of thanit rate was fixed 0 6 percent This growth
rate in turndefines the ratesf increase of altomponents
of the electricity price by using a special distribution key.
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BUSINESS CASES

The revenues and expenditures for each aatat every
business modekeresimulated in GENESIS accordirtg
the above mentioned parametersThe pod of actors
consistedf customersupplier DSQ, state mstitutions and
MOP/DC. The diagrams showhe economical result for
each actom every business modakaccumulated cunge
over 20 years

The customehasin the SQC—Case total expenditures over
20 years of almogEUR 39,000 (Figure8). The cusomer
expenditurestake about the same developméntthe
CT-C—Case because the SRodelis used as reference
base for the C*Model. The little deviation between the
SQ-C—Caseand the CTC—Caseis bagd onthe additional
time variability of the CFModel.
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Figure 8: Customerexpenditures in euro for all business
cases
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In case of #rosumeitthe expected date of amortization for
the customein the SQP-Casewill appeaiin 2028. In the
EC-P-Case this point will be reachedin 2031. Both
amortizationtimes are very late because of tharrently
high investment costs of battery systeWithin the CFP-

Case the customer has still the regular consumption as well

as feedn behaviour andlo notconducthese according to

the capacity incentives of this business model. Therefore,
the amortization of the investment costs is not possible in

this case.

As far as the revenues of the actors of the electricity price
concerned, thesupplierwill serve & an exeple for all
actors (kgure9). The purchasing costs the supplieare
includedin hisrevenuesAs expected e highest revense

of the supplierwere recordedin the cases of S@ and
CT-C because of the high amount of enetiggthasbeen
sold.
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Figure 9: Supplierrevenuesn euro for all business cases
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In contrastthe supplier hashe lowest revenue situatiom
the SQP-Casebecause othe reducedjuantity of energy
thatwasdelivered throughhe distributiongrid. The CT-P
curve rises in aimilarwayto thatbecause ahereference
to the S@P—Case. Theeduced revenuesf the described
Prosumermodelshaveincreasedsignificantly within the
EC-P-Case

CONCLUSIONS

The EC-and CT-Model were presented as wise business
models approaches tolge the challenges of the residential
electricity market. As far as the simulation results have
shown, the simulation environment GENESIS is an
adequate tool to simulate and evaluate corresponding
business modsl

Further sensitive analysigll offer morefindingsaboutthe
business models as well as the simulation environment
Therewith,theinnovative business modapproachesvill

be developedo a sustainable and viable solution for all
actors in the residential electricity market.
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