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1 Introduction

Economic and business viability testhould alwaysgo along withany new technical
developmentin the smart grid domain. Whereas the technical / electric perspective on new
smart grid solutions guarantees that these solutions are technically viable,uiedss and
economic perspective ensures that they can realistically functioaxistingor envsioned
future markets with their actual actors under reldie conditions.

Becausesuch a taslcould theoretically take into account infinite numbers of vdries and
contingencies, causing uncontrollable levels of complexity, severaloappes have
emerged in the past. They focus different units of analyss andtransferapproaches from
other domains such as general project management, organizational peréoce
management, or macro or micro economic analysithe smart grid sector.

Due to the large number of evaluation andodeling approachesavailable, this report
reviewsa selectionof relevant approacheand assesses their usefulndes DREAM.

Thisreport summarizes the work done in Task 2.24& 5w9! aQa ¢2Nhe\y 3 LJ
modeling approachegresented herealso lay the foundatiosfor the assessment of the
industrial solution in WP 6 and the evaluation of the use cases in WBs 7

The remainde of this report is structural as follows. The next section summarizes the
general DREAM marketplace with the main actors and their relationship. Section 3 reviews
several economic and business evaluation methods for smart grid initiatives and section 4
explains the DREAM approach with a focus on the evaluation of actor business models in
traditional and DREAM market designs. The final section briefly sums up the report.

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 4
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2 DREAM marketplace

To establish the general frame of the DREAM project, a generic market design model was
developed. It shows the development of the electricity market from a traditionahwag
pushmarket to a more networked market with a greater variety of actors andtdyitd

energy and electricity flows. This market design was published in a DREAM White Paper
OGAGESY as5w9!la StSOUNROAGE YI MNp/Svvw.drReSd A Iy €0 3
smatgrid.eu/downloads/#whitepapers

This report reproduces the central elements of the White Paper.
2.1 Traditional market design

Figurel shows the market participants itme traditional electricity marketwithout demand

response mechanisms. It shows the actoasic interactions with each other and the energy

markets. The DS@oes not participate in the balancing market, because in the traditional

market design balancing lies in the sole responsibility of the TSO. In this (already liberalized)
market, independent suppliers source energy from the market and sell it to consufars.

0KS al{1S 2F AAYLX AOAGEI GKS ad oteldhldf becBus&in I Yy R ¢
reality they will often be united within a single market party. Theoretically, a supplier can of
course delegate the BRP responsibility for his customersxtdhar BRP, in which case he

will no longer have a direct commercial interaction with the TSO, but instead with the BRP.

The interactions between the actors (indicated by little numbers on arrows) are explained in
the White Papementioned above

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 5
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2.2 DREAM market design

Figure2 depicts the conceptual view on theew DREAM market design. Hetlee new actor

G! 3ANBIFG2NE A& AYUGNRPRAdzZOSR® ¢KS [/ 2y adzySNI oS
manageable load, storage,yY Rk 2 NJ LINR RdzOG A2y RSOAOSad 2 AGK
the market as mediator for flexibilities from Prosumers towards low voltage as well as higher

grid levels, a new balancing market for the distribution level (involving DSOs and
Aggregatorsan be created next to the conventional balancing market with TSOs as core

actor. Suppliers/BRPs can also acquire flexibilities for their own capacity planning and
schedule optimization via the market from the Aggregator.

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 6
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3 Review of economic and business valuation approaches

As mentioned above, numerous approaches for economic and business valuation in the
smart grid sectorexist Depending on thewaluatoiQ & LIS NANIBO puip @& of the
evaluation they have different scopes and use different techniques. In simplified terms, one
could distinguish three main perspectives towards smart grid evaluation approaches, which
are depicted irFigure3 along witha popular techniquefor each perspective.

Macro perspective:
cost-benefit analysis

Actor perspective:
business model analysis

Use case perspéctive:
key performance
indicatoranalysis

Figure3: business and economic analysis: different layers of perspective

The macro perspectiveowards smart grid evaluation loskat the smart grid from a high

f SPSt s O0ANRQA Se&S OASg |yR dzadzrtfte GNRSa
perspective of the society as a whole or at least a particuladewdl societakntity such as

a region or city Furthermore, it may be used to evaluatempletesmart grid projects to

assess whethetheir positive impacts outweigh theonditions andnegative consequences

Such analyses usually use quantitative techniq@esompanied by some qualitative

elements Whereas one could use formal macroeconomic simulation and evaluation
techniques, for example when the goal is to assess the impact of a smart grid scenario for
public welfare, more often the focus is somewhat maver, for example on a particular
LINEP2SOG® LY LINFOGAOS:E (KS (-0 8YiSNAGAYRI 2Fak §¢

Secondlythe actor perspectivezooms in on the involved parties @asmart grid projectThis
view is justified when a smart grid initiative affects some actors to a large extent, for
example when the market desigis assumed to changdn the DREAM case, the DSO,
Aggregator, and Prosumer actorface significant changes which suggest an actor
perspective evaluationAt this level, both quantitative and qualitative evaluation metkod
are used(or a combination of both). The quantitative techniques are sometinatedcost-
benefit analysisn everyday speech as wellypicalfinancial project mnagement evaluation
techniquesfor quantitative analyses araet present value (NPV) analysisee cashflow
(FCF) analysis, oeturn on investment (ROI) analysighich are widely used in finance,

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 8
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accounting, anceconomics These techniques assess tiepected benefit or value from a
longerterm project hat requiressome kind ofup-front investments The goal i2o help

investors decide whether or not to pursue a project. Like any other financial evaluation
method, these techniques depend on the avhildéy of reliable forecasts of costs and

incomes along with idiosyncratic financial parametkes discount rates (to determine the

present values of future costs and benefits) to render meaningful results. Therefore, they

are usually applied from inteet company perspectives, where this informationmere

easilyl O Af I 6f Sd ¢KSasS YSiK2R&a I NB fS&aa I LILINE LIN.
the information base is typically limitedlternatively, qualitative evaluation perspectives or
combinatiors of both qualitative and quantitative evaluation are possifleo approaches

that acceptt O NB I RSNJ LISNBLISOGA DS 2y | YontdxtGate2z NDa 2
GodzaAySaa Y2RSt Fylrftearaég 2N aol fI320SR a02NB
Finally, it can be argued that a third perspective istiBe case perspectivevhichdoes not

look at a project beforehand for investment planning purpodike the NPV or ROI
techniques, but which evaluates what actually happens from the perspective of particular
actors after a smart grid initiatives implemented and running. In the understanding used

here, the use case perspective evaluates both tiehnical and business performance of

some smart grid project or use case (as a sub element of a project) at runtime and
retroactively. It is thus more a technique for operational process monitoring and control

than a general benefit evaluatioAs the main goadf DREAM is to develop novel algorithms

for particular use cases in the smart distribution grid, this should be reflected in the
proposed evaluation approachess well. Therefore, in DREAMuse case perspective

approach isadded for business and economicaluation The approach is based on the
definition of key performance indicators (KPIs) that are collected for every use case and are

used to assess the advantages given by the DREAM solutions. Thereby, a KPI can focus on
technical, economic or sociologicaspects.Admittedly, key performance indicators could
theoretically also be applied to d#rent levels of detail, even ta macro level. However, we

focus onthe lowerlevel perspective that is closer to the actual technical implementation in

the grid because the validity and availability of data used for KPI calculation is much higher

here through the concrete realization of use cases

The next three paragraphs explain the three perspectives with exemplary techniques and
examples from the smart gridomain.

3.1 Macro perspective: CBA of smart grid initiatives

A costbenefit analysis (CBAg an evaluation tool forassessingmart grid initiativedrom a

macro perspective.As smart grid projects do not only have considerable monetary
implications, they typically also affect stakeholders from a diverse range of backgrounds and
eventually society as a whole. In consequence, an integrated analysis of the projects is

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 9
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pivotal. While such inteated analysis frameworks are still rather rare, this chaptesents
the main ideas and purposes of two, more rectarge-scaleCBAs.

¢ KS wS TS NEB Gudslinew $itidmilictingr a cesenefit analysis of Smart Grid

LINE 2 ByGhé doint Researcre@tre (JRCYf the European Commission introducgschan

integrated assesment frameworfEC JR@012] The paper advocates a threefold approach

for analyzing costs and benefits: First, boundary conditions and implementation choices are
defined The mostimportant decisions and assumptions concern the apprdpridiscount

rate ¢ i & LJA O publit policyR A & O 2 dzy¢ and thé tim® forizon of the project since

both affect the financial outcome most significantly. Other conditions include the
implementdion schedule, the impact of the regulatory framework, certain macroeconomic
factors, the technologies implemented and the design architecture, as well as assumptions
regarding peak load transfer and future electricity demaBdcondly cogs and benefitsare

identified using a sevestep framework:! F 4 SNJ NBGASgAYy3I |yR RS&O0!
technologies, elements and goals, the assets are mapped onto the respective functionalities.
Estimating the benefits includes mapping the functionalities onto theelies) the definition

of a baseline as well as a monetization of the bengfisd the identification of the
beneficiaries. After the costs are quantified, the last st@pntually comprises a comparison

of costs and benefits. The third and final step bé tquantitative analysis consists of a
sensitivity analysisof the outcome with regard to alterations of key variables and
parameters While primarily aiming at providing an economariented CBAA ® Snionetary &

appraisal of costs and benefith behalf2 T a2 OA S & ¢ ¢ the appdachalso H 1 MH =
includes a qualitative impact analys$ the consequence®f the smart grid initiativegor

the value chain and the society in genera.addition to quantifiable results, the overall

analysis of therespective smart grid project hence also incorpotate Wa 2 Fi1QX A ®S
quantifiable externalities such as effects on the jobs along the value chain, safety
considerations, the environmental impact, social acceptance, time lost or saved by
consumers, the pential for providing new services and applications as well as privacy and
security considerations.

While the JRC repogenerallydealswith smart grid projects, th€ | L b'Y QdstBenkfii &
Analysis in the Context of the Energy Infrastructure Packéyethe FP7 projectTHINK
focuseson the electricity infrastructure, i.e. trangssion and storage facilitiefTHINK,
2013] This method builds on and extends the CBA recommendations from ERTEO0r SO

E, 2012]. At first, it is necessary to differentiatbetween transmission and storage
investments. Due to their alternative nature, they can be considered competitive projects
and hence the same CBA method must be used for both projébtsstarting point for any
CBAevaluation is a common baselinghich has to meet certain requirementsSince
forecasts aregenerallycharacterized by uncertainty anake only meaningful to a certain
limit, a time horizon of 2@5 years is consideRe amv@ntionaf [THINK, 2013p.V] In

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 10
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addition to that, it is necessary to Bein mind possible interactions between the project

Any project hence should also be evaluated against a second baseline that considers the
other proposed projects. Finallynatching the baseline assumptions with the EU energy
policy objectives ensuratata consistency and quality

In a next step, all relevant effects of the respective infrastructure projects are listed which
serves as a base fdine final reduced list which comprises the moslevant effects only.
Effects are divided into three group®ower system, externalities, and macroeconomic
effects. Power system includes a variety of costs and benefits such as infrastructure costs,
production cost savings, gross consumer surplus and other market berteftsE G SNJ/ I £ A G A
effects include CPOemissions, renewable energy, local environmental and social costs as
well as early deployment benefits. Lastly, job creation and an increase in economic growth
are considered macroeconomic effectSince every project is unique, only a selected
number of effets is typically relevant and hence the CBA method introduced in this report
concentrates on infrastructure costs, production cost savings and gross consumer surplus as
these effects are common for all project®&hereafter,the net benefits of these effects need

to be calculated, i.e. monetized. As mentionedjde from infrastructure costs, production
cost savings and gross consumer surphd, all effects are neged for every project and
hence projectspecific effects musbe considered where appropriat®Regarding the inter
temporal discounting of costs and benefits, three key issues are identified: low or high
discount rates, single or multiple discount rates as well as reference puifitge there are
arguments for albf these issues, the authors recommend the usa tdw discount rate, a
ccommon Euwide discount factad Wwel LbYZ asthe orgsult loJam B LIS Y
O2 vy adz G ( AaBdythe lsiiMi @fBrangetpoint for all projeetgaluated The authors
acknowledgethat uncertainty plays an important role when conducting a CBA analysis. In
this context, uncertaintiesan stem from the baseline or from general project uncertainties.
While the latter type is inherent, baseline uncertainties can be addressed by using a
sensitivity analysis in order to find critical parameters, a nrsdénario analysis for
determining ranges of the parameters, and stochastic models for the calculation of a net
benefit distribution. Since project uncertainties are specific per se, they need to be
addressed individually as suchfter these considerations, thdinal step of the CBA
proposed isaranking of the projectsThe common approach to this is a ranking according to
the mean value of the nebenefit distribution, after making appropriate adjustments for
competing projects and uncertainty when needed. Additionatigk averseness of the
evaluators can also be factored in.

As can easilype seen, these comprehensive macro CBA approaches requmay
parameters that are not easily available in the practical reality of a project like DREAM. As
DREAM proposes and tests algorithms for 22 different use cases that reflect very different
grid statuses and conditions, which are then packaged into avaoft framework that is

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 11
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supposed to execute these algorithms in heterogeneous situations, it is impossible to

Ot OdzAk 4GS + YSFYyAy3IFdzZ YIONRB LISNBLSOGAGS SO
fact a collection of individuaHltailored solutions). A geeral CBA was therefore not planned

for the business and economic evaluation in DREAM.

3.2 Actor perspective: business modeling
I o6dzaAySaa Y2RSt Aa al 02y OSLJidzat O2KSNBy
understanding of the underlying bugisst 2 3A 0 2 F | yA-PebdHang Avisonfi A 2 y ¢

2010, p.365] Since its first appearance in the academic literature in the-h9€0s, the
business model concept has been gaining increasing attefifiott et al., 211].

Existing business model framewonpose arying numbers of sub elements or building
blocks to describe a business modehe elements answer the core questions that can be
asked about the way a business worl¢ho is the customerwhat is the product or service
2FFSNAY I 00GKS a O hdvidzéhe (alN@crdated AThel l@tgh £lénient Lisyaiy
covers internal as well as collaborative processes and resources for value creation and the
revenue model responsible for financial valacquisition.

Technique Business Model Canvas

The Business Model Canvas is an established framework to describe and desigssusin
models for various domains [Osterwalder & Pigneur, 20lk(as alreadyeen used in the
energy domain [cf. Schaeffler el., 2012 Trygg et al., 2032 It decomposes a business
model into nine different building blockg-igue 4 shows the framework with its nine
building blocks.

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 12
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¢tKS F2tt26Ay3 GlFLotS SELXLFIAya GKS FNIYSs2N]

Osterwalder & Pigneur, pp. 20L).LY G(KS O2yGSEG 2F 5w9l az 65 dz

indicate the focal role of the analysis.

Building Explanation

Block

Customer Which groups of people or organizations does the actor aim to reach ar|

Segments serve? Are there separate custonms¥gments that need distinct offers,
different distribution channels, and/or different relationships?

Value Which bundle of products and/or services creates value for a specific

Proposition | customer segment?

Channels What are the communicatiordistribution, and sales channels the actor
uses to communicate with and reach its customers to deliver the value
proposition?

Customer Which types of relationshis does the actor need to establish with specifiq

Relationships| customer segments? Types ofatonships depending on product and
customer lifecyclare for exampleustomer acquisition, retention, crossr
upselling.

Revenue How does the actor earn money? What are the incoming customer

Streams payments for the value delivered? Example revenwslaisare: asset sale,
usage fee, subscription fee, lending/renting/leasing, licensing, brokerag

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 13
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fee, advertising.

Key Which assets does the actor need to acquire and use to makmiginess
Resources | model work? Examples aphysical, financial, intedttual, or human
resources. They can be owned, leased, or be acquired from key partne

Key Activities| What are the most important things an actor hasdomto make its business
model work? What are the key competences the business model deper

on?
Key Which network of suppliers and partners makes the business model wo
Partnerships | This can be important to optimize business models, reduce risks, or acg
resources.
Cost Which costs (fixed and variable) does the actor incur wapkerating the
Structure business model? Costarcbe derived more easily after specifying Key

Activities, Key Resources, and Key Partnerships.

On a conceptual level, the Business Model Camvagell suited toillustrate the changing
roles of the actors in the ettricity market placeWe therefore chose it to describe the new
situation with DREANsee sectiort.2). Although the frameworldoes contain elementkke
revenuestreams and cost structurinat are related to financial performancé is essentially
no quantitative assessment tool.

Technique Balancedc8recard

The balanced sorecardis a performance measurement concept introduced by Robert

Kaplan and DavidNorton. FNBR (i LJdzo f A & K S R Thk \BalatickdSScdtécalgiNII A Of S
Measures that D@S t S NJF anNDgR2ytkieScéncepy & RS@Sf 2LISR Fa |
LINBaSyidlraArazy 2F 020K TFAy[Ksepadd& Nortoh, Y1992, p.ILLRNI G A 2
The authors realzed that managers often have to decigdhether to focus on traditional

financial measures such as return on equity or earnings peesbraon operating measures.
Theyargue that instead of being satisfied with compromises, managers should be able to get

both financiall YR 2 LJISN} GA2y |t YSIadzaNBa Ay | aolfl yosS

The balanced scorecard hence is supposed to provide decision makers with information
about the business from four key perspectives at the same tfmancial customer internal
business and innovation and learningFor each of these perspectives, a limited number of
goals and measures are defined in order to prevent information overlGée method
thereby tries to meettwo key managerial needs: Firstlg, combinesseveral otherwise

G O2 y T fstkat@gichef@Bents such as customer orientatiteamwork reduced product
launch times and lonterm managing Secondlyjt prevents ésub-2 LJG A Y A Birdcdi all 2 v €
perspectives are considered simultaneouslyBy linking the four perspectives,hd
relationships and tradeffs between these areas becomes more obvious to managers
which can provide a benefit for decision makiand problem solving processes.

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 14
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Since its first publication in the early 1990s, the balanced scorecard has become atleque
used performance measurement and control tool and been extended by further categories.
Furthermore, thegeneralidea of summarizing performance measurements from different
perspectives into one overview has bedaken over by many other performance
management approachesFigure 5 shows a simple general balanced scorecard with

measurement areas for the four perspectives.

Financial
perspective

Revenue growth

)

Customer
perspective

Internal business
process perspective

Learning and growth

perspective Higher employee

competence

Higher employee
satisfaction
+)

Key (+) positive cause-and-effect relation

Figure5: Examplebalanced sorecard

Although the balanced scorecard is not used in its origioah in DREAM (mainly for the
lack of actual data for the general business performance categoriesugtemer perspective
andlearning and growth perspectiyethe approachd performance metrics explained in the
next section combines at least sorfieancialandinternal businesperspective measures.

3.3 Use case perspective: performance metrics

Thirdly, evaluation approaches for smart grid projects can apply performaretecs to

smart grid trials in order to determine their technical and business viability. As mentioned in
the introduction of this chapter, this technique allows for operational process monitoring

and control. Key performance indicators (KPIs) are oftelustry-specific. One weknown

set of KPIs for example comes from the supply chain management domain. The Gogiply
Operations ReferencModel (SCOR) describes standard supply chain processes, avlich
enrichedg A G K Kdzy RNBRa&a 27T tlaohediKPIs tabkbbiipkriogante | y R
measurement of the respectiv@ipply chairrelatedbusiness process¢SCC, 2012].

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 15
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In the smart grid domain, various reference KPI lists already exist a3mMeRREAM, we use

I aSa 27F &LISNF2NYI hé®EerfoManceldl hé BREAIME sol@iéhs. Tzl G S
reasoning behind these performance metrics and their descriptions can be found in the
deliverables of working package 6 (e.g. deliverable D 6.1).

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 16
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4 DREAMomprehensive evaluatiompproach
4.1 Overview

The Smart Gridrchitecture Model (SGAM) by CEXENELEETSI allows representing smart

ANAR aOSyINR2a AY | dzyA@SNREIFIE glLed LG Aa aAy
in an architectural viewpoint allowing it both specific but also neutral reigg solition and

0§ SOKY 2 2CENBLEERSI, 2012, p. 26].

SATFSNByYy G &l {shatgfidecriddos) use cdsds @speziffed by means of
the six Interoperability Lgers (Business, Function, Information, Communication, and
Componen}. The model father distinguishes fivdbomainsand sixZonesto describe the
scope and necessary elements of smart grid use c&sgsre6 shows the SGAM.

Business Objectives
Polit. / Regulat.. Framework

Business Layer

Function Layer

Interoperabilityj
Layers

Communication Layer

Component Layer

4 s/ =
Generation \ E ./Té -9

Transmission

| F 4 7
&.% il
Distribution -—
DER -
Domains Customer
Premises

Figure6: SGAMCENCENELEETSI, 2012, p. 30]

The evaluation approach chosen in DREAM chooses two main techniques which can be
assigned to the SGAM areas as showrFigure 7. The figure illustrates that the two
0§SOKYyAljdzSa d&. dzaAySaa az2RSt Fylrfearaed |yR a|
different dimensions of SGAM and therefore, taken together, provide adequate coverage
(breadth and depthjor a smart grid project evaluation.

TheBusiness Model analysisovers Business and Functibrieroperability Layeracross all
Domains whereas theUse Case analysigith performance metrics focuses on Distribution,
[White PapeilEconomic and Business Modeling of the DREAM Marketplace] 17
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DER, and Customer Premide@emains while considering the rest of thénteroperability

Layers
Business
Business Model analysis -
0 Function @ G
[N}
z /—
£
2
x Use Case analysis
o
o (performance metrics) B
[N}
'_
= Communication G Q
Component K /
. .. .. . Customer
Generation Transmission Distribution DER .
Premises
DOMAINS

ZONES: @ — Market o — Station
G — Enterprise o - Field
e — Operation o —Process

Figure7: Scope of DREAkbmprehensiveevaluation approachwithin SGAM framework

This document contains the actor business model analysis (Set@pnwhereas the use
case analysis with adequate performance metrics occurs in WP @idlriee summarized in

deliverableD 6.1.

[White PapetEconomic and Business Modeling of the DREAM Marketplace]
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4.2 Actor business modehnalysis

The relevant actors in the DREAM marketplace wetr@ducedin Sectior?. In line with this
overview thissectiondescribesS I OK I O 2NNa odzaiySaa Y2RSftY

1 Producer

TSO

DSO

Consumer, becomingProsumer

Supplier / BRP

(commercial) Aggregator

Trader

The following tables always compare tlaetor business models in théraditional and
DREAM market desigms depicted irFigurel and Figure2. For the sake of simplicity, some
of the business model blocks that are less relevant for our purposes (e.g., channels or
customer relationships) are deliberately lefit in most of the talkds

= =4 4 A4 A 1

Producer
Producer
Current situation
Customer - TSO (large producers) same
Segments| - DSO (smaller DG operators)

- Large industrial consumers (wholesale market)
- Supplier/BRRPwholesale market)

Value - Provide electricity (DSO, TSEupplier/BRR more precisely: | same plus in some cases
Propo - Generation of electricity for private and industrial consumer] provide electricity
sition? transmitted by TSO / DSO

- Sale of electricity capacities to market participants on both
wholesale and balancing market

- Sale ofexcess electricity (local situation) to DSO which then
can be transmitted to other distribution networks (via TSO)

- Direct (local) supply of electricity used-site (DG operators)

Revenue - Regulatedprices (longterm contracts) from TSO bungiss same

Streams - Market price for electricity (daghead, intraday; wholesale
market) received via electricity markets from buyeSsifpi-
er/BRR DSOs, Traders)

- Flexibility production (shosterm demand in a situation of
shortage; offered on balancing market)

- Direct electricity sales t8upplier/BRPmainly DG operators)

Key - Production plant same
Resources

7 Please note that for an easier understandiig t he actor $0 weusiomes s meas d diledlyt togéiherewjttheA c t i
fiVal ue P rinthesane YaluBropdsition sectiof iof f er xyorbyf doiimg xyw of or). enabling/ o

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 19
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Key See Value PropositioQ@peration and maintenance of large g same
Activities small power plant (coal/brown coabuclear, gas, hydroete
tric, thermal, PV/solar, wind, wave)
Key Part Partnerships with TSO / DSO (in some cases these areisull same
nerships aries of large power producers or the other way around)
Cost Costs for fuel acquisition (fos#ilel plants) same
Structure Connectioncharge/ use of system charge for electricity
transport (TSO)
Connectiorcharge/ use of system charge for electricity
transport and system services (DG operators pay thesegehd
es directly to DSO)
Costs for energy surplus (TS@gdaptation of energy genar
tion
Costs associated with the operation of electricity generatior
units (infrastructure, system operations, development,
maintenance etc.)
Organizational costs (personnel, general business costs et
TSO
TSO
Currentsituation
Customer | - Producers same
Segments| - DSO
- BRP / Supplier
Value - Hectricity delivery from Producer to DSO aBdpplier/BRPo same
Propo MV / LV networks (so that it can be used by @Guasumer)
sition - Operation of transmission grigpecific area) plus interconoe
tions to ensure that electricity flows from producer to DSO a
Supplier/BRP
- Distribution of (surplus) electricity among network of DSO
- Operation, maintenance and development of the grid (for all
market players) to medransmission demands of market pla
ers
- Operation of balancing markah order toprovide reserves for
shortterm demand forensuringreaktime grid stability
- Other system services such as reserve capacity, power qua
reactive power supply and blaclast capability
Revenue | - Connection / use of system charge for electricity transport | same
Streams (Producer)
- Imbalance charges for balancing market electricity (charged
Supplier/BRP
Key - Transmission systeequipment same
Resources
Key - See Value Proposition same
Activities
Key Part - Partnerships possible with Producer, DSGopplier/BRP same
nerships
Cost - (Lowest) commodity price on balancing market (shortageasit same plus possibility to buy

[White PapetEconomic and Business Modeling of the DREAM Marketplace]
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Structure tion) new balancing flexibility
- Infrastructure / system operations costs coming from the Aggrexy
- Organizationatosts (personnel, general business costs etc.)| tor.
DSO
DSO
Current situation
Customer| - t  NIIASa 0O2yySOGSRs-i same plus:
Segments tribution grid area: Consumer> Prosumer
a) Consumer (private and industrial); Aggregator
though with indirect relationship via
Supplier/BRP
b) Producer (mostly DG operators)
¢) TSO (in case ah imbalancg
Value Operation, maintenance and development| same plus:
Propo- of the distribution grid (in a specific area) ¢ checling of A 3 NB 3 I SiipgpITBRR &
sition well as its connections to the transmission flexibilitiesfor network constraintdefore
grid to meet distribution demands of ma they are released
ket players maximizing the utility of Agggaii 2 N &
Delivery of electricity on medium / low el { dzLJLJ A SNk . wt Qa Fft Si
age (more seldom also high voltage) distr the grid topology in an optimal way.
bution systems to end c@umers
Ensuring regional (longgrm) grid stability
as well as regional load balancing by sea
uring grid stability and managing specific
loads
Provide connectivity to low scale producer
at the distribution levebf renewables at
distribution level
Revenue Network use charges for electricity deliver, same plus:
Streams and system services (from Consumex; r DSO may take part of the benefits from

duced when Consumer allows load ma
agement)

Connection and (sometimes) use of syster
charge for electricity transport and system
services (DG opetars). But: Depends on
the market design and regulatory diffe
ences across European markets; forrexa
ple, feeders may not have to pay
Electricity price for surpluscompensation
electricity whid isrouted to other DSO in
adjacent cells via TSO

new flexibility balancing as opportunity fo

new revenue streamand/or lower costs:

Lower costs / better operational efficiency,

Better monitoring capabilities of the des

esconnected to the grid (even reéime).

¢CKA& SylofSaxy

a) better operatiors because of morenk
formation for example about failures
and necessary maintenance activitie
before new failures happereading
ultimately to bwer operation costs

b) possibiity to remotely manage grid
elements

¢) higher qualityof-service given that
the reaktime information can be
used;thereby omitting penalties,

which can increase profitability.

[White PapetEconomic and Business Modeling of the DREAM Marketplace]
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New revenues

a) New services tGupplier/BRBecause
of better consumption monitoring,
whichmay improve their market fa-
casting.

b) Higher network usage chaeg

c) Subsidieghowever, also Psumers
will often not have to pay system use
charges because of renewable siibs
dies reducing DSO income).

Key - Distribution system equipment and oper - Additional communication iinastructureto
Resources tions costs involve Aggregator
- Additional operation infrastructure to e
ble realtime operation.
Key - See Value Proposition - SeeValue Proposition
Activities
Key Part - Partnerships possible with TSO (featter - Same, plus:
nerships handling of surplus electricity) and D@-0 - The DSO may also take over the role gf A
erators gregator depending on the market design
- Supplier/BRREelivering the customers in and incentives
the owned network area - In any case, collaboration with Aggregato
needs to beclose and supported by nde
ern ICT to enable (neamealtime infor-
mation exchange.
Cost - Investment and depreciation costs intne - Same, plus:
Structure work infrastructure - New costghroughinevitableinfrastructure

- Network operation costs (personnel, bl
ings, etc.)

- Transmission costs for selling surpluscele
tricity (paid to TSO)

- Market price for bought capacities (wieal
sale market)

- Organizational costs (personnel, general
business costs etc.)

investmentsx S®3d Ay Gay
additional sensors and communicatior-d
vices with Aggregators

related to operation monitoring

, must be compensated by

Rising infrastructure investment, depreaei
tion, and maintenance costs because of
additionalsensors and communicatiored
vices with Aggregatorilso higher oper-
tions monitoring costs.

But: buying flexibility services from thegA
gregator can be an alternative to intes
ments into grid infrastructure (a majoda

vantage of the DREAM market design)

Consumer / Prosumer

Consumer / Prosumer

Current situation

Customer | - --- - Aggregator (and thereby either DSO or Sipy

Segments er/BRP depending on who owns the Aggreg
tor)

Value - 550t I NBR Ff SEAGAfAGER

Propo- RSOAOSa¢ k¢ T A aailaobke flek G

[White PapetEconomic and Business Modeling of the DREAM Marketplace]
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sition bility bids are provided to Aggregator, thereb
becoming part of the local (day
ahead/intraday as well as balancing) electric
markets
Services that allow the Aggregator to affect
dza SND&a 02y a donisidrdge of k 3
electricity according to declared flexibility
Channels --- Flexibility distribution to market vieSuppi-
er/BRPor Aggregator as intermediaries; neg
tiates degree of flexibility beforehand
Cust. Rel. Change of contract between Consumer and
Supplier/BRRif Consumer becomes Prosume
and Supplier/BRRs also the Aggregator or
new type of contracts between Prosumer an
Aggregator)
Revenue None for retail consumers Electricity price in case of flexibility conspm
Streams G{FQAy3aé LI2aéBIgaala l tion, e.g. sale of seljenerated electricity @
consumption by large industrial ne lar panels etc.) té\ggregator or management
sumers; may save purchase and sales of heat pump
costsviaom A i S 02y adzY LJ Large industrial customers with own geaer
revenue stream) tion units may also sell surplus electricity to
Aggregator
Incentives from other market participants
(DSO, Supplier/BRP) for provision of flexibilit
/ surplus electricity
Key Devices that are flexible in electricity Devices for electricity consyma
Resources consumption/generation/storage (that tion/generation/storage withability to de-
are not used in this case) clare his electricity consupa
tion/generation/storage flexibility pofile
Key Indication of preferences regarding flexible
Activities device management in interaction with Aggr
gator; should require as little involvement as
possible (but may depend on Prosumer iinot
vation)
Key Part Usually only direct contact wittSuppi- Partnerships with Aggregator (DSOSuppi-
nerships er/BRP(which customers are free to er/BRPalso possible but unlikely) in order to
choose in liberalized markets) automatically provide flexibilities
Large industrial consumers may partne
with DG operators (Producer) for egite
consumption (see above)
Cost Retail electricity price (DSGuppi- Same, plus:
Structure er/BRP) Acquisition and; if applicableg maintenance
Network / system costs (typically inclu costs for flexibility devices and smart meter
ed in utility bill) (thoughsmart meterand maintenanceare

Transaction costs (finding the rigl&p-
plier/BRPetc.)

likely to be provided by Aggregat@uppi-
er/BRR or DSO).

Depending on market design, maybe coone
tion or use charge for feeding surplus energy
into the grid (though this market design woul
obviously diminish the attractiveness oé-b

coming Prosumer).

[White PapetEconomic and Business Modeling of the DREAM Marketplace]
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- Maybe costs for acquisition of additional ene
gy management services which are enabled
better market foreasting (provided from g«

gregator,Supplier/BRPor DSO).

Supplier / BRP

Supplier / BRP

* Please note that in practice, the Supply/BRP role may often be taken over by the DSO as well. In our g
however, we describe these roles separately for the sake of ckuithhermore, he may be the same as the
Aggregator, which is treated as amarate role here for the same reason.

Current situation

Customer
Segments

Consumer
Wholesale market participants

- Same, butProsumer (instead of Consumer)

Value
Propo
sition

Suppliers are mainly responsible for
providing retailconsumers (private
households) with electricity

BRP: ensuring the balance (equality ¢
projected consumption and contracte
available supply) in hizalancearea of
consumers. BRPfimancially liable ¢-
wards the TSO to ensure this balance
Additionallyserves as a thirgharty
trader when selling surplus electricity
on the wholesale market (e.g. when
the longterm contracted amount of
electricity exceeds the shoterm
forecasts)

same

Channels

Direct contractual relationship with
consumers and DS®ypplies his co-
sumers through DSO network
Participationon wholesale market

same

Revenue
Streams

Electricity price (from retail congo
ers) plus margin

Possibly revenue from trading elecfrig
ty at market price on wholesale markg
due to favorable marketevelopment
in comparison to longeterm can-
tracts (from otherSupplieeBRR)

same

Key
Resources

Personnel costs

same

Key
Activities

C2NBOlFadGAy3d Kraa (
consumption and contracting/buying
the required amount of electricity on
the wholesale market to ensure ba
ancein the balancerea

Maintaining relationships with ae
sumers and DSO

- Same, plus: Maintaining and operating smart
meter and intelligence flexibility devidefra-
structure

Key Part
nerships

DSO becaussupplier/BRRisesthe
5{ hQa RAAaGNROG dziiy 2

- Same, plus:
- Prosumersand/or Aggregators

[White PapetEconomic and Business Modeling of the DREAM Marketplace]
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ing his consumers
- Reasonable to partner with Producer
to be able to reduce purchasing and
transport costs
- Wholesale market participants, to
whom and from whom thé&uppi-
er/BRPbuys and sells electricity
Cost - Imbalance charges on the balancing Market price for electricity (bought on electricit
Structure market if announced schedule could wholesale market from Producers, Traders or
not be established in his market ba Aggregators)
ance area (paid to TSO) Intelligence flexibility devicanfrastructure and
- Market price for electricity (bought on maintenancecosts.
electricity wholesale market from B+ Lower imbalance charges on the balancing-ma
ducers or Traders) ket if Supplier/BRP is better able to forecast al
- Electricity price from power producer manage his portfolio on basis of flexibilities-a
(smaller DG operators) quired from customers (through Aggregator or
- Network usage fee collected as part g in his role as Aggregator)
utility bill from consumers to be paid Possibly costs for advanced foasting services
to DSO if the DSO is able to provide advanced +éale
- Meter infrastructure and maintenance data or added value services.
costs. A whether the Supplier/BRP considers buying
- Organizational costs (personnel,ge new flexibility from the Aggregator depends on
eralbusiness costs for other custome multiple external factors as well:
services, usually no network egui - 1)onthe price level of the fieibilitiesin
ment costs) comparison to the regular market paat
this point in time;

- 2)on the way how imbalance prices are-d
termined in different markets (e.g. in diffe
ent European countrie8) This determines
how high the incentive for BRPs generally i
to optimize their portfolio. Thus, it will also
impact their motivation to engage in new
flexibility models as the ones proposed in
DREAM.

Aggregator
AggregatoP
Current
situation
Customer | - nocurrent | - DSO
Segments situation, - Supplier/BRP

8 See[Van der Veen et al2010] for an analysis of the consequences of different imbalance market designs for DSO incentives.

9 see [Trygg et al., 2012] for a more d&dianalysis of the Aggregator business model.

[White PapetEconomic and Business Modeling of the DREAM Marketplace]
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new role/
actor

Wholesale market
Prosumer

Value
Propo-
sition

[Key Activity:]Collect flexibilities from Prosumers and make them availa
to local distribution netvork and overall wholesale markefor optimized
network managementBased on this, actespecific value propositions:

a) To Supplier/BRRlexibility offeredas means to optimize their portfoli
for balancing in their aregbetter forecastingbecause ofbetter load
manageability to minimize imbalance settlement costs)

b) To DSOflexibility offeredfor new short-term balancingto solve co-
straints in the distribution grid

c) To Prosumer (potentially): possibility tdfer his energy to the market
maybe also provide adddnal energy mangement services to thg
Prosumer ¢.g. manage his manageable grid devices according ta-s|
fied preferencey

Revenue
Streams

Income from Supplier/BRP and wholesale marlgtce for aggregated &
clared) flexibilities offered to electricity market and to Supplier/BRP
Income from DSPrice for shorterm balancing flexibilities offered tbSO
Income from Rosumer (potentially): service management fee from id
tional energy management services (viilen most likely be offset againg
flexibility acquisition costs)

Key
Resources

L/ ¢ O2yySOGAz2Yy (2thamiiagedb3d¥dmedeRrcs 1
energy boxestechnical support knowledge

System for (near redalme) load control managemerand bidding including
interfaces

If Aggregator offers additional energy management services to Prosume
operation of Prosumer information / energy management system

Key
Activities

Acquire customers to participate in flexibility aggation, e.gwith different
engagement levels for load management which are increasingly attracti
customers (lower energy prices for less power over devices; slightly h
prices when the flexibility offered is low)

Installmentand operationof necessary smart gtering, intelligence flexibi
ity device,andother ICT equipment

Actual geration ofaggregation /GVPP functionalityalgorithm provsion,
ICTplatforms management, calculatingnd managindoads and flexibilities
calculating Prosumecompensation and carrying out the reimbursemg
operation ofthe technical interfaces and near retine communicationca-
pability to DSO taenable his checks for technical constraints

Key Part
nerships

See Customer Segmen@ussmart grid devicé equipmentmanufacturers

Cost
Structure

Acquisition and maintenance cost fantelligent flexibility devices for
Prosumers0

Operation cost for VPP / aggregation functionalitapital costs from IC
operations anddirect and indirecpersonnelcosts
ALNRTFAGIEOAEAGE 2F GKS | 33INBIF G2
the revenues from flexibility amounts * flexibility prices for wholesaler
kets minus his operational costs from aggregation (+ discounted cos

07rhe Aintelligent

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 26
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| equipment)

Trader
Trader
Current situation

Customer | - Electricity wholesale market participants same
Segments
Value Supply of electricity on the wholesale market; operates as| same
Propo market maker (connecting supply & demand)
sition
Revenue Wholesaleelectricity price; trading revenues generated fror same
Streams spreads or market imbalances (from all selling / buying pa

ties in the commodity market)
Key Personnel same
Resources Wholesale market connection
Key See Value Proposition same
Activities
Key Part Market operators same
nerships
Cost Electricity wholesale price same
Structure Organizational costs (personnel, general business costs e

4.3 Use case performance metric evaluation

As mentioned aboveDREAM develops solutions for heterogenesuosart distribution grid

use cases (in WPs¢4), which are then tested in field trials (in WPsg 9). Because of the

heterogeneity of these use cases, DREAM mainly focuses on the individual use case

perspective by means of performance metric evaluatidifeedevelopment of performance

metrics and their application to the field trial WPs occurs in WP 6 and is described in

Deliverable D 6.and the following WP 6 outcomes.

[White PapetEconomic and Business Modeling of the DREAM Marketplace]
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5 Conclusion

This White Paper summarized possible business and economic evalagipwoaches for

smart grid projects and explained the DREAM evaluation methodology. It explained the
5w9!a FOG2NAQ odzaAySaa Y2RSfta Ay GKS Llad |
KAIKEAIKG GKS OKFy3aSa Ay (KS IsteansNd@a | Ol A &
conceptual perspective.

Future activities in the project focus on the second part of the evaluation activities, which
coversthe use case level of analysis. Details on the appraisal prooesieeeloped in Work
Package 6 and published imetpublic @liverables D 6.1 (M24August 201pand D 6.2 (M36
August 2015

[White PapetEconomic and Business Modeling of the DREAM Marketplace] 28
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