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1 Executive Summary

Projects concerning the performance of distribution grids are gaining importance in Europe. The
integration of decentralized renewable energy sources in th&idigion grid means not only new

needs for regulatorgircumstances but also for technical adaptations of the gnd of the grid users
actingasconsumers, eitheproducers or prosumersHowever, projects on the distribution grid like

Net2DG have to be analysed concerning their profitability for the stakeholders and their economic
impact. This task appears to be difficult, as profits and costs cannot be seen on the first attempt. To

geta full assessment of all benefitsand coststhat e part of Ncestb2refitanalysr ospec
(CBAJor the individual, relevant stakeholders have to be conducted. These can be merged in the end

to do a customebenefitanalysis thatcts asasumary f or Net 2DG' s prospect
customers.

In the literature regarding smart grid projects in general, there are mainly two different approaches
for Distribution Systems Operators (DS@sjlo a CBA, the Electric Power Research Institugéhbt

(EPRI, 201®nd the Joint Reearch Center Metho{Giordano et al., 2012)he EPRI method was the

first stepby-step approach developed. As an advancement, the JRC method can be seen as an
adjustment of the EPRI method to fit on the European market.

The development o&n adjusted concept foromducting the CBA as part of the Net2DG projsdhe

main background why it is important to explain the two methods in detédwever, he adjusted

approach will be mainly based on the JRC method following the suggestes) asepp incorporates

more exensive and useful steps for Net2Dthe choice of relevant useasess conducted as a first

part. After this the concepiincorporates a useasespecificcosbenef it anal ysi s f ol |l o
Robustnesand plausibility checkare planned to be grformed after the individual CBAs finish.

The developed concept yields a good estimation of benefits and costs, and therefore of the profitability

of Net2DG. This information can be used to provide convincing arguments for implementing the
proposed syste. However, ice thisd e | i v dapiaibohlyetd define an approach for the CBA, an
application will not take place yeflsothis deliverable gives an outlookbfow and when t he
concept will be applied inhie later stage of Net2DQ hereforewe conclude the deliverable with a
proposition of a time table for the first iteration of the CBA
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2 Introduction

The purpose of this deliverable is threefold:
(1) Chapter3 definesthe aim of the cosbenefit analysis in the context of the Net2DG project.
(2) We give insigltabout the prominent methods in literature applied smart grid applications
in chapter4. Hereby, weefer tofocus ontwo relevant methods developed the US4.1) and
Europe(4.2). These methods are describéa a stepby-step approach in order to ensure
applicability in the Net2DG projedalVe provide a comparison didse two methods isection
4.3. An exampldor the application of the JRC methodsection4.4 concludes thichapter.
(3) Basedbn the results of chaptet, we describe thenethod of thecostbenefit analysi€hosen
for Net2DGn chapter5.
Overall, this deliverable marks the cdmtnefit analysis conducted in the Net2DG project.

3 Aim of a Cost-Benefit Analysis

In this context, acostbenefit analysis (CBA) is an analytical tool for the assessment of economic
advantages and disadvantages srh@rt) grid projects that result in a welfare char(@artori and EC,

2015)We | f are changes are i mportant to measur-e in t
used metric in electricity markets, as it describes the producers and consumers perspective. The
definition of sociawe | f are i s the sum of gross c dWikmsner s’ S
2004) The gridas part of the project hsto be defined asall infrastructure and devices tha&ither

directly interact with each other or indirecty i nf Il uence t he prbucarcsti’ s att

be accounted as part of Net2DEhis means on the opposite, that the usage of devices that have an
impact on the grid, but cannot be accounted, is not included in the CBA. An example for this is
prosumeractivity. Since this aspect has an impact on the grid operation, but cannot berdeddor

as part of the project, it would not be relevant. (See project vs. baseline condittonbuld cancel

out).

CBAsoffer a transparent way to provide a consistent and profound quantificatiom pfr oj ect ' s
prospects. The chosen CBA can be flexddjysted to changd circumstances of the project, as it is

based on a general structure that has been applied in different undertakings.

4 Methods of Cost-Benefit Analysis in the Literature

Mainly two methods for conducting a CBA are most prominent initeeature. The first one is the
Electric Power Research Institute meth@PRI, 2010%ince it was originally developed in the W&
mainly applied t)American projects. The US Department of Energy, for example, chose the guideline
as a basis for their demonstration projects in the ®xh of renewable and distributed systems
integration. In order to better fit the EPRI method to European projects, the second method, the Joint
Research Centre Method, was develop@iordano et al., 2012)The basic concepts of the two
methods are coherent. HowevelRC adds some further steps in their CBA framework and als@ make
some improvements.
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4.1 Electric Power Research Institute Method z EPRI(EPRI, 2010)

EPRI introduces step-by-step framework for conducting a CBPhe basic goalfahe method is to
provide the firststandardized approach fastimating costs and benefits for (smart) grid projefoten

a DSO’' s pThe mgiceconteptonsists otthree steps: The general characterization of the
project, the estimation of benefitsand finally the comparison of costs and benefits. In tegtrpart,
these three major steps are explained in detail.

4.1.1 Characterizing the Project
The CBA stastby athree step approach, from revision, to identification towards an assessment.

SteplwS@AaAirzy 2F (KS LINRP2SOGQa (SOKy2f23ASakStSyYSy
The first step in the EPRiethod is the description of all technological elementaissetghat are used

in the newprojectand cl early are accountabl e to.Obthe rel eve
one hand, hese technological elementfike devies (e.g. new meters or cable installations), may be

provided by the DS@n the other hand, the DSO may conclaedatracts with third partie$or services

(e.g. datgproviderssuch as measurements by smart PV invertéo).the sake of simplicity, thircapty

services are included as elements in the project. psdormanceof t he projusualy’ s el e
can be quantified with some metrics. Consequently, the first step conshwith an enumeration of

all elements, its performance goaénd the metris associated.

Step 2:ldentification of functions provided by the project

The technological assets of the grid fulfill a specific function in the grid. The secorttiestefore is

to link the technological elements or assets from the first step to thaiction in the network. Also
public policies thatare implemented and affecthese functions may be considered in this
identification. An example would be a different consumer behavior because of policies concerning
demand response.

Step 3:Assessmentf grid characteristics

The grid under consideratioaoffers different principal characteristics. These general characteristics
can be chosen from a commonly agreaudl list for smart gridslike inEC Task Force for Smart Grids
(2010)or individually. Afterwards, metrics regarding these characteristics are drawexample for
Net2DG would be the function adentifyingdisturbances and the consequently reduced outages of
the grid.This function could be linked to the metric of numbeiootages, whiclis the corresponding
measurementThus, the characterization of the project ends with a complete descriptiati assets,

its functions and the assessment of the propogeidl.

4.1.2 Estimate the Benefits

The main part of a CBA is the estimation of bendift®rder to provide this estimation, the previously
defined functions and grid characteristics are going édibked to specific benefits. Afterwards, the
benefits following the product implementation are quantified and monetized.

Step 1:Map functions to benefits

In a first step, the benefits of the proposedoject are qualified and quantifiedA default list of grid
benefits with classification can be found in tleerrespondingpart of EPRI(2010) The already
identified functions of the proposed gr{chcluding the changes due to the projeatk linked to these
benefits. A table can be used, as many benefits are linked taeltféunctions
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Step 2:Establish project baselines

In the second step of the estimation of benefits, a determinatioa dfiseline state that reflects the
system conditiorin terms of functionalities, costs and benefitéthout the projectis conducted A
comparison to the conditiong/ith the project s at tan bebdane ® sbtain changes in benefits
between the baseline and theew system.

Step 3:dentification of needs for data and quantification of economic benefits

The parameters neded to quantify and monetize benefits of the project have to be based on obtained
data from the project realizatiomAssets and functions of the proposgddgrid usually offe this data

to identify a clear relevant progress. This progress then caexXmpgessedin terms of economic
benefits.Some general approximating formuta the quantification of benefitmay not be sufficient.

Step 4:Quantification of other benefits

Besides economic benefits that can easily be calculated in monetary units, rifeey exist relevant
technical or environmental benefits without a given quantification schehere exist iferent ways
to monetize these benefitand include them in the analysis. Thegn be foundn aliterature review
or surveys

Step 5:Monetisaion of benefits

Economicestimationscan be used to monetize technical and other benefits that are usually not
calculated with monetary unitdExamples would be the monetisation of increased reliability or the
reduction ofexternal costge.g. from pollution) by the transition towards renewable energyosts of
externalitiescan be various, which means parts of it have to be estimated to assess the environmental
impact of a grid project like Net2DG.

4.1.3 Comparison of Costs and Benefits

Stepl: Estimation of costs

The first step of the codtenefitcomparison is the identification and estimation of cosI®st data
coming from implementing the project has to be distinguished from costs that would occur in the
baseline scenario without therpposed grid infrastructure to enable a clear identification. In addition
to that, operational, maintenancand capital costs have to be regarded. Atsists directlyconnected

to the project administrationare relevant.lt is useful to arrange the costs atemporal order of
incurrence.

Step 2:Comparison of costs and benefits

There exist different ways of comparing the existing costs and beng&fiisse range from annual
comparisons or cumulative comparisons to the calculation of net present values or the berufit
ratio. Exact approaches and exampégmincan be found irGGiordano et al(2012)

4.2 Joint Research CentreMethod z JRQGiordano et al., 2012)

The JRC methb was usedin InovGrid project (EDP Distribuicdo, 2019r InspireGridproject

(InspreGrid, 2013¥or example The JRC methad basedon the EPRI methadlhe intention of this
method is to addelevant detailsand includetypicalmarketcharacteristicsn regard of theapplication

to the European market. Therefore, major details ammilar to the EPRI method\n overview over
the general approach and its components can be seen in figure 1.
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Characterise the Project

STEP 1 : Review and describe
technologies, elements and goals of the
project

A4

STEP 2 : Map assets onto functionalities

l """""""""""" Estimate Benefits I
STEP 3 : Map functionalities onto
benefits

4
STEP 4 : Establish the baseline

4

STEP 5 : Monetise benefits and identify
beneficiaries

l Compare Costs and Benefits

STEP 6 : Quantify costs
A 4

STEP 7 : Compare costs and benefits

Figurel: Work flow following the steps

4.2.1 Definition of Boundary Conditions

The JRC method starts with the definitiortoh e  p rfranjewocktcongitionsThis input is relevant
for the later definition of benefits and costBirstly, we have to anatg discount rates The discount
rate isnecessary to assess the time value of future castrevenues. In addition,the time horizon is
relevant for the time value of costs and benefits. It is a definitibhaw long costs and benefits will
occur. Usually the time horizon ranges from 20 to 30 years for projects on the distribution grid level.
In addition to the definition otime aspectsrelevantgeneral economic developents have to be
identified. An example for this is the growth of demand for electrioitthe deployment of renewable
energy sourcesSince the Net2DG project is concerning the distribution grid, the ipptameters in
terms of boundary conditions can be limited to the size of the relevant netwddk&SOs should be
aware of the boundary conditions within their network for the shtatm future. Thereforeno whole
assessment ahe energy markeprocessess necessary

The next aspect is the schedule of implementation of the project. Macroeconomic parameters may
change with the time of implementation, such as inflation and energy prices, tAksgpatial extent

of the project has an influencendhese parametersEspecially the size of the project and its possible
impact on relevant market aspects like prices is relev@he boundary conditions include the choice

of technology parameters, e.g. communication technology or automation systenwmpacison of
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different technology options can be done in terms of costs. Basically, the choice of all technological
aspects has to be wethown on this step of the CBA.

4.2.2 Cost-Benefit Analysis

After the boundary conditions to the project are defined, theACGHn be conducted. The sequence of
steps issimilar to the EPRI method.

Step 1:Revision and description of technologies, elements and.goals

The first step of the CBprocedure is the overall description of the technologies and the grid
characteristics. This includehe scale of the project, the engineering featurahge relevant
stakeholders and the regulatory contextarporatingthe goal of the project

Step 2:0verview over all assets used in the project

The second step has toguide an overview over all technological assétsseassetsare used in the
proposed grid (with an implemented project)and include technological devices with critical
functionality as well as information systems used for the proj@te overview has to provide a
detailed description of the grid itself including the assets.

Step 3:Assessment of functionalities and resulting benefits

First, the assets’ f un ¢ just dke anl thet EPRI anethio@here thet o
formulation of possible benefits has to be conductddhe determined functionalities of the assets are
linked tothesebenefits. One may consider aspects like meability, applicability and morezation

of the benefitsalready

Step 4:Establishindaselineand project conditions

The next step after the identification of functionalities afir benefits is the definition o& control

state that reflects the system condition without the project (maybe a counterfactual status). A
comparison o the project sgtem condition has to belone, e.g. the treated systeniThe relevant
changes indued by the scenario are obtained and can later be used to clearly identify the costs and
benefits.

Step 5:Monetizingof benefits and beneficiaries.

For eaclpreviouslyidentified benefit and baseline condition, the relevant data has to be collected and
reconditioned. Which metric does influence the baseline conditions? A possible sequedentified
benefit- baseline statusjuo - metrics used for describing the ladige vs.new condition by project
metrics used to quantify benefitsThe used metrics have to bmonetized this includes the
identification of beneficiaries and thinpacts of uncertainty A possible approach for the whole
process of monetizing beneditof an asset can be seen in figuret&king smart metering as an
illustrative exampleThus, a comparison between baseline scenario and implementation takes place
and the differences between the two states are formulated as benefits with a monetizeicmetr

Assets EL :f_‘,» Functionalities EL Benefits C Monetary Value
- Remote
- Smart Meter management of ) REdUFEd meter - million/year
meters reading cost

Figure2: Possiblemappings in theanalysis
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Step 6:ldentification and monetation of costs

In order to conduct a CBA, also the costs have to be identifiedliatetl. This againincludes
implementation costs of theroject in the analyzed timeframeunning costs, capital costs and project
costs Costeffectiveness can be reviewed on this stage.

Step 7:Comparison of costs and benefits

The last step of the CBA involves the comparison of the defined costs andtqeofiefn on an annual
basis Alsq cumulative comparisons towards the enfithe timeframe can be donesawell as a net
present value calculatiodepending on the timeframe of decisions.

4.2.3 Sensitivity Analysis

In addition to the pure CBA, JRC suggestsotaluct a sensitivity analysisr relevant parameters
Usually, a long timeframe is considered in the CBA analjismeans that any \ariables are based
on forecasts or scenarioshdrefore the sensitivity for those variables has to be analywéttiin the
sensitivity analysisBasically, thahreshold of variables leading to a positive outcome should be
determined. Possible aspectgor sensitivityare demand growth, losses due to transmission and
distribution, share of renewable generatiothe estimaion of lost load and noisupplied minutes or
the discount rate used.

4.2.4 Qualitative Impact Analysis

Finally, also qualitative aspects may not be ignored within the JRC m&hoidl impacts caexceed

t he pr oj ect bedifficult to guantifio Exangles are possible job creation or kndww

extensions. Nevertheless, they should also be included in the TBAp oj ect ' s contrib
different policy objectives can be drawn and quantified to a certain extent. 8o pkrformance

indicators forsocial impact can be definest derivedf r om t he [ iterature and th
these can be analysetllonmonetary impacts on society should be expressed as physical-uags

much as possible. tfiat isimpossible a detailed description of thexpected impacts is sufficient.

4.3 Methods of CBA inComparison

Joint Research Center method can be seen as an advancement of the Electric Power Research Institute
method. It was developed to fit the EPRI method to the European context bétterfollowingable
gives an overview over the relevant steps in both methods and examples for needed data.

EPRI JRC Data needed for the CBA

- General lobundary conditions | Discount rates, time horizof
economic scenarios
parameters grid data

Technological assets]ements| Technological assets, elemer Technological parameters

and goals and goals guantity of used assetsystem
components

Functions and functionalities | Functions and functionalities | -
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Grid characteristics an| - Gridcharacteristiddata
resulting metrices
Mapping of functions an¢ Mapping of functions anq Reduced outages, informatio

benefits benefits transmission time
improvement, relevant cos
reductions

Baseline scenarios Baseline scenarios Usual (screened)  outag

number, outage costs, time
needed for identification
Projectconditionscenarios Project conditiorscenarios Foreseen outage numbe
outage costs, time needed f
identification

Cost estimation Cost estimation Implementation costs, runnin
costs, project costs, cagplt
costs

Comparison of costs an Comparison of costs an -
benefits benefits
- Assessment of qualitativi Possible pollution reductiol
impact: quantification of non| necessary  employment
monetary units employment reduction

- Sensitivity analysis Scenario  data:  prosume
development, network inputs

Tablel: Overview of CBA aspects and needed data

Since the JRC method modifies and adds some aspects to the EPRI method, a higher demand for data
maybe the consequence

4.4 Inovgrid (EDP Distribuicdo, 2017) as an Example of a CBAFollowing the JRC
Method

The Inovgrid projedtEDP Distibui¢do, 2017)s a project that performed a CBA following the steps of
the JRC method. Its basic goasto usemulti-purposeEDP boxeEBswith an Automated Meter
Management(AMM) standard irstead ofconventional electromechanicateters.The EBs wrk as a
gateway to energy management and still include the functions of smart meters. In a Home Area
Network, they can interact with other devices locallpformation from these EBs then can be
automatically collected and redirected to the upstream systéa local control equipmeninovgrid is

a useful example for the application of a CBA, since it is also concerning the distribution grid in the
context ofautomationsmart grid aspectdn the following, a CBA is conducted for the Inovgrid as an
example The figures are taken froffGGiordano et al., 2012)

Step 12: Revision and description of technologies, elements and g@alsrview over all assets used
in the project
First the relevant devices are summarized. In this dasexample

- EDP Boxes (EBggvices to be installed at consumers/producers to gather information

- Distribution Transformer Controller (DT&)ntrol equipment to be installed in transformers

- Grids/Communicationgquipment for information transmission

- Information Systemssystem formanagement and central data processing
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Infrastructure

Device that includes a measurement module, contral

EDP Box (EB) | maodule and communication madule and which is installed
at the consumer/producer site.
Communication and control module that allows reading
HAN Module of the records of the local EB (e.g. consumption, power
consumption profile, historical events, quality of service) by
connecting to other devices.
Local control equipment will be installed in distribution
Distribution transformer stations, the main compaonents being
Transformer a measurernent module, a control module and a
Controller communication module. lts main functions are: collecting
(OTC) data from the EB and MVJLV substation, data analysis
functions and grid monitaring.
DTC Cell Module that enables the turning on and off remotely or
Module locally of the various independent circuits of the MV/LV
(Distribution substation. This is a critical component for Distribution
Automation) Autormation for providing new functionalities like remote
management and automatic network reconfiguration.
DTC Power Module that allows the recording and reporting of the
Quality quality characteristic values of the wave voltage (root mean
Module square value, flicker, voltage dips, harmonics), providing

information and generating alarm events.

Figure3: Exemplary overviewof devices in InovGrid

Step3: Assessment of functionalities and resulting benefits
Therelevant devices are now linked to its functionalities, as seen in figure 4.

EOF Box
HAN Module

FUNCTIONALITIES

ntegrate users with

Ot eQuirements

Empuring netwerk security

nancing ethieianty in day.te
wystem control and quality of | of hutur

day grid operation

9

Mote diret imvo'vement of
corsamens In thair energy
usage

Oistrsation L= lor (OTC)

.
.
.
.
+ B
LR

DTC Coll Modude

DTC Power Quality Moduls

.
Meter (MOM) . R B . . . . . .
Enargy Data Managemen (E0M) K b 1
050 Web Portal . . R . . .
up Modd o| o] o] o] . .
Mater Assot Management (MAM) . .
o o] o] e|elo]e ERE .« e

Distrisction Management System (DMS)

Figured: Exemplary mapping of aets and functionalities

After the functionalities are defined, a similar approach has to be
functionalities are now linked to benefits, as seen in figure 5.

done for the beng&fits.
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E FUNCTIONALITIES

BENEFITS

2 ala|s(elr 8 0 t0]1n[12]93]sa]15 1697 18] 19 |20|21|22[23/ 24252627 | 28| 29|30 31| ;2
An example for the mapping of functi onalciotsite s an

is Ilinked to the functionalitiamdsehhanhegngtef fise
daytooday gri d. operation’

Reduced CO; Emissions
Reduced SOx, NOx, and PM-10 Emissicns
Reduced Of Usage

Reduced Wide-scale Blackouts

Figure5: Exemplary mapping of functionalities and benefits

Step 4:Establishindaseline and project conditions.

In this step, the baseline scenario for the Inovgrid project is defined. In order to do so, historical data
was used tdorm a baseline condition for each benefit, as seen in figure 6. As a comparison, the project
condition is drawn either by historical #aor forecasts

BENEFIT A: BASELINE METRICS USED* B: ESTIMATED/REALISED METRICS USED*
CONDITION CONDITION (InovGrid)
(Bau)
Reduced Meter  Cost with local - Meter reading cost/ Reduced cost of obtaining - Communications
Reading Cost meter readings client/year (H) local ‘disperse’ readings success rate (H)
- Number of LV clients  (i.e. readings from - % of customers unable
(H) clients without smart to use EDP Box (F)
- Inflation rate (F) meters or experiencing - Cost of ‘disperse’ local
communication failures): readings

with InovGrid infrastructure,
only clients who are unable
to use the EDP Box and
those who experience
communications failure will
require local meter-reading
services

Figure6: Exemplary comparison of baseline and project condition for a benefit
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The benefit of reducing meter reading costs can be projected with the metrics of standard reading
costs, the number of clients anhe inflation rate, that was defined as a part of the boundary
conditions. In contrast, the reduction of metering costs can be measured by the communication
success rate, the number of clients unable to use the new functionalities and the costs of addition
metering.

Step 5:Monetizingbenefits and beneficiaries
The quantified benefits from the previous step can be monetizedalsgandard formula. Some
examples for the Inovgrid project can be seen infiilwing:

- The reduced maintenance costsd#vices
WOABQ 00l 'Qé)bjc‘l'ﬂd WO EQE 0 Q& wQIp i
O DOOI0Rd VO L&H0E 0 Q& Tl od A |
- Deferred distribution apacity investments due to ass&muneration
N - .0
WOAOQ 0¢ & 6AMNE VLQI OAE'DMENON Ol DU QTR W W6 (0,
nor [} W Q8-
Z"Y'QAN "QQIZIYOR 0 ¢ Qi IOOEXEE 0 Qi 0 a Q¢ 0O
Step 6:ldentification andnonetizationof costs
Relevant costs werdetermined via a marketonsultationwith the relevant actorsThe results from

this consultation were used to generate estimates of costs of action for a smart grid pjachples
were the osts of smart meters, a telecommunication system, etc.

Step 7:Comparison of costs and benefits

The comparison of costs amknefits can be adjusted. An example for one calculation is the annual
comparison of costs and benefits, as seen in figure 7.

Benefits

H B B B R EE
Costs

13 o4 2 046 M7 MHMR 2019 R0 N1 2022 2023 XR4 2025 2026 2027 MRE 2% 203D
® CAPEX u O BEMFFITS AVOHDED INVESTMENT N CONVENTIONA MFTEARS

Figure7: Exemplary comparison of costs and benefitannual comparison

5 Cost-benefit Analysis for the Net2DG Project

Net 2DG" s CBA approach will be defined bxyasdashree p
for the CBAas part of the definition of the projeciAfterwardsas a second partor each of these use
cases, an individual CBA will be domeh i s i ndi vi dual CBA will i n bas

method and is completed by the option of mapping the tseses in the end, if necessafs a last
part, robustness and plausibility checks will be performidthe following, the complete adjusted
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approach for Net2DG will be explained in detaihis approach will be done in different iterations
depending on lte beneficiary. The firsteration (2019)wi | | cover t hewhleSHes'’ per
second iteration (2020) will complete the CBA for other relevant stakeholders

Figure8 provides an overview of the whole approach that we conceptualized for Net2DG, starting with

the definition of the use cases, the use case specific CBA and ending with the robustness and
plaushility check.
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{ Definition of the Use Case

Use Case

p
Use case specific Cost-Benefit-Analysis

Functionalities of Smart Distribution
Grids

Functionalities of Smart Metering

Benefits and KPI

AN

—>

\ 4

|

Step 1: Revision and description of
technologies, elements and goals

\ 4

[s

tep 2: Overview over all assets used in th
Net2DG project

]

\ 4

-

Step 3: Assessment
resulting

of functionalities and
benefits

~

A

4

Step 4: Establishing
cond

baseline and project
itions

~

A

4

[

Step 5: Monetizing of benefits and
beneficiaries.

A

4

Step 6: Identification

and monetisation of

costs.

A

h.

Step 7: Comparison of costs and benefits.

J

"

J
L 4 ™
Robustness and plausibility check
Sensitivity analysis
Y
[ Qualitative impact analysis ]
J

Figure8: CBA method for Net2DG
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5.1 Definition of Net2DG: Choice ofRelevant Use-Cases

The first step in the CBA for Net2DG is the choice of relevartases Thefollowing usecasesvere
agreed on to be in focus
1. FM1: Outage Detection
FM-2: Outage Diagnosis
FM-3: Preventive maintenance (asset management)
LM-1: Loss calculation and recording
VQ1: LV Grid Monitoring
VQ2: Automatic Voltage Regulation

L

Eachusecase will be analysed with a specific, independent-bestefit analysis.

5.2 Usecase Secific Cost-Benefit Analysis

As described earlier, an individual cesenefit analysis will be conducted to ensure flexibility and
transparency. It will mainly be bed on the JR@pproach,which means it will be built upon seven
major steps:
1. Revision and overview of technologies, elements and goals
Overview of all assets
Mapping of functionalities and benefits
Comparison of baseline and project conditions
Monetarizaion of benefits
Quantification of costs
Comparison of costs and benefits

No g MDD

5.2.1 Revision and Overview of Technologies, Elements and Goals / Overview of all Assets

For simplicity, the first two steps of the CBA can be combined, as they are both concerning the assets
of Net2DG. It has to be noticed, that most grid infrastructure is already present in the system and does
not have to be newly installed. Neverthele#iss existing infrastructure iglevantfor the costbenefit
approach and has to be comprehended. Also new devices have to be included in the analysis.

The project’s attributes deompmmentsanddgitalinkastaugtuzec i a |
Information transmission as part of this digital infrastructuvéd be central for most of the relevant
usecases.

As a final result, a full list of all assets/devices/technological elements is necessary to proceed to the
following steps.

5.2.2 Mapping of Functionalities and Benefits

The next step incorporates the mapping of functionalities and benefits. The assets derived in the first
two steps now are relevant.

These assets can be linked with functionalities that reflect their role in the system. It matibedn

that multiple functionalities can be performed by a single asset. A broad range of different possible
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functionalities can be seen in table 3 in the Appendix A. The partners involved in this WP may choose
functionalities from the default list, butam also add individual ones.

After the assets are linked to functionalities, another mapping takes place, which then links the
functionalities to benefits. A corresponding list of possible benefits also can be seen in table 5 in the
Appendix CAgain, thepartners may suggest individual benefits, but the list can be used, if necessary.
In the end, the list of assets should be extended by a full comprehension of all functionalities and
corresponding benefits.

5.2.3 Comparison of Baseline and Project Conditions

To get a clear view on the pr ogysttemitishwitogf i t s,
the project (baseline condition) and with the project is necessary (project condifithe).baseline
condition involves the standard approach that is usedtha distribution grid to deal with the
respective usecase Sincefunctionalitiesare only determined for the project condition yée missing

baseline statefunctionalities have to be reworked, if necessafhe baseline conditioworks as a
referenceto the project condition that shows the improved way to deal with the-aase. In this step,

the benefits that are obtained in the previous step can be linked with metmicaeasure a certain

system condition. The metrics then are calculated for eachlditiom of the system andre able to

show measurable differences.

5.2.4 Monetarization of Benefits

The next step includes the monetarization of benefits. From the previous step, the obtained benefits
are described with metrics. From these metrics, a differeretsvben the baseline condition and the
project condition can be obtained. This difference is now complemented with a monetary value.
Usually, the differences can be calculated with a standard formula, but the partners may suggest
individual ones, too, if neessary.

5.2.5 Quantification of Costs

After all benefits are calculated, the costs of the project have to be identified. Following the basic JRC
method, costs are somehow hard to estimate. Thus, the partners have to deliver the full cost data. This
data has tdncorporate both implementation costs and running costs. As big parts of the infrastructure
are already existing in the grid, the implementation costs have to be reduced byRtmsing costs

have to cover the possible cost to provide the incentive farstimers to share their information.

As a result, a full list of all costs relevant for Net2DG have to be available.

5.2.6 Comparison of Costs and Benefits

As a conclusion, thkenefits and costs obtained from the previous steps can be analysed within the
compaison of both. This comparison can be conducted in different ways. The relevant option will be
determined, when all CBsteps are solved.

5.3 Robustness andPlausibility Check

After the individual CBA has been conducted, robustness and plausibility checkecassary to
ensure a valid result. As part of the e2Sthats per s

Pagel9of 31



‘, Ly ‘ . Net2DG- 774145-H2020LCE2017-SGS D6.8
‘== Net2DG )

were taken, have to varied. The respective critical aspects to vary have to be chosen, after the CBA is
conducted and the partners have dedred their data. The partners may suggest, which input
parameters are the most relevant for the robustness and plausibility check.

To compl ete t he ap pbeoettaralysis,arqualkativie 2npaet’ aralysisacantbe
conducted. However, thecspe of this and the affected aspects have to be determiinfier the
individual CBAas well Basically, qualitative impacts can be measured by tfé@ct on certain key
performance indicators. The relevant KPIs will be worked out during the CBA.

54 ExamplA T £ OEA #"! &£ 0 OEA 50A #AOA O/ OOACA
In the following, an example for a possible CBA procedure is shown. This example is¢cha sse- “ F M
1: Out age detecti on” .-cases isrotemade fopthei CBA, ithis examapte iwasn o f

drawnrandomly only to show a possible application. The-cage specific CBA will now follow the
steps thathave beernworked outearlierin chapter 5.

- Step 1&2: Revision and overview of technologies, elements and goals / Overview of all assets
used in theproject
The assets that are linked to the usase have to be analysed and listed up. For the given
example, a special focus has to be put on the transmission ofrgadnation. For this use
case, thealreadypresent grid infrastructure that usually detis outage has tdisted, as well
as devices or infrastructurghat has to be added in the context of Net2DG, if these are
necessaryln the end, a full list of all relevant parts has to be built.

- Step 3: Mapping of functionalities and benefits
Then, a mpping of the defined assets and its corresponding functionalities is the first part of
Step 3. FromTable 2: Functionalities of Smart Distribution Grjddifferent predefined
functionalities can be drawn in order to describe thesets forusec a s e -1:“Okthe
DetecFoonéxampl e, the functional i #toydaygrdt egor y
operation” s eems t o be mo st candistss ol several T hi s
subcategories that can be matched to the us& s e ' sHoweves, erte fias to notice, that
the subcategories are not analysed in the given example, as the assets are not clearly defined.
Only a possible mapping is shown.
Enhancing dfciency in dayto- | (Further¥ dzy OG A 2 Y I
day grid operation
Asset 1 X X X X
Asset 2 X X
(Furtherk 3 2SS0 a X

After the mapping of assets and functionalities has taken place, these functionalities then have
to be linked to its benefits as the second part of this Step 3. Basically, the same procedure can
be used again. From the predefined list of benefitg able4: Benefitsand KPIthe benefits
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“Time reduction to handle customer compl aints
seem to be relevant for the usease.

Enhancing efficiency in dayo-  (Further¥ dzy OG A 2 y I f

day grid operation

Time reduction to handle x X
customer complaints

Reduced time to recover fron x X X X
outages

(Furtherdo SY STA (Ga X0

The final result is consequently a full listofeak s et s-1f olOut Rge Detection”
of its functionalities and benefits. Although this step seems to be a bit redundant, it is
necessary to provide a transparent and consistent CBA.

- Step 4: Comparison of baseline and project condition
For the giveln eeOwuamplee DeRMcti on” , a baseline
to cover the present and standard way to deal with outage detection. In case needed, this Step
4 requires the Steps-3 as well, if the usual way to deal with outagetection is not clear on
the first attempt.
The project condition then has to cover the improved approach to deal with outage detection.
The benefits, that were derived in Step 3, can be assigned to metrics that measure the
improved condition. In this ay, a comparison of the baseline condition and the project
condition is done to get a clear effect.

Benefit Baseline Metrics used Project condition | Metrics used
condition

Time reduction to| Usual time to Cost per time | Reduced time tg Cost  reduction

recover from| recover from| unit, average recover from| per time unit

outages outages number of | outages
outages per time
unit

The benefit “Time reduction to recover from

usual time to recover from outages. This isalfucalculated by the cost per time unit and the
average number of outages per time unit. In the improved manner, the project condition
shows the reduced time to recover from outages. This, of course, can be calculated by the cost
reduction per time unitwhich is described by the same metrics.

- Step 5: Monetarization of benefits
This Step is the first one to put a monetary value on benefits. Therefore, the metrics that are
corresponding to the benefits, can be actually calculated. For the given béndfii me
reduction to recover from outages”, the follc
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In this simple example, a difference between the baseline condition and the scenario condition
results in the monetary value of the benefit

- Step 6: dlentification and monetarization of costs
Forthe givene x amp |-2: “GWMt age Detection”, the costs |
cover the relevant costs for implementing theififrastructure and devices and the running
costs of the system once itimplemented. They have to be delivered by the relevant partners,
an estimation from outside is difficult.

- Step 7: Comparison of costs and benefits
Once, all benefits are monetized and costs are defired;omparison of costs can be
conducted. An adjustmeron different timeframes offers various possibilities dalculatea
comparison. In the end, this step is the most expressive, as it summarizes the whole CBA.

6 Conclusions and Outlook

This chapter concludes trgeliverable on the CBA approach. It waswhdadhat there exist different
methods to conduct a CBA. However, an adjustment of the methods is always necessary to provide a
fitting concept for individual distribution grid projec®n different steps of the approach, there might

be difficulties toacess the requirednformation. Because of that, flexibility and transparency are
central to the CBA approach to redirect information and tasks, if needed.

For the future application of the CBAetidentification of costs remains as a special aspect, because
the full data is needed from the partners and an estimation is not possible. Cost data on different
devices and infrastructure is not openly accessible. On the first run, this cost dataomitpet highest,

as itis the firstimplementation of the proposed gridst like a learningurve,different coststructures

will arise,oncethe system isoperatingand can be adopted. Therefore, aldte operationalcosts
remain as a point of discussion

In order to provide the transparency and consistency that is demanded by the project, we suggest the

timetableshown inFigureQfor t he year 2019. This first iterati
Ot her stakehol der s’ perspectives wil/l be include
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2019 (proposal)
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\ ) 1
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elements and their | system '
\ goals ) : e . \_ components )
H 1Gathering of 3
l e rinformation/ i€ TU Vienna
f =sceiE ]  Choice ol )
3. Assessment of provided
functionalities and < all pariners* fpciEgoic:
unc L ond benefits /
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resulting benefits definition of new
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b d 4.2, Assessment of onss 1./2.
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baseline condition
4. Establishing a
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baseline and project T o TU Vienna
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{ Data on running | 7
5. Identification of costs [€ all pariners® . ‘Cc‘m ;‘ .
A J— _ e )
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é. Monetarizationof |
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12
\_ J\ J
Figure9: Outlook of the application of the CBA
Sincetlisf i r st i terati on ¢ on dseplanmadgtartinhApril 2D1DAHe firstfwe r s pe c

steps of the individual CBAs have to besfigid until the end of May 2019, as well step 3. The
information regarding these steps have to be providgthll relevant partners. After this, step 4 will

be performed by TU Vienna until end of July. Afterwards, the partners are responsible to deliver the
cost data until end of September. TleNha will gather the relevant information to conduct the two

last steps until the end of the year 2019. As the-lédder, TU Vienna will also be responsible for the
gathering of information in between the steps and redirection, where necessary.
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Appendix

Table2 and Table3 (in Appendix A and B) describe all the functionalities of Smart Distribution Grids
and Smart Metering based ofGiordano et al., 2012)As Net2DGeeds an adaption of these
functionalities, the future application may require an adaptation of those tal#ldsitionally,Table4
shows the benefits and Kéerformancelndicators (KPI) achievable by Net2DG.

Appendix A: Functionalities of Smart Distribution G rid s

Table2: Functionalities of Smart Distribution Grids

Category A: Enabling the network to intatl users with new requirements

(1) Facilitate connections at all locations through the availability of data and informatior]
(i) simplify and reduce costs of connection process to maintain network safety
(i) facilitate an 'open platformapproach
(iif) make connection options transparent
(iv) facilitate connection of new load types

(v) ensure that most efficient connection strategies can be persued from a sy
perspective
(2) Better use of the grid for users at all locatidnsjuding renewable generators
(3) Registers of the technical capabilities of connected devices with an improved nq
control system to be used for network purposes
(4) Updated performance data on continuity of supply and voltage quality to in
connected/perspective users

Category B: Enhancing efficiency in-tlaxglay grid operation

(5) Improved automated fault identification and optimal grid reconfiguration after fg
reducing outage times

() using dynamic protection and automatimthemes with additional informatio
where disributed generation is present

(ii) strengthening Distribution Management Systems of distribution grids

(6) Enhanced monitoring and control of power flows and voltages

(7) Enhanced monitoring andbservability of network components down to low volta
levels, potentially using the smart metering infrastructure

(8) Improved monitoring of network assets in order to enhance efficiency irtaidgay
network operation and maintenance

(9) Identificaton of technical and non technical losses through power flow analysis, net
balances calculation and smart metering information

(10) Frequent information on actual active/reactive injections/withdrawals by generatior]
flexible consumption to systeperator

Category C: Ensuring network security, system control and quality of supply
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(11) Solutions to allow grid users and aggregators to participate in an ancillary services
to enhance network operation

(12) Improved operation schemes feoltage/current control taking into account ancillaj
services

(13) Solutions to allow intermittent generation sources to contribute to system sed
through automation and control

(14) System security assessment and management of remedies, inchuttings agains
terrorist attacks, cyber threats, actions during emergencies, exceptional weather even
force majeure events

(15) Improved monitoring of safety particularly in public areas during network operation
(16) Solutions for demand respse for system security purposes in required response tir]

Category D: Better planning of future network investment

(17) Better models of DG, storage, flexible loads (including EV), and the ancillary §
provided by them for an improvement offrastructure planning
(18) Improved asset management and replacement strategies by information
actual/forecasted network utilization
(19) Additional information on supply quality and consumption made available by
metering infrastructure tasupport network investment planning

Category E: Improving market functioning and customer service

(20) Solutions for participation of all connected generators in the electricity market
(21) Solutions for participation of VPPs in the electriaitgrket, including access to th
register of technical capabilities of connected users/devices
(22) Solutions for consumer participation in the electricity market, allowing mg
participants to offer
(i) time of use energy pricing, dynamic enepgigcing and critical peak pricing;
(i) demand response / load control programmes
(23) Grid solutions for EV recharging

(i) open platform grid infrastructure for EV recharge purposes accessible to all n
players and customers

(ii) smartcontrol of the recharging process through load management functionaliti¢
EV
(24) Improved industry systems for settlement, system balance, scheduling and foreq
and customer switching

(25) Grid support to intelligent home/facilities automatiand smart devices by consumer;
(26) Individual advance notice to grids users for planned interruptions
(27) Customer level reporting in event of interruptions (during, and after event)

Category F: Enabling and encouraging stronger and more diresiv@mient of consumers in the
energy usage and management

(28) Sufficient frequency of meter readings, measurement granularity
consumption/injection metering data (e.g. interval metering, active and reactive power,

(29) Remote management ofeters
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(30) Consumption/injection data and price signals via the meter, via a portal or other
including home displays, as best suited to consumers and generators

(31) Improved provision of energy usage information, including levels of green ¢
available at relevant time intervals and supply contract carbon footprint

(32) Improved information on energy sources

(33) Individual continuity of supply and voltage quality indicators via meter, via portal or
ways including home displays

Appendix B: Functionalities of Smart Metering

Table3: Functionalities of Smart Metering

Category G: Remote reading of metrological registers and provision of these values to des
market organisations

Category H: Twawvay comnunication between the metering system and designated ma
organisations

Category |: Meter supporting advanced tariffing and payment systems

Category J: Meter allowing remote disablement & enablement of supply

Category K: Communciation with (and whappropriate directly controlling) individual devices
the home/building

Category L: Meter providing information via portal/gateway to ahame/building display auxiliar
equipment

Appendix C Benefits and KPI
Table4: Benefitsand KPI

Benefit Possible KPIs

Increased sustainability Quantified reduction of carbon emissions
Environmental impact of electricity gri
infrastructure
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Quantified reduction of accidents and ri
associated with generation technologi
(during mining, production, installations
etc.)

Adequate capacity of transmission a
distribution grids for 'collecting' and bringin

Hosting capacity for distributed energ
resources in distribution grids

electricity to the consumers

Allowable maximuminjection of power
without congestion risks in transmissig
networks

Energy not withdrawn from renewabl
sources due to congestion and/or secur
risks

An optimised use of capital and assets

Adequate grid connection and access for
kinds of gridusers

First connection changes for generato
consumers and prosumers

Grid tariffs for generators, consumers a
prosumers

Methods adopted to calculated changes a
tariffs

Time to connect a new user

Optimisation of new equipment desig
resultingin best cost/benefit

Faster speed of successful innovation aga
clear standards

Satisfactory levels of security and quality
supply

Ratio of reliably available generatig
capacity to peak demand

Share of electrical energy produced
renewablesources

Measured satisfaction of grid users with ti
'grid' services they receive

Power system stability

Duration and frequency of interruptions p¢
consumer

Voltage quality performance of electrici

grids (e.g. volatge dips, volatge a
frequencydeviations)
Enhanced efficiency and better service| Level of losses in transmission and
electricity supply and grid operation distribution  networks (absolute an
percentage)
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Ratio between minimum and maximu
electricity demand within a definedime
period

percentage utilisation of electricity gri
elements

Demandside participation in electricity
markets and in energy efficiency measure

Availability of network components (relatg
to planned and unplanned maintenanc
and its impact on netork performances

Actual availability of network capacity wil
respect to its standard value

Effective support of transnational electrici
markets by load flow control to alleviat

Ratio betweeninterconnection capacity o
one region and its electricity demand

loop flows and increased interconnectic
capacities

Exploitation of interconnection capacitie
(ratio between monodirectional energ
transfers and NTC), particularly related
maximisation of capacities according to t
regulation of eledticity crossborder
exchanges and congestion managem
guidelines

Congestion rents across interconnections

Coordinated grid development throug
common European, regional and local g

Impact of congestion on outcomes an
prices of regional markets

planning to optimise transmission gr
infrastructure

Societal beneficost ratio of a propose(
infrastructure investment

Overall welfare increase, i.e. always runn
the cheapest generators to supply the act
demand

Time for licensing/authorisain of a new
electricity transmission infrastructure

Time for construction (i.e. afteg
authorisation) of a new electricit)
transmission infrastructure

Enhanced consumer awareness @
participation in the market by new players

Demand side participation irelectricity
markets and in energy efficiency measure

Percentage of consumers on (eipd time-
of-use/critical  peak/reatime  dynamic
pricing

Page?29 of 31



/J"’ ‘

I'lllﬂ‘iﬂ

7 . Net2DG- 774145-H2020LCE2017-SGS D6.8

Measured modifications of electricit
consumption patterns after new (oph)
pricing schemes

Percentage ofisers available to behave i
interruptible load

Percentage of load demand participating
marketlike schemes for demand flexibility

Enable consumers to make inform¢ Baseto-peak load ratio
decisions related to their energy to meet th Relation between power demand ar
EU Energy Efficiency targets market price for electricity

Consmuers can comprehend their acty
energy  consumption  and receiv
understand and act on free information the
need/ask for

Consumers are able to access their histq
energy consumption information for free |
a format that enables them to make liker-

like comparisons with deals available on
market

Ability to participate in relevant energ
market to purchase and/or sell electricity

Coherent link is establishetletween the
energy prices and consumer behaviour

Create a market mechanism for new enel Simple' and/or automated changes
services such as energy efficiency for eng consumers' energy consumption in reply
consulting for customers demand/responsesignals are enabled
Data ownership is clearly defined and d4
processes in place to allow for servi
providers to be active with consume
consent

Physical gridelated data are available i
accessible form

Transparency of physical connecti
authorisation, requirements and charges
Effective consumer complaint handling a
redress. This includes clear lines
responsibility should things go wrong
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Consumer bills are either reduced or upwg Transparent, robustprocesses to asses
pressure on them is mitigated whether the benefits of implementatio
exceed the costs in each area where-mlt
is considered, and a commitment to act
the findings by all the involved parties
Regulatory mechanisms that ensure th
these benefits are approprialy reflected in
consumer bills and do not simply result
windfall profits for the industry

New smart tariffs (energy prices) that deliv
tangible benefits to consumers or society
a progressive way

Market design is compatible with the wa
consumers use the grid
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