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EXECUTIVE SUMMARY

Deliverable R.2 dProofof-Concept of an Active Building Energy Performance Modelling frameéwork
documents the proobf-concept version othe ABERBM (Active Building EnergyPerformanceModelling
platform that supports the Active Building Energy Performance Contrac{&igPC)concept and
methodology.

Specificallyanddifferentiating it from traditionaEnergy Performance ContractirgR¢saving estimation
tools, the ABEEM platform supports a scenaribasedmodetdrivenquantificationof additional Demand
Respons€DR)elated savings and value streams resulting from the active control of flexible aEbitss
coupled with an IPM\WBasd M&V functionality to support performanaguaranteeing and settlements
based on effective and transparent (NpRoutine Adjustment factors

Theplatform is composed of a number of welefinedmodulesfitting together in a modular and flexible
platform architecture, to maximize the replication potential by enabling specific stakeholders to create
their own version offlavour of specificmodules and functionalitieshemselves, and/or includenodules

from specific preferred partners.

In the scope of the MBIENCe project, only a preof-conceptplatform will be developed tosalidate the
AEPC methodology and tme used in and support the pilots contracting phase. Potential exploitation
strategies and routes including specific productization plans will Bbogated inthe work packages
4902y 2YAO SgI f dzind W& Mt A Gheidaf \Rifoiisideal thezlgarnihgs and feebback
collected through thevork package pilots.

The target users of thABEPeMlatform are EnergyServicecCompaniesgSCQghat want toquantifythe
DRuvalorisationpotential for multiple design optiongncludingelectrification,local renewable generation,
flexibility and storageand combine these results with an economic and finarasialysisembeddedin an
energy perfomance contractingoncept
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1. INTRODUCTIONKEYREQUIREMENTS

The twokey functionalitiesthat mustbe provided by théActive Building Energy Peformance Modelling
(ABEPeNplatform to supportthe AEPQoncept and methodologsre:

1 Thequantification/estimation of theenergy cost cash flowefore and after theEPCmeasures;
specifically taking into accounie impact of Demand Response related measures thiedactive
control of demandside flexibility and storage

1 Thecalculaion of relevanteconomicand financialKey Performance IndicatorK@I3 taking into
accountthe cash flows related tanvestmens and optionally financingand changedoperational
expenses and incomelated cash flowscluding these energy cost cash flows.

The energy costperformance guaranteeingand verification is done in line with the welestablished
International Performance Measurement and Verification ProtocdPMVP) methodologyThe energy
cost cash flowquantification/estimation is donefor an explicitly defined and agreed segio and
associatedNon-) Routine Adjustment factors This way, the@perational phase measurgaerformance
can be recalibrateavith these (Nor) Routing Adjustment factor® account for deviations between the
agreed scenario for which the performance guarantee was giaed, the operational phase actual
conditions.

While the IPMVP methodologynakes it possibleto recalibrate the measured operational phase
performanceto accountfor deviations between the agreed scenario afé operational phaseactual
conditions,it does notaddress thechallengeof being realistic (scenario) and not overly optimistic (net all
knowing).

To ensure that realistic and achievable performafarecasts are givengalistic scenariosmust beused.
Furthermore,operational phase limitationghat may impact the optimality of the operational phase active
control, like model or forecast errorgr flex asset control itations, must as much as possible be taken
into account.

To maximize the openness and replication potential of the pafaefoncept version of thelatform, a
modular and flexibleplatform architecturehas been defined that fits together a number of wedifined
functional building blocks rhodules, each of which could besplaced ordeveloped by ahird party.

I (Non) Routine Adjustment factors refers to both NRoutine Adjustment factors and Routine Adjustment factors.

a
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2. SCENARIOS, DESIGIRNTIONS AND PERFORME DEFINITIONS

For a complexendeavouras the AEP€oncept, consistent namingnd useof key terms and concepts is
important.

Building/project Baseline
The baseline refers to thesis situation at the start of the project, before any measures are taken.

Design Options
A design option refers to @aset of¢ measureghat are consideredrad/or implemented in the scope of an
AEPC projectvith the purposeto reduce energy, energy cost, and emissions

1 passiveenveloge measurese.g.improvingwall or roofinsulation levelreplacingglazing etc;

1 infrastructure measures: e.¢HVAC replacement, heating distribution upgradesitching to heat
pump (HP),adding photovoltaic (PV), adding electrical vehicle chargmfigastructure, adding
storage (thermal or electricalgtc.,

1 active control (operational) measures:g. actively steedemand side flexibility including conversion
(e.g. Powetto-Heat)and storage€.g.thermal storage tanks, batteries)

The ABEPeMlatform will be able to quantify theperformanceimpact of a givendesign optionin
comparisorwith baselined dzi t RexfefrHafce

Scenarios

A scenario refers to a set iufture parameters and influencirfigctorsti K+ G KIF @S |y A YLI Of
performance
1 Financial parameterelated: price inflation anéghdexation, financing conditions, etc.
1 Energy priceelated: changing tariffs, changing tariff structures, changing regulation
1 Weather condition relatedtemperature, solar irradiation, etg.
1 Userbehaviourrelated: comfort setpoints,comfort boundariegthat offer flexbility), sanitary hot
water usageelectric vehicle £\ usage etc.

Scenariosnust be realistic to not raise unrealistic expectatioBsenarios (by definitiorgre not correct:
the impact of deviations between the scenario for whipdrformance is quantifiecand actual future
conditions and events is addressed in the IPMVP methodology through the) (Routine Adjustments.

Q
"
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Performancedefinitions

f baseline performancerefers to thed dzA f RAy 3Qa KA AG2NAOFt LISNF 2 N.
applied.

1 adjusted baseline performanceefers to thebaselineperformanceadjusted for the(Non)Routine
Adjustmentsasdefinedin the IPMVP methodology

1 reference performanceaefers tothe forecaged performanceresultingfrom the measureshat are
defined/selected in the design optioand for the scenario that is defined/selectebh our AEPC
concept we will distinguish between reference performance resulting from:
0 passive measuremly (= reference performance 1)
0 passive measures plus infrastructure measyreseference performance 2)
0 passive measures plus infrastructure measures plus operational active tan@asures

(= reference performance 3)
1 actual performancerefers to themeasured performance during th®EP @perational phase.

A schematic overview of the four performance definitions is showkigare 1.

Adjusted baseline

performance
| Measures
Baseline ;
applied
© performance _ o 4
W] . ®
: : -
E . ® e ® e Savings, or
= e ® . . avoided energy
"'g e T¢ T ® use
L L
@ - ot Actual ®* . l
[a N - L
9 . ® performance . .

Startof
Operational Phase

Time
FIGURH ¢ ILLUSTRATION ORHFOUR ENERGY PEHRFANCE DEFINITIONS
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Inthe case of AEPC, performance does not ogflgr to energy performance, but also to cost performance,
i.e.including energy cos@ndrevenueselated toDR.

Multiple options for determiningerformance and relatedavingsexist depending orthe boundaries 6

the measuremens (e.g. for an individual energy conservation measure; for the whole building) and
depending orthe availability ofdata. Measurement of all parameters (e.gnergy consumption) or only
some parameters (e.g. power, miplied byassumed widking hoursmight be involvedMore information

can be found irthe IPMVP Core documeénthat definesthe four common calculation methodologies
(A/B/C/D).

Forecast categories
1 In the contracting phase scenariebased forecastsare created from scenarios and aresed as
forecast inpus to the scenariebased modebdriven MPQModel Predictive Contropptimization.
Thescenarios themselveare used as forecasts of actual future conditions in tioé alkknowing
digital twin simulation See sectioB.1 for more details.
1 In the operational phase operational forecastsare created by a forecasteigorithm’'model as
input for the active control decisions.

2 https://evo-world.org/en/productsservicesmainmenuen/protocols/ipmvp

a
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3. ABEPEMPLATFORMEY FUNCTIONALITAANEOMODULES

Based on thdunctionalities andequirementsof the ABEPeMlatform that are describedn the previous
sections the following key modules (functionalities)are defined(seeFigure2).

Contracting Operation &
Monitoring

Configuration Form ABEPEM BEMS with

Design options Active Control

(measures,
technological options, Flex Model Creation
dimensions)

Operational Measurements

Scenarios Energy Cost Cash (Actual Performance)

(scenario creation) Flow Quantification I s s s St S
(Rule-Based, MPC)

Baseline Building
Information
Financial/Economic
KPI Calculation

1
1
1
1
1
i
. . 1
E:’dc project options (NPV, IRR, ... Annual i Bort
uration, payment Cost) ! P errormance
S erformance
model, financing, ...) i G : Guarantee
j -uaraniee - Assessment
*5 io-Based F t creati iFi H
cenario-Based Forecast creation : Verlflcatlon

FIGURE ¢ ABEPEMPLATFORMEYMODULB/FUNCTIONALITIESIANSPLACE IN THE AEPOERSS.

In the next sections, the following key functionalitiesldules will be described in more detail:

1 the Configuration Formcollects all relevant project information including design options and
scenarios

1 the Flex Model creatiormodulecreates the necessary building and asset models that are required
for the scenariedriven modelbased performance quantification

1 the Energy Gst Cash FlowQuantification module performs the scenarkgriven modelbased
performance quantification

1 the Financial/Economic KPI Calculationodule determines the relevant financial and economic
KPIs to compare the impact of selected design options

1 the Senario Creabn module provides the scenario that will be used in the performance
quantification and for which the performance could be guaranteed

1 the Scenariebased Forecast Creatianodulecreates from the selected scenario a forecast that will
be used for the performance quantification

a
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3.1. ENERGY COST CAR8V QUANTIFICATIOMODULE

3.1.1. SCENARIORIVEN MODEBASED QUANTIFICAN

The Energy Cost Cash Flow Estimatimaule provides ascenariedriven modetbasedquantificationof a

0dzA f RAY 3 Qa Sy $MPGhasdd ppiiizatioBto det@rihigedhe bptimal power consumption
profile at a sufficiently high time resolution (e.g. ibnutes for a given objectivelhe optimization mimics

the decision taking in the operational Building Energy Management System (BEM®)s, it uses models

of the flexible assets that describe in which ways their consumption profile can be altered, in combination
with relevant forecastshat are derived fronthe selected scenaridl' he optimization objective typically is

an energy cost minimization, but other objectives like maximizingceglfumption orselfsufficiency or
minimizing carbon emissions are supported as wElle resulting power consumption (ile is combined

with financial information (i.e. tariff information and DR incentives) to calculate the energy cost cash flow.
Besides, this power consumption profile can be combined with carbon intemsifife information (e.g.

gram CQ/kWh) to calculge the correspondingemission profile.

For a giverdesign option i.e. selectedneasuresincluding asset selection and dimensiptisis module
determinesthe optimal power consumption profile from which the energy cost cash flow profile and
emission profit are derivedThis can be donaking into account passive envelmeasures only, or with
added infrastructure measuresor with added simulated active control measureshat apply DR
optimizations The current interface between the Energy Cost Gasli Quantification module and the
Economic and Financial and Economic Calculation Module only communpesafesmance related to
energyefficiencymeasures plus infrastructure measures (EEM), and pedaoo®a related to additional DR
optimizations (EEM + DR)his waythe impactof DRvalorisationcan be quantified, and multiple design
options of passive envelop measures and infrastructure measures caroimparedagainst each other.
Besides varying theuiding design options, also multiple scenarios relatedfuture conditions and
evolutionscan be applied, and their impaof varying assumptionsan beanalysedas well An example
guantificationis shown in annex 1.

3.1.2. IMPROVIN@GREALISM BY INTRODNGINOT AEKNOWINGQUANTIFICATION

The MPC optimization mimics the decision taking in the operational BEMS, based on forecasts and model
When guantifying thevalorisationpotential of Demand Response activatiohgstway the obtainedresult

may be overly optimistic because ifplicitly assumesan altknowing optimizationbased onperfect
forecasts and models arafully deterministic control. To obtain more realist&sults atwo-step appoach

of an MPQptimizationfollowed by asimulation has been implemented®y feeding the simulation with
scenario data, and the MPC optimization with scenario data with a superimposed error signal, the impact
of forecast errors can be anaBd. By using a different building model in the MPC opttnin and the

3 Alsoa simpler rulebased optimization approach is supported.

a
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simulation, the impact of model errors can be amsaly. And by driving the simulation with a power
consumption profile that deviates from the optimal power consumption profile that was determined by
the MPC optimization, the impact of nateterministic control can be analgd. Thisway, anot all-knowing
value quantificatiorcan be done, thatan account for the impact of ngperfect forecasts and models, and
non-deterministic control.

In the first step,an MPC optimization is dortbat usesforecasts that are derived from the scenasioy
applying a stchastic perturbatioron them The resulting consumption profile is theso undergoing a
perturbation before it is fedo a Digital Twin simulation that uses (slightly) different modeds the ones
used in the MPCThe resulting simulated next statethen fed back to the next MPC optimization cyBlg.
implementing this combination of optimization and simulation, we can account for the impact of non
perfect models, noperfect forecastsand even for nordeterministic controt.

Simulation
Scenario (Digital Twin)
State” Model'
Replace modelled next stateby Non-perfect model
simulated next state/"‘” Model’ # Model
. ‘ Non-deterministic control
/ State P’ # P
Non-perfect Forecast MPC Optimization Optimal P / o

Forecast # Scenario (determine optimal control .

for DR)

Quantified Value
(Energy Cost Cash Flow)

FIGURB ¢ TWGSTEP MPC OPTIMIION FOLLOWED BNGITAOWINSIMULATION TOORRECT FOR OVERLY
OPTIMISATIC AIKNOWNG QUANTIFICATION.

CKS | OlGdzZht LIRSSNI O2yadzYlLliAz2y LINRPFAESY KSyOS (KS adaeadsSvyQq:
optimal power consumption profile that was determined by the MPC optimization. céhibe due to nomodelled

FaasSad tAYAGrGA2ya 6tA1S Y2RdzZA I GA2y &GSLI INI ydzZE F NARGEO 2NJ
are used in the MPC optimization.

a
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The MPC optimization can be done for both Impheitt ExpliciDR Thelmplicit DRoptimization isbased
on a tariff structure scenarithat may contain dynamic priceg capacity tariff, pa differentiation betwea
offtake and injection tariffs. T givesthe opportunity tominimize the energy cost by actively steering
consumption to times when the prices are low, to ssihsume sefjeneratedPV energy, and/or to avoid
consumption peakd.e.whenenergy is consumed, is important. The Explicit DR optimization is basad
flexibility activation request scenarithat gives the opportunity to earn incentivey altering consumption
in line with the received request.

Typically, an analydience quantificatioomust be done for éong time period (ay. 20year to over 40 gar)
with a smalttime resolutionto capture the dynamic nature dfexibility, tariffs and other influencing
factors.To speed up the analysistime, f AYAGSR ydzYoSNJ 2F WieLAOIf RI
scenarioto speed up the process.

Theperformancequantification is done in such a manner that performance guarantees can be monitored
and verified through the IPMVP process basedh@nagreed (Nof) Routine Adjustment parameters

3.1.3. SUPPORTED FLEX ASSET

The MPC Optimizatiomoduleiscreated & a modular and highly configurable mw@hergy multiobjective
optimization engingseeFigured). It can handle a wide variety @bnsumption, generation and storage
assets, includingonversions between energy carriers like PoweHeat Specific examples dlexibility
usageresulting from demand side flexibility, storage and conversion are:

1 Shedlable, shiftable and interruptible loads
Space heating/cooling

Sanifry hot water production

EV charging

Stationary batteles,

1 Thermal storage tanks

= =4 4 A

These fleible assets have the capability that their consumption profile can be altered
(increased/decreased, shifted, modulated) within certain limits. The optimization determines for each of
them the optimal consumption profile taking into account asset related cairgs (e.g. battery mamum
charging/discharging power) as well as state constraints (e.g. comfort setpoints or hot tap water profiles)
in combination with relevant forecasts.

The Energy Cost Cash FlQuwantificationmodulegets the relevant informatiopertaining tothe available

flex asset@ndtheir connection to energy vectoras well agheir relevant characteristics ancbnstraints
from a JSONconfigurationfile.

> JSONJavaScript Object Notation) is a lightweight dimi@rchange fornat that iseasy for humans to read and wrjtand
easy for machines to parse and generate.

a
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external H
ity internal
—
e
CHP
— —
—
- ( space heating
’ hot tapwater space cooling
€ PV panels /r_
o m— —_—
777/} %
aly //// | O
t —_
gasubol;lls,— air conditioning
} {
4 p—— N )
QR *
- - Space heating buffer o »
| old water buffer
battery
- L( <+
5 . 5
= S 3
¥ 2 ‘
8 E f
E © o
o uncontrollable load w 8 S
3 S)is z 2
5 Ko @ :
= = z
= 1 S g _i
@ o - =
Q oh ° S

3.1.4. SUPPORTHEERFORMANCE METHAQS OPTIMIZATION AGBJTIVES

The MPC optimization algorithm of the Energy Cost @ashoptimization module can optimize for either

one of the supported optimization objectives: mininkidbwatt hour KWh), minimal erergy cost, minimal
grid injections, maximal setfonsumption, minimal emissions.

As the result of the optimization for a selected objective, it provides as well the quantified metrics for all

other performance metrics.

Q
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3.2. CONFIGURATION FORM

The configuratin form containsall relevant information that is required for thEnergy Cost Cash Flow
Quantification module, the Flex Model Creatiomodule and the Economic/Financial KPI Calculation
module Thisinformation can be grouped imt:
1 EPC Project Optiomsformation:
o0 Beneficiary type: OwneDccupier or Ownek.essor
0 ESCO contract duration
o Total investment
o Financing related information:
A ESCO payment model: First In, F@sit, Shared Savings, drird Party/ESCO
financing based on reimbursement fee
A Loanamount, loan term/duration, loan interest.
1 Building Information:
o Asset value information: baseline and after measures (ESCO maintenafice fee
o Operational Cost information: baseline and after measures
o Rent related information (if applicable): baseliswed after measures
o Buildingmodel parametersdharacteristicof its dynamic thermabehaviouy;
0 (Adjusted)Baselineznergy consumption and costformation.
1 Measuresnformationincluding associated investment costs
o Envelog Measuresnformation;
0 Infrastructure Measures informatione.g. related to theheatingcooling systemand PV
installation
A HVAC infrastructurs
Domestic hot water@HW) tank parameters
Space Heating buffer parameters
Battery parameters
EV parameters
Shiftable loagparameters
0 ActiveControl Measures informationncluding optimization objectiveminimal cost, minmal
injection, minimum emissions, maxiom selfconsumption, maximurselfsufficiency
1 Optimization objective: one ahinimal kwh, minimal energy cost, miréingrid injections, maximal
selfconsumption, minimal emissions

> > > > > P

8 For preventive and curative maintenance; likely including a guarantee risk fee.

a
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1 Scenarianformation:
o Energy pice profiles, created fronatariff structurescenario(including Implicit DR incentives)
andpriceevolutions scenariorl hisincludesalsoExplicit DRequestprofilesand incentives
o Price indexing and inflatioprofiles
0 Exogeneous parameter profiles
A Outdoor temperature profile
A Solar Irradiation profilp
0 User usage profiles
A Non-controllable loadorofile,
A Comfort setpoints and flesetpoint,
A Sanitaryhot water usage profile
A EV usage profile
o Note: for each of the scenarios, (@on) Routine Adjustment must be defined andadated
that servesas the basis for the IPMVfReasurement and verification

Q
’n
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3.3. FLEX MODEL CREATMIDDULES

Flex Model CreatioModules are optional modules that contain the functionality to determine relevant
flex-characterization parameters @he building andselected fleibility assets This can be done for the
baselinebuildingas well as for the buildingith appliedmeasuresThismodulecan be used if one wants
to use building and context specific parameters instead of experibased ruleof-thumb parametersto
more accurately determine relevafiex-related parameter values.

In the AmBIENCe proof-concept platform, only a Flex Model Creatiorodule that creates a building
dynamic thermal modeaiepresentedby an RC GreBox mode[seeFigure 5)s provided Such an RGrey
Box models anelectricalequivabnce modein whichheat lossesire represente by resistance (R) values,
and heat thermal storagecapacitiege.g. in walls, floors or furnitujeare represented by capacitan¢€)
values Temperatures are represented by voltages (V) la@at flows/transfers are re@sented by current
(1) valuesWith such an electrical equivalence modehe can modeli K S 6 dzhdrnraiogseaind
inertia, and the corresponding thermal flexibility relation to thermal comfort boundarie®ultiple model
complexities and topologSa |+ NB Ll2adaAof Sy RSLISYRAy3a 2y GKS
characteristics. The provide/C Greyox Model Qeation module selectsthe most appropriate model
topology andcomplexity from a set of templatesnd determineghe related Rand C parametevalues

ventilation floor heating solar rad.

inner gains HR,,_ . HHf Hsf
radiators
HQa H \/

R, ~Ha Ry
AAA, o AN

c, _— G, —__cC, in-mass

surface in-wall zane v

Hg,,
solar rad. ‘ . . —

FIGURE ¢ EXAMPLE OMNRC GREBOX MODELEMPLATE THAT CHARA9 wL 29 { ISDYNMIJ 5L b DQ
THERMAL BEAVIOUR.

"Instead of using this module to determine the relevant flex related parametedsesd these back to the Configuration
Form, a knowledgeable user may estimate and manually enter these parameters directly in the Configuration Form.

a
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ThisRC GreyBox Model Creatiormodule relies on the availability of sufficiemheasurementdata at
sufficienty high time resolution (e.g. Iinutes), and applies data analytics and Machine Learnirsgted
the most appropriate model template along with thest matching R and C valu&ghen such data is not
available one could gnerate such data from @implified)White-Box model of the building, if available. If
also this is not available, tHeC GreyBoxModel Creatiormodule cannot be used, and one must resort to
expert knowledge to estimate proper R and C values basedrmumder of relevant building parameters
and visual inspection.

Q
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3.4. ECONOMIAGNDFINANTCALCALCULATICBMODULE

The Economic and Financial Calculaidodule (E&FCM), which is an integral part of the ABEPeM
platform, intends to be a decisiemaking tool tosupport specific stakeholders in answering the question
whether an investment in selected energy efficiency measures (e.g. HVAC retrofit, relighting, building
envelope, orsite renewable energy production,) combined with R flexibility (active controlymakes
sense from a financial and economic point of view. This would obviously be the case when, for a givel
project period (usually the lifetime of the asset), the future savings and possible income obtained from the
implementation of theEEMand the DRI&xibility would be equal to or exceed the initial investment outlay
and the additional operating expenselus, this isthe module that userESCOs and beneficiarieg)l

use to perform a financial evaluation or build the financial case of the endgarggect. In order to do so

they can take into consideration the KPI shown in the KHe tabthe module. The KPI are grouped in
Investment, Energy, Financial and Other KPI.

The E&FCM includes the relevant cash flows, discounted to reflect the time ofationey, resulting from

the investment in the selected energy efficiency measures and the application of active control (DR
flexibility) over the analysed or observed period (usually the lifetime of the adsesflows both the cash
flows related to beefits and cost reductions such as energy savings, savings from active control,
maintenance savings, additionalcome (when applicableand residual building valuand cash flows
related torelevant expenses such as initial capital expendituresntenance, repairs, operating expenses,
capital replacements, energy service fees and decommissioning.

In order to provide the additional value of DR Flexibility the E&FCM builds on two different cash flow tables

1 the first one showing the relevamirojectcash flows after implementation of theEMonly and
1 the second oneshowing the cash flowafter the implementation of DR Flexibility (active control
measures), thus in addition to the first EEM only scenario.

These two cash flow tables featurel aélevant information, on a yeasn-year basis, grouped in the
following cash flow groups:

1 Operating income (e.g. rent, additional income),

1 Operating expenses (e.g. rent, rent charges, energy expenses and savings,
1 DR Flexibility savings, maintenanc@enxsesand other relevant expenses),

1 Initial Outlay (e.gcapital expenditures) and

1 Oneoff Income (e.g. subsidies and residual value of the asset).

Both cash flow tables also include separate financing cash flows to show the effect of the finanbing cas
flows from ESC@Bhared Savings Agreements, FHinsFirstOut agreementsX wr third-party financing

when applicable.

The data in the cash flow tables is beoigained from different input tables anauxiliarytableswithin the

E&FCM. The input talde including all necessary input variables to run dloeiliarytables and the cash
flow tables,are being either fed manually by the user of the E&FCM aotbgr ABEPeMmodules(e.g.
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ConfigurationForm)).

The following Figure 6 shows the higHevel architecture and building blocks of the E&FCM. It is
implemented as an Excel workbook consisting of 12 tabs structured in four grougesasbed in the
following sectiors.

ENERGY COST CASH FLOW (incl.
DR) ESTMATION MODULE

FINANCIAL CALCULATION MODULE

Performance numbers

AUXILIARY TABLES

TV

INPUT TABLE
DR/FLEXIBILITY

PRICE
EVOLUTIONS

GENERAL INPUT
TABLE

/_ Loan

Amortisation
Table EEM

=
First In_Out
redemption
> EEM
Shared Savings
redemption

Loan
Amortisation
Table EEM+DR

First In_out
redemption
EEM+DR
Shared Savings
redemption

KPI TABLE

VI+DR
\ EEM EEM+DR )

Input
variables

CONFIGURATION MODULE

EPC project Building

Design options Scenarios . i
options Information

FIGURB ¢ THE BUILDING BLKEEOF THE&CFM.

3.4.1. INPUT TABLES
The information that is needed to perform the different calculations in the auxiliariesabhe cash flow
tabs and the KPI table is obtained from the input tablése tool includes 3 different input tables:
1 General input table
1 Price evolutions,
1 Input Table DRfexibility.

The General Input table consists of 7 sections:

1. Project details: This section includes general information on the project, the Financiakerpthe
beneficiaryfor whom the KPIs are calculated (Owa@ccupier, Ownetesso€X 0 @ KA OK RS
what kind of information is provided in the Cash Flow tables and KPI table, and information on the
analysedperiod and contract duration (less than oequal toanalysedperiod).

20| 32
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2. Project General Parameters: Information on ttiscount rateapplied to calculate the present value
of the future cash flows.

3. Asset General Details: This section provides information on the current sales price per m?2 of the asse
when asset valuation is being performed based on market value evolution.

4. Rent, Rent charges and Other Income def@isept DR related Incomdjhese input variables refer
to the case whement cash flows are applicable. They provide information onrdrg and rent
charges before any measures, after EEM only, and after EEM + DR

5. Operating expenses: Depending on the AEPC Beneficiary this section provides information on typic:
operating expenses such amaintenance insurance property taxes and other expenses
(property/facilities management,X). The information for these types of expenses needs to be
provided for thefollowing threesituations: before any measures, after EEM only and after EEM +
DR. Besides, it can include DR service femgspiicable §eparately foimplicit DRandexplicit DR).

6. Investment details: This section defines ithgestmentamounts required to implement the Energy
Efficiency project. The investment amounts need to be provided separately for the EEM only, for
the required investment for DR and, when applicable, for any otheraffheapital expenditure. This
section also provides the information related to possible grants and subsidies. The investment value:
are beingfed from the Configuration Module of ABEPeM.

7. Financing details: In this section th&atform users can define whether the investments related to
the Energy Efficiency projects are being financed based on own financial resamwoefsifding) of
the project owner or if financing is being provided Ine tESCO or any oth@hird-Party financier
(e.g. financial institutioh In the case of lending, also thean amount the interest rate applicable
and theloan termmust be specified.

The Price evolutions téd provides the input information for different general indexations or price
escalations of future expenses such as operating expenses (e.g. maintenajcenergy prices,
DR/Flexibility savings, rent income and property taxes and other levies. It aladés the possibility to
simulate the market value evolution of the asset (the building, thedwelng, A ¥ y 2 99a | NB
and if EEM are implemented thus providing the asset value change (normally increase) at sales or dispos
of the asset (ba=d on the market value evolution assumptions).

Thelnput table DRflexibility is being fed by the Energy Cost Cash Flow Estimitadule (seesection

3.1) of ABEPeM. It provides, on a y@aryear basis and in kWh and Euro, the Reference/Baseline energy
consumption information, the consumption aftédfEM onlyand the energy consumption after also
valorising DR FlexibililEEM + DR)Ihe provided informatio by the Energy Cost Cash Flow Estimation
Module allows to calculate, again in kWh and Euro, the savings after Energy Efficiency Measures and th
savings after addition of DR Flexibility. It also allows to derive the monetary value of the DR Flexiyility on
and is the basis for the calculation of the DR Flexibility service fees to be paid, if any. The data calculate
in this tab is being fed into the two cash flow tables.

Q
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4.2. AUXILIARY TABLES

The auxiliary tables calculate the financing cash fldegending onthe financing option chosen in the
General Input table (No thirgarty financing, third party financing based on lending or ESCO financing) and
ESCO payment models (Shared Savings, First In, First Out).

1 The Loan Amortisation tables (for EEM and for EBMR)-calculate the financing cash flows related
to the loans provided by a thirdarty financier or by the ESCOe. the reimbursement of the
investment. They provide information on total yearly reimbursements of the ,loan the
investment, including iterest amounts and principal amounts.

1 The First In_Out Redemption tables (for EEM and for EEM + DR) calculate the financing cash flov
relatedto this selected ESCO payment mogetst Inor FirstOut)where the obtained energy savings
are being fully usedor partially used in the case of the First In optitmyemunerate the ESCO for
its services including investment reimbursements. This means that for each year, the investment
reimbursement to the ECO, i.e. the principal payment (the reimbursement of the investment) plus
the interest payment, equals thesedenergy cost savings minus the maintenance fee to the ESCO.

1 The Shared Savings Redemption tables (for EEM and for EEM + DR) calculateding ftash flows
related to this selected ESCO payment model (Shared Savings) where the obtained energy savin
I NE &aKFENBR 0SG¢SSy GKS 9{/h IyR GKS LINR2SOI
remunerate the ESCO for its services, including reindmests. This means that for every year, the
loan reimbursement to the ESCO, i.e. the principal payment (reimbursement of the investment) plus
the interest payment, equals the ESCO share of the energy cost savings minus the maintenance fee
to the ESCO.

1.3. CASH FLOW TABLES

TheE&FCM features two cash flow tab:one for EEMbnly and one for EEM + DRhese cash flow tables
include all yearly cash flows (income, expenses and capital expenditures) relevant to the business case ov
an analysis or lifeycleperiod of maximum 40 years. The two cash flow tables have, in principle, the same
structure, though thecash flow values will obviously be differamhen DRvalorisationis considered in the

EEM + DR case. Besidadditional cash flows(cash flow driversjelated to Explicit DR incentives and
(Explicit) DR service fees will be included in this EEM + DR case.

The cash flow tables calculate the Net Present Value (NPV) of all yearly cash flows, i.e. the income, tf
expenses and the capital expenditures cash flows to reflect the time value of money. The information
required to calculate the cash flows in the cdlslw tables is being obtained from the input tablasd the
auxiliary tablesThe cash flow tables incorporate four major sections:

1. TheAuxiliary Calculationsection calculates parameters related to the analysis period;deR{Zact
period, general index@ns or price escalations and asset market evolution. This table is being fed
by the General Input table and the Price evolutions table.
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2. TheCash Flow before Measuresection calculates all relevant cash flofes the BuildingAsls,
without any measuresThese cash flows actustered into the following cash flow groups:
o Operating IncomeCurrent Rent Income and Current Rent Charges (for the Qlassor if
applicable)

o Operating Expenses
A CurrentRentExpensend CurrentRent Charges (for the Lessee/Ten# applicable)
A CurrentEnergy expenses (for the Lessee/Tenant and Owneupier)
A Other operating expenses such as maintenance, insurance, Facilities/Property

Management expenses, Property taxes (Ow@ecupier and Ownelessoy.
0 Oneoff income Sale®r residual value of the asset

This section further calculates the total yearly cash flows, the NPV of those yearly cash flows and
finally the sum of those discounted cash flows.

3. TheCash Flow after Measuresection has basically the same structure apdrforms the same
calculations adescribed for the previousection But obviouslyall)cash flow values will be different
because of theneasures. And additional cash flows (cash flow driverd#l)be introduced related to
the related investmentthe ESCO involvemerdind {mplicit andexplicit) DR seree fees andncome
(incentives)Theseas welldepend on thebusiness case beneficiary (Owr@ccupier, Ownetessor,
Lessee/Tenant) and thmeasure§EEM or EEM + DR

Specific additional cash flowsash flow driversjor EEMare:
o0 Operating ExpenseMaintenancepaymentsto ESCQO
o Initial Outlay Investment and other initial outlays
o Oneoff income Subsidies or grants

Additional cash flowg¢cash flow drivers) on top of that for EEM + DR @peratingExpensesi.e.
Savings fromimplicit DRand Income from ExpliciDRand their respectiveservice fees tenabling

5w aSNBAOS LINPYARSNE o6 3IANBIFGT2NAI X0

This sectionurther calculates for both casesElM and EEM + Dhe difference between the cash
flows before the measures and the cash flows after the measures, thus providing Total Net Cast
Flows (versus Busineasusual) andNPVof the yearly Net Cash Flows. These cash flow data allow
for calculating theNPVof the Total Cash Flows, the Internal Rate of Return (IRR) and the Discounted
Payback period of the financial business case.

4. TheFinancing Cash Flowgection is only relevant in case financing bjhad-Party financier (e.qg.
financial institution or inestor) or by the ESCO is being envisaged. This section shows condensec
Project Cash flows and Financing Cash Flows. The Financing Cash Flows are being divided in Incon
Financing Cash flows (Equity Contributions @nitd Party or ESC@ontributions to fnancing) and
Outgoing Financing Cash Flows (reimbursements of loans/investment and interests), ultimately
providing the cash flows to the Equity Holders. When relevant Equity NPV, Equity IRR and Equit
Discounted Payback is calculated.
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3.4.4. KPI TABLES

The KPI table showmancialKey Performance Indicators calculated by the E&FCM for botEEM and
the EEM + DBases:

1 Total Cost of Ownershipefore measuresafter EEM measureafter EEM + DR measures

1 Net Present Valueafter EEM measures, aft&lEM + DR measutes

1 Internal Rate of Returmafter EEM measures, after EEM + DR measures

1 Discounted payback periodfter EEM measures, after EEM + DR measures
Besides, it givefor the selected design option and scenatioy 2 @SNIWIA S S 2 Fnumbkr§  LIN
related to:

1 Investmens:

o Initial investment amount

o Other initial outlay

0 Subsidies-|,

o0 Total investment
1 Energyconsumption and cost

o AdjustedBaseline energy consumption kWh/year
Adjusted. &St AyS SySNHe@; O2y adzYLiAz2zy exk@&SI N
Average Yearly energpnsumptionsavings kWiior EEM and EEM + DR
Average Yearly energpsta I @ A y J-indered)oryEEN and EEM + PR
Yearlyenergy consumption and energy castvinggin % for EEM and EEM + DR

O O O O
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3.5. SCENARIOREATIONIODULE

Realistic senarias of future evolutions must becreated in order to realistically predict and compare
performanceKPIdor the design optionghat are consideredScenarios can be provided by the ESCO, or by
the beneficiary, orby both. The scenarios feethe simulation in the Energy Cost Cashflow Calculation
module, and serve as the basis for the scendr&sed forecasts that feed the MPC optimization in the
Energy Cost Cashflow Calculatrondule

Typically, scenarios are needed for factors that infleeesergy performance, like weather conditions and
user usage patterns, and evolutions of energy prices and financial paramdteeycan be created from
historical data or from synthetic data (using expert knowledge and/or tools) or a combination ofSmtie
examples as applied in our pBof-concept platform

1 Weather condition scenariosfor a given locatiorg are produced from historical data to generate
statistically relevant profiles. Possibly, some specific-stémarios, like a mild winter, maye
generated as well.

1 Energy pice scenarios are producdtbm expertinsights ancknowledge, e.g. related to expected
rate evoldions related to energy mix and taxation evolutiomsd changing regulation, or publicly
available scenario information.

1 User usage scenarios gpeeferablyproduced from historical data, if available. Examples are-non
controllable load sanitary hot water usage or EV usa§gpecific knowledge e.g. about changing
family composition or intended purchase and installatiomddlitional loads; may be used to adapt
scenarios to make them better fit the future profile. If no historical data is available, publicly available
databases that contain specific profiles, or profile generation toafsbe used to create such usage
related scenaios.

Scenarios must be supplied as a tiseries, with a parametrizable time horizon, and a parametrizable time
resolution. Followingscenariosare currently usedn our project
1 Weather conditions: temperature and solar irradiatjon

1 Energy prices: distinguishing between offtake price, injection price (and local PV generation price) tc
account for nenet-metering conditions;including dynamic pricesjncluding capacity tariff
parameters

1 Non-controllable load/consumption

1 Flex relateduserbehavioufusage patternssanitaryhot water tapping, EV usage, comfort setpoints
and flexibility

Performance guarantees are givierrelation toan agreedscenario. To compare the realized performance
against the performance guarantea,re-caibration of the former is done to account for thdifference
between the scenario and #éactual conditions that occurred, as proposed by the IPMN{erefore an
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effective yet simple (NoA Routine Adjustment factor mude defined for each of the scenas, that
captures itsmpact on theenergy performance.

The degrealaysconcept is arexampleof a Routine Adjustment factdor heat demand performance in
relation to weather condition scemms.

For the ABC concept, that focusses on the financial periance includinghe valorisation ofDemand
Responsdy actively contralling flexibility, (Non) Routine Adjustment factors are required that capture
essential characteristics of ergy priceprofiles Onefactor will be related to the average energy price.
Besides (or combined with) that, an adjustment factor will be needed that captures the dynamics of the
energy prices. Both the spread between high and low, as well as the distribution of higher than average
and lower than average prices is importarBesides, it must be decided whether this factor should be
calculated for a complete reporting period (e.g. a full year) or for shorter periods. E.g. as heating flex is onl
available in winter, the price dynamicswinter can be expected to be far more relevant than the price
dynamics in summeif-or the definition of a suitable adjustment factor that captures the dynamics of
energy prices and the relation to DR valorization, we will work with external experts akehstders,as

well as with EVO, the founding fathers of the IPMVP methodology.
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3.6. SCENARIBASED FOREST CREATIORMDDULE

The scenaridasedforecastcreation moduleis fed by the scenarios, amerturbates the scenario in a
stochasticmanner to create forecsts that areused bythe Model Predictive Controfoptimization)
whereas the scenario itself is fed to the Digital Twin simulatidhis wayjt allows to model and analyse
the impact of norperfect forecasts and therefor@ne aspect ofthe non-all knavingnesson the predicted
performance This not only avoids overlyptimistic performance results, but as well makes it possible t
analyse the impact of a good versus a bad forecaster on the result of the optimizhiramy the
operational phase

The currenimoduleassumes &aussiarerror distribution(seeFigure7), characterized by mean absolute
error (parameter 1l)and an error variance (paraeter 2). These wo parameters can be set toreate a
forecast as a perturbed scenarmhich is then used in the MPC optimization in the Energy Costfloash
Quantification

error
probability

Parameter2

>
<+ error
Parameter1

FIGURE ¢ A GAUSSIAN ERRORTREBUTION IS ASSUMEDR THE FORECASTOHR
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4. CONCLUSION

In the scope of the AMBIENCe projeztProofof-Concept version of the ABEPENatform has been
developed.lts main purpose is to be used during the pilots, andebfeedback from the Advisory Board
members and releva stakeholders.

Somefuture improvementshave been identified alreadhat will increase its applicability by ESCOs in a
commercial setting

1 Typically, multiple scenarios and design options must be seclgnd compared not only with the
(adjusted) baselinperformance (i.e. before measured)yt also with each othereg. to compare a
deep renovation versus a mild renovation with electrification and DR. Besides, the specific impact
of the smart control of individual assets could dr@alysedby selectively activating or dactivating
their smart control This means thamultiple quantifications must be dondor different design
options and/or scenariosk.g. explord®V sizes betweenklowatt peak KkWp) and 20 kWp in steps
of 2 kWp.To facilitate and further automate this processipport for multiple parameter values or
ranges could be added to automatically quantify the performance for each of thencdledt this
information in a single overview to facilitate the comparative gsglin this case, the quantification
(adjusted) baseline performance must only be done once.

1 Specific information from th€onfiguration Fom must be copied over tepecificmodule inputs
and input formats. Some of these are based on JSKErefore, thecreation of these specific
module inputs from the Configuration Form could be automate®s a next step, the excel
ConfigurationForm could be replaced by a webforthat can be filled in remotely

1 More sophisticated asset and flex models could be intreduie.g. multizone building modelsr
seasonal building models.

In work packageb, a strategy will be developed to make this platfoanailable for interested ESCOs
and stakeholders.
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5. ANNEXES

5.1. ANNEXL ¢ EXAMPLENERGY COST CARBV QUANTIFICATION
COMPARING MULTIPLESIGN OPTIONS FORIXEN SCENARIO.

BelgianFreestandingSingle Family Building
1 Dimensions
o 2 floors
o 84 m2(ground floor)
o 412 m3
1 Characteristicbefore measures (baseline)
0 Roof: 105 mZno insulation)
0 Outer walls 176 m2(brick 9cm, cavity 3cm, limestone 14cm, plaster 1;cm)
o Windows (12): 48n2 total (single glass)
1 Baseline energy consumption and cost
o Gas: Space Heating and DHW: 1.079 m3 (11,870 kwWh_thermal)
o0 Electricity: 3.605 kWh_electric
o ¢20Ff SySNRHe 02adY mMdp dpe
1 Scenario:
o tariff structure change (stopping net metering)
A 2yadzYLIIA2Y,Y ndupek]?K
A FeedAyY nodnpexki?K
o0 Exogeneous parameters: 2018 conditipns
0 User usage profilesneasured profiles

91 Design options:
o Envelop measures
A Roof: 105 m2rockwool 12 cm, 0.04 WiK)
A Outer walls: 176 m23(cm cavity filled with PUR 0.025 W/mK)
A Windows (12): 45n2 total double glaziny
0 Infrastructure measures

A Electrify heating and DHW: switching to a Hegaimp (Coefficient Of
Performancg COR space heating 3.5, COP DHW);
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An exampleEnergy Cost Quantification and analysis of the impadative Control and thermal buffer

ambience

A
A
A

Add PV (&Wp),

Space heating buffer (various sizes)

DHW tank (various sizes)

0 Active control measures: minimize for energy cost

dimensionds depictedbelow:

No net metering, without smart control

No

Domestic hot water buffer size

no buffer 100l 2001 400l
v no buffer consumption LAAQ consumpt'on consumption 7.591 consumption 7.676
w cost 1.124 cost cost 1.184 cost 1.197
% 100] consumption 7.463 consumption Y563  consumption 7.615 consumption 7.692
[ cost 1.127 cost [1.169 cost 1.186 cost 1.195
'% 5001 consumption 7.473 consumgption /.572  consumption 7.624  consumption 7.708
o cost 1.128 coigt L.170 cost 1.187 cost 1.200
§ 4001 consumption 74920 mCOnsy mption /.591 consumption 7.643  consumption -

cost 1.132 cost .174 cost 1.191 cost]
net metering, with smart control 222¢

Domestic fjot water buffégsize 275€

no buffer 100l 2Q01 400!
" no buffer consumption 7.368 consumption ¥.407  consumption 7.428 consumption 456
w cost 994 cost 944 cost 941 cost 942
% 100! consumption .90 consumption consumption 7.488 consumption 464
fo cost 984 cost CE cost 935 cost 936
'% 500l consumption 7.385 consumption 7.422  consumption 7.439  cowsumption 467
§ cost 977 66.€st cost 931 cost ] 933
(% 400| consumption 7.376 consumption 7.430 consumptity /

cost 971 cost 929 cost 928 cost 930

-
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ABBREVIATIONS ANDREINYMS

ABEPeM Active Building Energy Performance Modelling
AEPC Active Building Energy Performance Contracting
BEMS Building Energy Management System

C Capacitance
COP CoefficientOf Performance
DHW Domestic hot water
DR Demand Response
EPC Energy Performance Contracting
EEM Energy Efficiency Measures
E&FCM Economic and Financial Calculations Module
ESCO EnergyServiceCompany
EV Electric Vehicle
HP Heatpump
IPMVP International Performance Measurement and Verification Protocol
JSON JavaScript Object Notation
KPI Key Performance Indicator
kwWh Kilowatt hour
kWp kilowatt peak
MPC Model Predictive Control
NPV Net Present Value
PV Photovoltaic
R Resistance
\% Voltage
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