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EXECUTIVE SUMMARY

5SSt A0SNIofS 5udm a¢KS ! OGADBS . dzAf RAy3d 9ySNHe t
the concept deviepment for the Active Building Energy Performance Contracts (AEPC) and the required
methodology for its implementation. This document focuses on the aspects of AEPC that are specificall’
considered as an extension to the classic Energy Performance GogrdgePC) and would require some
changes in the process of developing and implementing an energy performance project.

In this deliverable, the comprehensive definition of AEPC is introdudgbdapter 2 highlighting the core
intentions of AEPC in supporg the electrification and G@mission reduction measures in the building
sector. It will extend the scope of such performance contracts from energy efficiency guarantees (in
relation to comfort and other welbeing guarantees) to broader performance gastees related to
leveraging flexibility and storage capaciti@ae main achievement of electrification in the building sector
along with the recent technologies is the improved smartness level, which both can effectively contribute
to the obtainable flaibility level from a building. Although investing in flexible resources (such as solar
panels, electric vehicle charging, energy management systems, etc.) is currently considered in the class
EPC procedure, the availability and responsiveness of thibifiey in the buildings have not been the
F20dzaAd ¢CKSNBF2NBI dzaAy3a GKS !9t/ Qa I LIIINRI OK ¢2
contracting. This chapter discusses the required changes and their impacts on the interactions betweer
the staleholders in EPC.

The main idea behind the concept of AEPC revolves around the addition of deesmpathseDR) to the
procedure of energy performance contracting with a purpose of deploying the available flexibility in the
buildings (already existing onesthrough renovation) in a meaningful way that brings new value streams
to the EPC business modelQhapter 3 the role of DR in the EPC pessand its impact from both implicit

and explicit DR is presented. Moreover, the business value that the deraapdnse will bring to an EPC
project is discussed

The AEPC development and implementation follow the main stépslassic EPC pra=However, the
extended new concept necessitates taking extra quantitative and qualitative measures by the Energy
Sevice Companies (ESCOs) during various phases of an active building energy performance contractit
project. In Chapter 4 development phases of an AEPC project and the methodology for its
implementation are presentedThis methodology will describe the #e phases in the AEPC and will
provide strategies, procedures, technologies, integration guidelines and examples of best practices for
each of the three phases. This should allow ESCOs interested in the concept of AEPC tmethisark

new concept
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1.INTRODUCTIOAND BACKGROUND

1.1 THE CONTEXT
Energy Performance Contracting (EB@)mechanism for organising the energy efficiency finangirigh
provides customers with a comprehensive set of energy efficiency, refdewaiergy and distributed
generation measures and often is accompanied with guarantees that the savings produced by a project
will be sufficient to finance the full cost of the projeét.typical EPC project is delivered by an Energy
Service Company (ES@®p can unburden the client by proposing an optimal set of measures, and give
performance guarantees for the projected savings pagtbacktime.

The activities of ESCOs and the market for EPCs emalagyegside the demand side management (DSM)
programs viich have as the main goal encouraging thensumer to use less energy during peak hours, or
to move the time of energy use to gfleak times such as night time and weekentlsese modifications

in energy demand could result in both energy savings andsanéhgq1].

The implementation of DSM in buildingsnges fromimproving energy efficiency to fully autonomous
energy systems that automatically respond to shifts in supply and demand.

Energyrelated savings (either amount or costan basically benade in two ways: throughEnergy
Hficiency (EEdr Demand Response (DEErelates to any program that encourages the end user to be
saungenergy in a longerm or permanent perspective, viEBEmeasures such as lighting retrofits, building
automation upgraées, HVAC improvements and building envelop insulation.

In contrary,DRrefers to programs that encourage end users to make sterh reductions in energy
demand. Theseshoit SNY GNBalLl2yaSa¢ | NBE (NRIISNBERmarke orLINA O
initiated by theTransmission System OperatdiSQor Distribution System OperatobSQ. DR activations

last from a couple of minutes to some hours depending on the DR program, and might include ¢dining

or dimming lighting banks, adjusting HVIkCels, or shutting down a necritical manufacturing process.
Onssite generation and storage systems can also be used to adjust loads drawn frgnidthe

EPC is born from the idea that a significant part of costs and savings are conceotragaloitaion or
operation phase of the building (incl. user behaviour), not only in the design and implementation part of
buildings and their installation or energy saving investment. It also stems from the assessment that
specialized actors (Energy Services Cangsor ESCQsmay be better placed to optimize energy in
buildings, including integrationf advanced building control technology and monitoring, than building
owners and users. THEPGnodel is based on outsourcing energy savings and management andgshift

the risk ofunderperformanceto a private party i.e. theESCO. It may be extended with the concept of
ESCQinancing to provide an overall integrated solution. It is a very flexible concept that is based on
functional and performance driven tendersdhnontracts. From service contracts based on energy savings,

it sometimes evolves into pure service contracts at a different level like-aggaService or Comforas
a-Service. In (classical) ERIG: focus is on designing and implemigt various energ conservation
YSIFadz2NBa 09/ a0 gAGK GKS FTAY 2F FOKASGAYy I G 3I3dzlk N
measured on a yearly basis. They include measures on regulation/(re)commissioning of existing
installations,upgradesand replacements of»asting installations by new installations (HVAC, relighting,
renewable energy) and building envelope insulation measures (edj.or attic insulation, floor and wall

a
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insulation, new glazing or new doors and windows). Ambition levelsyaarirom simpk optimisation of

the operations to deep energy retrofits. EPC typically involves also more or less comprehensive
maintenance, turning them de facto into Maintenance & Energy Performance Contracts. The key actor of
EPC is the ESCO who is in charge ofgingvthe EPC to the end customer as a DB(F)k#&service(i.e.,

Design (D), Build (B), Finance (F), Maintain (M) and OperateA@bher important actor is the EPC
project facilitator, who accompanies the end customer from A to Z through the assessfeasibility

study, competitive tendering, implementation control and follap. EPC typically uses the principles of
Measurement & Verification (M&V), supervised by one or more Certified M&V Professionals, who may sit
within the ESCO and or EPC projecilitator. Public or PubhlPrivate Onestop-shops may act as Project

or Program Facilitator, aggregating and/or pooling projects of multiple end customers or with multiple
buildings. They may also act as Market facilitators to increase market demariét amarket development
barriers[2]. A comprehensive study on various EPC models as well as the actors involved in the EPC
procedures is presented in deliverable D1.2.

In DRFlexibility, the aim isto chang demand for energy in time, while leveraginggaricomponents (e.g.
capacity based pricing), tariff structures (e.ime-of-use pricing), temporary storage capacity (e.g.
batteries) or other demand side parameters (e.ghifting or stopping production or energy usage
temporarily) that use this temgrality to reduce and optimize energy costhe reduction is a result of
Energy suppliers or DSOs/TSOs may be willing to provide such dynamic pricing mechanisms to en
Odzali2YSNAR O60GKIFG IINB adzZFFAOASy(ifte oA3I0O nHlekbldd &
consumption patterns from multiple endustomers), with the purpose of balancing the electricity
network. DR/Flexibility typically usadvanced algorithms to optimize energy demand, while taking into
account pricing and flexibility parameters well &end customer constraints].

As comprehensively analysedDeliverable D1.2 (Section 5.4 USAGE AND ANALYSIS OF DIFFERENT [
TYPES WITH DEMAND RESPONSE), most of the EPC models do not consider flexibility. There are se
barriers to be encomtered for integration of flexibility and DR in EPC models such as the absence of
dynamic tariffs. Moreover, the impact of this integration is highly dependaerthe type of EPC and the
business case considered for the EREhough most of the existingFEE models consider active control,

they are being used for energy efficiency measures. Therefore, integrating the DR/Flexibility aspect and
the active control in EPC model not only brings new value streams but also necessitates provisianing of
new EPC pe.

The Activebuilding Energy Performance Contracting (AEPC) concept aims to extend existing EPC concepit
with elements forDemand Responsand Flexibility. Today, most EPCs are focused on commercial and
public buildings, whereas most DR services arag@edfféowards large industrial users, although some initial
implementations exist for tertiary and (multiple) residential buildings, like respectively demand driven
regulation and neighbourhood batterie$he challenge in defining the Actibeailding EPC caept is in
merging two worlds with quite different technologies, services, business models, end customer profiles
and actors into a single consistent new concept that can be implementadinader range dbuildings,

while creating an interesting new bngss model to enhance existing business models. The ultimate goal

is to invite existing actors to develop new business models or to attract new actors into a market with
interesting new business potential.

Q
"
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1.2 PURPOSE AND SCOPHKIEDOCUMENT
The purpose ofhis document is to define the Activmiilding Energy Performance Contract (EPC) concept
and methodology. It will take as a basis the EPC concept and methodology and adapt and extend it to adc
demand response related value streams, as well as the spéedfiares that are needed to make it
applicable to a wider range of buildings and to clusters of buildifige scope ahe Deliverable D2.1 is
to describe the general features of concept and methodoladyle the accompanyinglatform for the
implementaton of AEPC (i.eActive Building Energy Performance Model{ABEPeM)) is coveredtime
deliverableD2.2. The extended business models related to AEPC will be presediva@rableD2.3 and
specific aspects related to the complexityamplying AEP® a broader range of buildings including the
multi- tenant building and clustes of buildingswill be described in D2.4

Q
"
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2.THE ACTIVE BUILDIEBC CONCEPT

In this chapterthe Active Building ER©Gnceptis defined extending the general definition of ERfat has
been described in the previous chapter.

2.1 DEFINITION
GThe Active building EPC (AEPC) Concept is an enhanced modular and perfbasedicéelivery
mechanismusingthe financing mechanism for the energetic renovation and optimisation of exiatidg
new buildings, tapping into all passive and active energy and cost saving measures, while leveraging ¢
comprehensive set of technical, operational, usage, behavioural and dynamic energy prictQ
parameters. The AEPC concept is an enhancemeine¢ diasic EPC concept, through a strong focus on the
electrification (also of the local heat supplgnd including mobilityand the addition of Active Control
measures

In order to understand better the conceptaeh element of the definition is furtheexplained and
elaborated inTablel:

TABLEA ¢ REPRESENTATIONTERMS IN THE CONTEEFINITION

The term in the definition What it represents
It provides additional services and buosss opportunitie
with regard to the current EPC model.

The concept isnhanced

It consists of different building blocks or modules
The concept isnodular services that can be included (or not) and tailored to me
customer specific requirements.

It is outputdriven withthe ESCO taking on performanc
guarantees on cost or energy savings, as is the case
EPC today. Additionally, in the AEPC, DR seraises
need to be performancéased.

The concept iserformancebased

All theelements are provided to deliver full energy savil
The concept provides@elivery and demandresponsepotential to the customer as ar
mechanism endto-end product, including all hardwaresoftware,
and service components.

This means that the business coptecludes (or at least
strongly leverages) a financing solution or scheme tl
The conceptisesa financing allows for a third party to pay upfront for the necessa
mechanism investments while being reimbursed over a longer peri
of time, allowing for a profitable business case for bo
the financier and the customerAlthough this aspect is
mainly similar to the current approach for thé&PC

Q
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financing, it also considers the revenue from the I
programs and effects of DR implementation in tf
cost/saving.

The concepttimulates energetic
renovation

Thetypical EPC services that allow for energetic build
renovation (e.g.HVAC, lighting, insulation) are includec

The concepttimulates energetic
optimisation

The demand side services that allow for the optimisati
of energy consumption ancosts are included.

The concept can be usedénisting
buildings

It canbe appledto existing buildings.

The concept can be usedriew
buildings

It can be applied to new buildings, which may requi
some specific M&V methodologies

The concept leveges a
comprehensive set dkchnical
parameters

It will use the technical characteristics of installations
introduce flexibility and allow the delivery of the activ
building energy services, e.g. (peak) power shaving.

The concept leverages a
comprehersive set obperational
parameters

It will use the operational characteristics of installatior
to introduce flexibility and to allow the delivery of th
active building energy services, e.g. temperature ¢
points.

The concept leverages a
comprehensiveet of usage
parameters

It will use the technical characteristics of installations
introduce flexibility and allow the delivery of the activ
building energy services, e.gcomfort requirements,
production schedules or opening hours.

The concept leveges a
comprehensive set diehavioural
parameters

It will use the technical characteristics of installations
introduce flexibility and allow the delivery of the activ
building energy services, e.gmanual temperature
controlsandenergy wasting behawur.

The concept leverages a
comprehensive set afynamic energy
pricing parameters

Dynamic energy pricing can occpotentially through
Implicit DR (involving tariff structure parameter:
including incentives in the contract between the DSO/T
and the BBCO on how to activate flexibility) and Expli
DR (based on ad hoc requests and negotiations
incentivebased prices per event)

The concept leverages a
comprehensive set afynamic CQ
pricing parameters

This could be both directly (through e€®ading) or
indirectly (by stimulating the use of renewable electricit

Q
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As mentioned before,ite AEPC concept is an enhament of the basic EPC concephis means that it
provides extra features (i.edemand response/flexibility) but has all of the chaexddtics of a classical
EPC (e.g.performance guarantees, use of Measurement & Verification, functional specifications &
tenders, high scalabilityetc). Moreover, it puts astrong focus on electrificatigrspecificallyof the local

heat supplyas eplaang existing gas fired boilemsith electrical heat pumpss keyto hawe flexibility
potential and active control measuresas the mplementation of Active Control is what will allow
automating the demand response.

Based on this definition, AEPC is a typeg@formance contract that has the potential to extend the
performance guaranteeleveraging from the flexibility in the buildings. In this serke,scope of energy
saving guarantee is extended to cost saving guarantee which is a direct result oMRiesut the building
(e.g., load shifting, load shedding, setinsumption). As a result of increased electrification; @@ission
reduction is also guaranteed.

2.2 THEVALUE CHAIN
With an extended definitiorof energy performance contracting, it is imgant to provide the main
stakeholder (i.e. the ESCO) with an extended and updated value propo3iierexisting energy services
value chairfrom the primary to the useful energy, with the respective business masgaslsown irFigure
1. Primary energy indicates the primary energy that can be saved such as crude oil, natural gas, coal, etc
Secondary energg the type of energy that is considered as utilities and covers electricity, district heating,
heating oil, natural gas, bioass, etc. Although there are business modietsenergy savingn secondary
energy thisis not included within the business scope of ESCOs. On the other hand, the other two energy
contracting modelswhich are Energy Supply Contracting (ESC) andaEcdvered by ESC@shile in
performance contracting, the purchasing of secondary energy remains with the building owner and its
contract with a retailer.

At Energy Supply Contractiray efficient supply of final energy such as heat, steam or compressesl air
contracted and measured in Megawatt hours (MWh) delivered. The model includes purchasing fuel and is
comparable to district heating or cogeneration supply contracts. The energy efficiency measures in this
contracting model usually include replacinglba, fuel change, local heating networks biomass heating,
combinedheat andpower plants, solar systems, et&s for Energy Performance Contracting, which is the
basis for AEPC, the focus is on reducing final energy consumption through energy effi@arsayasisuch

as thermal insulation of building envelope, lighting, energy management systems, peak load management,
etc. The business model here is based on a savings guarantee compared to a predefined baseline which |
stated as Neg&att hours(NWh)[4, 5.

Q
N
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BUSINESS MODELS

|
[ I |

Standard ENERGY SUPPLY ENERGY PERFORMANCE
ENERGY SUPPLIER CONTRACTING CONTRACTING
(UTILITY) (ESC) (EPC)
Primary Secondary _‘@'_ Useful Energy
energy energy - m‘:fgy za’\;lngs
L \
\ ESCO /

FIGURE- BASIC ENERGY SERYNA UE CHA(SOURCE: IEA TASK 16

By adding the demand response programs/flexibility to the business model of the energy contracting, the
value chain can be extended as showrFigure2. It shows that in AEPC the amount of flexibibty
FlexiWatt hour (FWh) isan important measure as itocuses on the value that is obtained from DR and
addedflexibility.

BUSINESS MODELS

p
Standard ENERGY SUPPLY ENERGY PERFORMANCE ACTIVE
ENERGY SUPPLIER CONTRACTING CONTRACTING BUILDING EPC
(UTILITY) (EsO) (EPC) (AEPC)
Primary Secondary Na # Useful % Energy DR/
energy energy @ energy savings Flexibility
Mwh NWh F(lexi)Wh
< >
L
\

ESCO

FIGURR- ACTIVERERGY SERVICES VALHAINBASED ON IEA TABR

As the DR/flexibility in buildings are usually treated by the aggregatiérs, & & Fdzy OG A 2#f | f
terms of (energy) services offeréas showrfFigure2), raises the quesgin of what the role of an aggregator

is with respect to the rol®f an ESCOAIthough the ESCO magelf play the role of that aggregator, the
F2ft2gAy3 a0KSYS LINBPOYARSA |y al OG2NAR @It dzS OKI A
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THE ENERGY MARKET THE AGGREGATOR THE ESCO THE C&l PROSUMER

Energy produced by suppli- Agregators acquire Flexibili- ESCOs can facilitate An end-user that no longer
ers is transported and ty from prosumers, aggre- prosumer access ko more only consumes, but also
distributed from and to gate it into a portfalio, than one aggregator with a produces / ourtails energy:
prosumers via distribution create services that maxi- platform that enables from small- and medi-
networks operated by the mize the accumulated multi-building portfolio um-sized enterprises to
TSO and DSO. Flexibility and offer Flexibili- management. Asset identi- large C&| end-users.

ty services to different

fication and extended load
markets.

monitoring capadity is also
provided through advanced
energy analytics.

FIGURB- ACTIVE ENERGY SERYIC & ! / ¢ h w{ AIN(BASED CB])/ |

InFigure3-! OG A @S Sy SNHe& a S NIARases ér3])thedniaig aclirs in Wd attide®ne@K | A
services value chain are shown. It also specifies the roles that each of these act@onaayl. It is clear

that in an AEPC the main actors and stakeholders are mostly similar to a classic EPC with the exception ¢
a more distinctive role for the aggregatdioreover, the necessity of having flexibilaynd the possibility

of participating in DRrograms would make the prosumettse potential endusers for EPC projects and
consequently an actor in Active energy services. Moreover, currently DR programs are implemented in
commercial and industrial energy users, therefore, they are considered émprary actors ofactive

energy services.

2.3INTERACTIONS BETWHEHBEMAIN ACTORS
As mentioned, the main actors and stakeholders in an AEPC are mainly the sarciassc EPC. However,
as the valugropositionin AEPC and active energy service is fléyipihe trade process of this flexibility
through DR and hence the aggregator gains importaki¢¢hin the NOVICEproject [6], the role of the
aggregator in energy upgrade projects and their interactions with ESCOs have been introthueed.
schemeshown in Figure4 RSEONRA6Sa G(KS SEAAGAY3I RATTFSINBG GAL
traditional market model, both ESCOs and aggregators operate independently from each other, with the
only link between them being the client.time case of buildings, todathere is little activity obggregators
around DR services. While this model may also have a few different structures, depending on who is
assisting the client in their relationship with both ESCO and aggregatqrefedgynd energy consultant,
EPC facilitator, Facility Management company, or a combination of other organisations), the typical
interaction in themarketplaceis depicted The comprehensive analysithe interaction of the actors in
different EPC models is pergted inDeliverableD1.2.

Q
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Aggraga_tor DSO/TSO
(Flex Provider) (Flex Requester)

Client Z

Building 1

Building n

FIGURE: MARKEDNTERACTION IN THRADITIONAL SYSTEBASED ONNOVICE PROJECT)

On the other hand, the AER@del will provide some new dynamics between market playEns.concept

of AEP@ot only onsiders the role of the aggregator but also extends the range of the clients that can be
included in an AEPC project, namely midtiant buildings and clustsof buildings. With these premises,

the scheme irFigureb is envisage for the general interactions of the main actors. It shows that the ESCO
can also assume the role of an aggregator resulting in dividindassles of the aggregatdretween a
technial and market aggregatorThe standard modelfor the AEPGwill move mostof the clieni Q
interaction to the ESCO side of the business, with riirket aggregator featuring as a partner or
subcontractor tothe ESCO. The ESCO acts as a technical aggregator, for multiple clients (customel
aggregation) and multiple buildings (pow), handing the flexibility to the market aggregators, who sell it

to DSOs and/or TSOs. Due to the complexities and legal requirements, the interaction with the TSO / DSC(
as well as payments for DR services must be through the market aggregator.

Dependingon the type of business model that the ESCO would employ for each of its clients, the scheme
presented inFigure5 can assume different arrangements. The details of these arrangements and
interactions according to different busiag cases are provided in Deliverable D2.3.

Q
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3.THE ROLE @EMAND RESPONSEAEPC

3.1 GENERAL
Introducing flexibility will allow to achieve more energygd costsaving than in traditional EPCrhese
savings and incentives result from both implicit and explieihand response opportunities.

Indeed,two types of Demand Response can be distingui$fipd

1 Explicit Demand®esponsés committed, dispatchable flexibility that can be traded (sintbar
generation flexibility) on the different energy markets (wholesale, balancing, system support
and reserves markets). This is usually facilitated and managed by an aggregator that can be ar
independent service provider or a supplier. This forrderhandresponses often referred to
Fd aAYOSYDRA @S RNRA DSy

f Implicit DemancResponsd & (1 KS O2yadzYySNNRa NBIFOGAZ2Yy G2 L
the possibility to choose hourly or shortegrm market pricing, reflecting variability on the
market and tle network, they can adapt their behaviour (through automation or personal
choices) to save on energy expenses. Thisty@Rlf & 2 FiG Sy NB FSINABRE § 2

In AEPC, dih types ofdemand responsare complementary and should coexist to allow émnsumer
choices and enablan efficient energy system. It is important to note that enabling both tyiseecessary

to accommodate different consumer preferences and to exploit the full spectrum of consumer and system
benefits fromDR

3.2DIFFERENT CONMER PREFERENCES NEBEDS
Consumers have different preferences and abilities. Some consumer grangisectly manage their own
demand based on variable market price signals. This is true for large businesses, but increasingly also fc
smaller market paitipants equipped with smart monitoring and/or automation solutions. These
consumers would typically opt to participate in implidiR.

Other consumers prefer to rely on a stable retail price without direct mar&ktted variability. These
electricity corsumers may still have significant flexible resources that can be activated and typically
YIEN] SGSR QAL Fy F33INB3IFG2NE dzadzr t €& ¢gAdK2dzi RAN
would opt for participation in an expliddRscheme.

Finally,some consumerg especially the larger businesses and industrial siteguld engage in both
implicit and explicit DemanBesponsédor different applications and timescales.

It would be a severe limitation of consumer choice if only one tydeRwas alowed in a certain market,
in which casenanyconsumers could be expected not to provide any flexibility to the system at alll.

Q
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3.3DIFFERENT SERVICB\RRIONS
The need fordiverse typesof consumer engagement is not only driven by consumer prefereanes
cgpabilities, but also by technical reasons: certain flexibility functions can only be provided by either
explicit or implicit Demand Response.

For example, explicDRis very well suited to provide dispatchable and reliable capacity, balancing and
ancillay services td'SO and DS@ function that cannot be provided so easily by impdg ExplicitDR

is a resource, which can be measured in terms of capacity available, and hence can be incorporated ir
system adequacy assessments, in a comparable waynergton.

On the other hand, implicDRdoes not require firm commitment by theonsumer to adjust consumption

Fd &LISOATAO (GAYSAazZ odzi €SH@Sa AG G2 GKS O2yadzy
given. Nevertheless, automation proses can imply a decreasedemand above a certain price. With an
increasingly wide consumer participation and automation of energy using appliances and processes, the
predictability and reliability of implicibRcan therefore be expected to grow.

With the above premises, it idearthat by including Din AEPC the energy services that are offered in a
classic EP&eextended.The energy services in a classic EPC are mainly energy efficiency services that are
delivered based on the contract and lead toeasurable energy efficiency improvemenis the
implementation of DR programs will resultamigher energy efficiency level, it is categorised as an energy
service. However, alorgjde the energy services, namergy multiple benefit servicese also diered in

EPCs.

Nonenergy multiple benefit services are considered as diverse benefits that are produced by energy
efficiency measure in addition to the energy and demand savings. There are some typicalangn
multiple benefit services in classic ER@Ga are obtained by different beneficiariesable2 shows some
examples othese servicefd].

TABLE ¢ NONENERGY MULTIP BENEFIT SERVICESLASSIC EPC

Utility System ESCOs and Customers Society

i i 9 Improved comfort
1 Reuced ancillary services p § Improved air quality by

costs 1 Improved indoor air quality CO emission reduction
1 Lower transmission and T Lower operation and

e 1 Increased EE business
distribution losses maintenance costs

In AEPC, due to andreased ICT and sensorization equipment and promoting automated active control,
the possibility of obtaining the abowaentioned norenergy multiple benefits improveBor example, the
DR implementation in AER@II extend the ancillary services cost retion for the system operators.
Increasing sel€onsumption in AEPC projects will reduce the energy flow in transmission and distribution
systems, further reducing the energy loss on the network. Moreover, electrification as a core intention of
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AEPC wouldignificantly contribute to environmental benefit and €@mission reduction. Although
increasing the flexibility level and DR implementation can interfere estttusers comfort level, AEPC
ensures that not only the DR programs run according to the fanhalso the comfort level is not being
compromised.Other than the typical norenergy multiple benefit services mentioned Trable 2, the
followings are achieved in AEPC

1 Cost saving; in classic EPC the calculation of the casgsawa result of energy savingganing
that the energy saving is the direct service offered by a classic EPC aedrthsavings are
calculated based on the amount of energy that has been saled®EPCcost saving is
computed directlyfrom the resuls of implementing AEP&nhd considered as non-energy
service;

1 Increased aggregator business; in classic EPC no role is attributed to the aggregaterns
AEPC the conversation between the ESCO and aggregators are initiated and the required
equipmentfor DR implementation are installed. Therefore, the DR options for aggregators to
offer in the market will increase.

3.4 THEBUSINESGALUBEOF (EMANDRESPONSIE ACTIVBUILDIN@&PC
Figure6 provides a summary of the type of DR sesgithat are typically offered and that deliver an
increased value to the customethe ESCO, antthe utility against an increased investment from the part
of the customer (= prosumer) and/or the ESCO/Aggregator.

Thepossibility of havindPR services veasbased on the available flexibility on the demand side tred

time horizon of its implementatiorStorage and autonomous generation can act as enablers for these DR
servicesAs shown in the figure, load shedding,®Rich provides the option of reduayithe amount of

load on peak hours and consequently helping the grid operation during the peak load tedeson the
availability of local generation capacity or tagreement of the consumer to reduce its consumption in
return for certain incentives.
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Dynamic
A Load shaping &
dynamic pricing

Day ahead
Load shifting

Value for
customer,
ESCO, utility
Capacity only
Load shedding

>

Investment

FIGURE: THE VALUE OF DR FRREREVANT ACTOROURCE: IEA TASK 16

The load shifting DR is a type of DR that moves the electricity consumption of tfeeistaaner to another
period of time. Load shifting is derived from thexilaility of the consumer to change its consumption
pattern upon a request from the aggregator. This request can be triggered by a flexibility request from the
system operator (i.e., DSO or TSO) or by energy market price signals, both resulting in ©gst $ae
schedule for load shifting usually is presented on a-alagad basis; therefore, it requires smarter
metering on the demand side as well as nezattime communication with the aggregator.

More advanced types of DR require higher smartness mvéhe demand sideFor example, load shaping

is a type of DR that adjusts the consumption power with dispatchable load and dynamic pricing. Using the
dispatchable load indicates the intervention of the flexibility provider (i.e. the aggregator) with metho
such as direct load control or implementation of dynamic pricing models. As this type of DR is more
dynamicandfollows closely the system requirements and price changegsultsin higher energy saving

and more efficient energy consumptioit. is cear that this DR necessitates more ICT solutions to be
available on the demand side, therefore, implies higher level of investment. However, as shelgaran

6, althoughenablingmore advancedR application demands higher invesnt, it also produces higher
value for the beneficiaries (i.e., customer, ESCO, system operator, and aggregator).

The valueof DRfor the endcustomer (= prosumer) lies:in
1 Costreductions agslemand response allows businesses to avoid hignergy price at peak

demand times
1 The creation of dditional revenue streamfor end-userswith onsite generation, storage, or
shiftable loads (when the grigses it)

1 Consumers, including businesses, can understand ttwisumption patterns better and
access a wer range othoicesamong innovative services

20| 42
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For DSO/TSOthe value of DRes in

1 Increased system adequacy: security of supply and redpossibility ofoutageswhen the grid
is balanced

Reduced investment in peak generation and electrical netgjork

Balancing resources for renewable generation: demeggponse is a green power enabler,
supporting a greener gridy encouragingend-usersto increase energy use duringriods of
peak renewable geasration (when there is an excesfgreen energy avaitde),

1 Reduced need for coal and glied spinning reserveesulting inlower carbon emissions
The value of DRf ESCOs lies in:

1 Extending their current business offerings and generating new revenue streams

1 Extendngtheir services offering to resideial, commercial or industrial consumers

T LYLNRGAY3A Odzali2YSNI f2elfde o6dz2 2FFSNAYy3I |
For Aggregators it lies an increased availability of flexibility, providing more revenues
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4 THE METHODOLOGY HEYELOPINGNAACTIVE BUILDINGEP

In this chapter, the main steps that are needed for undertaking an active building energy performance
project are presented. The approach presented in this chapter follows the common practice for EPC
projects highlighting the main ddrences and changes that should be considered when an AEPC project is
going to be implemented. In this regard, the general procedure for an AEPC project is divided into three
main phases and is shownhigure7. The main phases&

1 PreContracting phase
1 Contracting Phase
1 Performance phase

Each of these phasdacludes further steps during each phase which are described in detail in the
following.

4.1 PRECONTRACTING PHAS
The firststage for identifying a potential project is émsure that it has the robust basis for commencing a
project, namely conducting the required communications, getting the required approvals, and ultimately
implementing the energy performance contract. Therefore, it is important to define the main olgeaftiv
the project and first evaluation of the potential case. In this regard, thecpraracting phase is performed
through two main steps:

1 Prefeasibility Study
1 Feasibility Study
The mainstepsin this phaseare described below

4.1.1 PREFEASIBILITY STYD
The pre-feasibility studyinvolvesthe collection and analysis of data related to energy users, the
benchmarking of all significant consumptions in the evaluated facility, and the development of a simple
energy audit analysing equipment, estimating consumptiaators based on the energy bills of the
previous years. The potential of flexibility available should be verifie/tolfencinghe flexible appliances
available in the building and a preliminary analysigossible new equipment to be added/installed
(design options)This step is usually done within weeks throwggtite visit anda survey with theclient.

4.1.2FEASIBILITY STUDY
The feasibility study (FS) aims to objectively and rationally uncover the strengths and weaknesses of the
existing business or proged opportunities and threats as presented by the environment, the resources
required to carry through, and ultimately the prospects for success. The results determine whether the
solution should be implementedin an AEPC, the feasibility study wouldalstermine if the case should
be considered for an AEPC or is better suited for a classic EPC.
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The feasibility studysually consists of

1) A technical feasibility studthat checks every conditiofor the realization, the installation and
maintenance dthe new energy saving measutes

2) An economic and financial analysigat uses theechnical feasibility studio developa preliminary
cost estimation which includes @lbssibleproject expenditures and revenuges

3) A ocial and environmental sustaihgity analysighat considers environmental and social costs and
benefits of the proposallt specificallychecks:

1 (Avoided carbon emission
1 Other produced/avoided impaci{$or example, increase or cut of noise and vibration)

The process of conducting=s usually takes months to be performed depending on the availability of the
data and the extent of the project. The outcome of this phase is a potential AEPC business case with
roughestimation ofthe financial requirements of the project. The ESC@PCEC facilitator can take suah
business case to an investor.

4.2 ONTRACTING PHASE
The contracting phase as foreseen in the AEPC is the pivotal phase for the development and
implementation of the project. In AMBIENCe, the process that is represented dodéscaston the
common steps that the ESCO needs to take to develop an EPC (e.g., tender preparation and publication,
asking for expression of interests, etc.), but rather discusses the main steps that require enhancements
or need extended activities for delping and AEPC. Therefore, the contracting phase in AmMBIENCe
highlights the two main steps:

1 Contract design phase where the main calculations and quantifications on the terms of the
contract and shaping the features of an Active Building EPC are pedorme

1 Deployment phase where the selected project design options are being installed and
performed.

This phase is particularly important for a successful EPC project as the main measures and features of
the contract are calculated in this phase. The accuaatyadequacy of terms defined in this phase will
contribute to lower risks for the ESCO as well as better performance gain for the client.
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FIGURE- THE PROCESS OFIXEBUILDING EPC BEE®@PMENT

4.2.1CONTRCT DESIGN

In the proces®f shaping theAEPCvarious calculations arequired.In the following suksections, the

methodology in AmBIENCe for achieving the required basis for the contract is described. Besides, the
contractual clauses in AER compared with a typical clasdtPC and the main required extensions

and added clauses are described.
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Proof-of-concept Calculation Platform

In AmBIENCe project, a preofconceptplatform is developed with various modules that serve the
required calculations for designing the AEPC @mit The main methodology deployed by AEPC is
enhanced by effective methods that are implemented in the ABEPeM platform. The detailed description
of the platform is described ideliverableD2.2. However, in this chaptdré main modules of this platform

and how they are used in the process of ABRGrieflypresented.The interactions between the modules

of the ABEPeMre shown inFigure8.

The main modules of thaBEPeM platform are:

Energy cost casflow quantificationmodule
Gonfiguration form

Hex model creatioomodule
Economic/finangal calculatiormodule
Scenario creatiormodule

Senariobased forecast creatiomodule

= =4 4 48 -8 4

ABEPeM Platform

Flex model
creation Module

Configuration
Form Module

Economic/Financial

calculation Module

Energy cost cash-flow
quantification Module

tion and base-
information

Scenario creation Scenario-based fore-
Module cast creation Module

FIGURB- THERELATION OF MODUILER\BEPEM PLATFORM
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(1) The Energy Cost Caflow Quantification Module

The purpose of this module is fyovide a scenariariven modeldo 8 SR lj dzt YGA FTAOI G A 2
energy cost through optimization using a model predictive control method. This module gives the
optimal power consumption profile W appropriate temporal resolution. The temporal resolution

mainly assumes high resolution as the objective of the optimization is to manage the energy
consumption in the building considering the flexibility requirements/availability as well as the DR
activities. This module supports the ESCO in calculating the energy consumption profile according to
the EE measures and DR/Flexibility measures and its outputs are considered as inputs for calculating
the energy cost profile and emission profile calculations.

(2) Configuration form

This module provides the template for acquiring the required inputs for energy cost cash flow
guantification module, the Flex Model Creation module, and the Economic/Financial KPI Calculation
module It includes several excel sheetrfts gathering several information including:

1 The EPC projectoptions information including beneficiaries, contract duration, total
investment, etc.

Building information

Measures information

hLIWAYATFGAZ2Y 202S0GA03SQ

Scenario information including price s@ios

= =4 -4 -

(3) Flex model creation module

Thepurpose of this module is tdetermine relevant flesxcharacterization parameters of the building and
selected flexibility assets.

(4) Economic/financial calculation module

Thepurpose of this module is to support the ES&21@ other AEPC beneficiaries in the process of decision
making for an investment in the selected energy efficiency measures combined with DR flexibility from a
financial and economic point of view. This module has a key role in the process of AEPCnaavielop
because it determines the savings and revenues of the project by providing the relevant cash flows and
the financial key performance indicatofisPIs)

(5) Scenario creation module

The purpose of this module is to provide scenarios of future evolutiomg the projectto predict and
compare performance KPIs feariousdesign optionsThe module produces a set of scenarios and the
agreed ones will be included in the contradthese scenarios are later being used &oljusting the
performance guaranteesithe M&V procedure.

(6) Scenariebased forecast creation module

The purpose of this module is to provide forecasts of the scenarios created in the-aismi®ned
module. These forecasts are being used in the optimization model to avoid over optimisticnpenfe
results.
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Anothercentralaspectof the contracting phase of AEPC is to define the performance guarantee measures
and calculate themFrom a strategic perspectivand considering the main vision of the AEPC towards
CQ emissiam reduction,minimum performance targets such as £&avings, energy savingsnergy cost
savingsand/or the generation o& certainkilowWatt hour (kWh) level of renewable energy per annucan

be defined as the performance guarantee of the contriasimportant to mention that AEP,@long with

the kWh savingdeliverseuro savings aa performance targethat is another extension from classic EPC
The reason is that only stating the kWh savings may discourage sorrsag0®j measureshen it comes

to DR implementationAn exampléas theload shifting DR which does not necessarily reduce the amount
of kWh consumed but rather shifts it to a cheaper period of consumption resulting in higher energy cost
saving.

The performance guarantees are also beindras in the process of running the ABEPeM platform in
agreement between ESCOs and beneficiaries because these guarantees underline M&V adjustmen
factors affecting the ESCO compensations as well as the behavioural responsibilities of-tieeremd
energy consumption and DR activities.

Usually each ESCO has its own template and the main items to be identified in the contract depend on
GKS OFrasS IyR GKS OfASYydiod |1 26SOSNE SOSNE duddd LINE
within each template thatsgoing to be used. Ithe followingTable3, the main clauses of the EPC contract

and how it should be changed in an AEPC contradisted.

TABLB ¢ CONTRACTUAL CLESISI EPC AND AEPC

Main Clause EPC AEPC

The results from the energy audit wil
a focus on flexibility resources and [
options are to be cosidered in an
AEPC.

Presents he results from the energy
Energy management plan| audit and consides themas a reference
for the contract.

As the energy input isnportant for the
smooth operation of AEPC module
the required data and necessa
granulaity for calculating the flexibility
and optimization procedure should k
agreed. Some added data introduce
in the AEP@ay include building usag
patternsand the occupancy model.

Describes e main agreements on th
required energy measurements and dé
records.

Energy records and da
management

Starting date and terms ¢ Mentions the start date of the cordict as| Should follow the same approach as
contract well as the contract duration. classic EPC.

Payment to ESCO Includes the terms fothe energy saving{ This section needs to be carefu
guarantee and how the payments should| modified in an AEPC according to 1
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made to ESCO. This section also covers
review and reimbursemerprocess and the
compensation and fees.

possible interaction model that |
considered between the ESCO, {
aggregator and the client. The flexibili
usage estimation and any poskit
Explicit DR plan of the building shot
be considered for modification of th
clauses in dealing with possit
disagreements. The compensations
the ESCO and risk burden should als
associated to these plans.

Coordination and
approvals

Speciles the ESCO
equipment installations.

requirements f

Should follow the same approach as
classic EPC.

Location and access

Describes the responsibilities of bo
parties for the installed equipment in tern
of protection and access.

Depending on the typesf DR plans an
interaction models that are considere
in an AEPC, this section should &
specify the access margin that
allowed for the aggregator (technical |
market).

ESCO Responsibility

Specifies the responsibilities of the ESC(
regard to posible damages to the premise
and its content during the installatio
period.

Should follow the same approads a
classic EPGCexcep when new DF
programs are considered within AE
which entail some activities from th
aggregator and in that case the marg
of responsibilities of the ESCO sho
be identified in this section.

Construction and
equipment installation

Soecifies the conditions during th
deployment phase.

Should follow the same approach as
classic EPC.

Standards of comfort

Specifies thecomfort standard level tha
needs to be followed by the ESCO in
operational phase (including temperatur
lighting level, heating, cooling, watt
temperature,Indoor air quality)

This section should be design
carefully with all DR programs that a
considered in AEPC, active cont
measures, as well as the agreeme
that either the ESCO or the ender
will have with an aggregator if thé
could interfere with the comfort level.

Equipment warranty

Specifies the warranty of the installe
equipment.

Should follow the samespecifications
as fa a classic ERC

Training

Describes #raining period for the endiser
on how to use and operate the new
installed equipment.

Should follow the sam@rocedureas
for a classic EP@ith an emphasis ot
the active control measures, DI
programs, and flexible resources th
are added for AEPC.

Q
"

28| 42



Qs ambience

Equipment service

Specifies the responsibilities of both parti
for repair and maintenance of th
equipment due to a malfunction or
emergency.

Depending on the business modbht
is chosen for the AEPC, this sect
should be extended to all partie
involved (i.e., the aggregator)

Upgrading or altering the
equipment

Describes e terms and conditions fo
changing the equipment or its operatir
procedure.

These terms and coiittbns should be
aligned with therequirements of the
DR program in the AEPC as well as
taken business model interaction 1
include the responsibilities that may t
considered for the aggregator.

Material changes

Outlinesthe definition of the term meerial
changes which covers any condition, otf
than weather, that affects building energ
use by more than the negotiate
percentage.

In AEPC, this part needs to cover
conditions that will cause deviations
the annual energy consumption ar
flexibiity calculations. These item
include any changes in the structul
operation, hours of occupancy, ar
number of occupants. These items v
be used as baseline and savir
adjustment factors in the M&V plan.
is the responsibility of the client t
inform the ESCO of any possil
changes in this regard either due
changes in the premise or as a resuli
certain DR program by an exterr
aggregator.

Representation and
warranties

Indicates the praequisite and the

authority of each party in the contci

Should follow the samapproach as fo
a classic EPC

Additional representation
of the parties

Mentions the method for ESCO to superv
0KS Of A S ycywRhiits dbRytibis.

Should follow the samapproach as fo
a classic EPGCwith an extende

AdzLISNIA&AAR2Y 2y

according to the DR/flexibility plan.

Casualty and
indemnification

Indicates the requirements for insuran
and indemnification

Should follow the samapproach as fo
a classic ERPC

Ownership

Identifies the mainProprietary Property
Rights. These rights are related to t
software used by the ESCO for t
calculations and adjustments in th
contract, the ownership of the existing ar
installed equipment, and the resul
produced in the project.

For AEPC, thaBERM platform (in its
extended form) is the main software 1
produce the energy management pl:
of the project which should b
considered the property of the ESC
However, irthe case of already existin
DR programs with  equipmer
owned/installed by an exmal
aggregator the rights of ownersh
need to be specified in this claus
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Usually, the diagrams and profils
created for the implementation of the
project arethe property of the client. Ir
the case of AEPC, depending on |
business model and involveme of
market aggregator (who may also u
the profiles produced for the projec;
the rights need to be clarified in th
clause.

Default and remedies

Mentions default events and the
responsibilities of ESCO and client
response to them as well as thdsgdute
resolution procedure.

In AEPC, the same procedure
followed as in classic EPQvith
extending the default event definition
to explicitly define DR related defaul
and possible responsibilities/actions
be undertaken by the aggregator.

Force mgeure

Describes the reaction procedure (actio
and timing) to unexpected force majeu
situations.

This clause in AEPC extends the fc
majeure situations to events that affe;
the flexibility service providing (eithe
for implicit or explicit DRBomeactions
may be assigned tocoordinated
remedies between ESCO a
aggregator.

Assignment

Discusses the possibility of assigning
contract to another party by the ESCO &
mentions that the new contractor needs f
comply with all the existing terms ar
conditions.

Should follow the same approachtage
classic EPC sintiee flexibility and DF
are already included in the terms at
conditions of the AEPC.

Miscellaneous

Describes ay other condition which do no
adaptin other clauses.

Should follow the sae approacthas the
classic ERPC

External/third party DR
activities

This clause needs to laelded to AEP(
in the case ofthe existence of ar
external aggregator  to tak
responsibilityfor providing certain DF
activities.

Agreement on the basis o
price

In generaljn classi&PC, the@ricesare
fixed (average price). This clause
AEPC determines the basis for ene
prices thatneed tobe extended base!
on the types of DR that are included
the contract and most likely need 1
include dynamic tarfs.
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Normally energy performance contract clauses are accompanied by diffarer@xesthat describe in
detail the procedures to be undertaken during the project. The followaimgexes are the main ones that
are extended and enhanced in AEPC in compatsatassic EPC:

- Annexfor baseline creationThe baseline energy consumption is the key element in any energy
performance contract that is used as the basis for calculating the savings and controlling and
monitoring the performance of the contract. In AEPthe baseline creation is done using the
ABEPeM platform modules through a model predictive control optimization technique
considering the flexibility assets and both implicit and explicit DR. aftriexis considerably
enhanced in comparison to the ckas EP@s it incorporates flexibility, active control, and DR in
the baseline creation.

- Annexfor savings guaranteeln a classi EPC, the guaranteenexcovers the energy savings
covered by ESCO. However, in AEPC, other than the energy saving, ogsssasbd guaranteed
in the contract. Thisnnexdescribes the detailsf how these savingare being calculated using
the ABEPeM platform (Deliverable D2.2).

- Annex for ESCO compensatioThe ESCO is compensated according tocghantity of the
achieved avings. In AEPC, the ESCO compensation should be carefully detailed in response tc
the achieved guarantees due to the EEM and DR measures within the scope of the contract. The
annex forcompensation should algakeinto account the possibility of dual #téility services in
case of external/third party DR activities.

- Annexfor Measurement and verifications methodology of savings and performantrethis
annex,the methodologyfor the measurement and verification is specifigss is the case for
classic E@, AEPC followsmost likely the International Performance Measurement and
Verification Protocol (IPMVB}andard for the measurement and verification, however, in this
annex the details of the methodology and the adjustments to be made in the performance
analysis due to the implementation of the DR projects and flexibility availadittgescribed.

4.2.2DEPLOYMENAHASE
After the design of the contract anthe identification of the engineering projects required for the
implementation of the AEPC, theteradions for the purchase of the required equipment and contracts
with the construction companies (if required) will be donely ESCO. The duration of this phase depends
on each case antthe number of engineering projects to be implemented. Therefores défined based
on an agreement between ESCO and the client.

4.3 PERFORMANCEHASE
After the installation of the equipment and the signing of the contract, the performance phase of the
project starts. This phase refers to the period that the operational aigsuinder the scope of the contract
(such aghe operation of installed equipment and monitoring of the consumption) start until the end of
the project. There are two main actions in this phase: 1) operation and monitoring and 2) Measurement
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and Verificabon. As shown iffrigure?, these two actions are ongoirmyocessesluring the whole project
even though they may have differestarting poins based on the availability of data and the agreements
betweenESCQ@nd the client.

4.3.10PERAION AND MONITORING
The operation and monitoring activities in an AEPC mainly follow the same approach as being used ir
classic EPC, suchths training of the enelisers and supervising the operation of the energy management
plan, whichis carried outby the ESCCHowever in an AEPCthe proper data metering and recordse
crucial for meeting the requirements of optimizing the equipment operation as well as complying with the
DR schedulesTherefore, it is necessary to check that the information serthbynew sensors and smart
meters are well recorded and do not cause any delays in the operation of the DR activities.

4.3.2MEASUREMENT AND VERATION
In any performancdased energy contract, a regular measurement and verification procedure is done
during the course of the prect to determine thesavings(energy and cost) that result from the
implemented EEMThis procedurés performed along with general operations and maintenance activities,
until the end of the contract term when all financial and othétigations are fulfilledThe most common
used protocol for M&V in EPCs is IPMVP which is also considered as the main standard in AEPC.

The framework of IPMVP is based on determining the savings by comparing the measured consumption
before and after themplementation of a program, making suitable adjustments for changes in conditions.
For this purposea set of routine and nomoutine adjustment factors are defined toe applied to the
measured performance profile (actual performance) in comparison t@tleganteed performance profile

to reduce the deviations. According tioe IPMVP standar{®], the definition of routine and nomoutine
adjustments are as follows:

1 Routine Adjustments: For any energgverning factors expected to change routinely during
the reporting period (e.g., weatheronditions or energy production volume) a variety of
techniques can be used to define the adjustment methodology. Techniques may be as simple
as a constant value (no adjustment) or as complex as several multiple paranmetelinear
equations each correlating energy with one or more independent variables. Valid
mathematical techniques must be used to derive the adjustment method for each M&V plan.

1 Non-Routine Adjustments: For those energgverning factors that are notsually expected to
change (e.g., the facility size, the design and operation of installed equipment, the number of
weekly production shifts, or the type or number of occupants) the associated static factors
must be monitored for change throughout the repiog period.

In AEPhoth routine and norroutine adjustments are considered in the process of M&Wormalize
the guaranteed performance profilén this regard, a number afljustment factors areetermined based
on the scenarios that are developed thg the contracting phase and in the ABEPeM platform. The
adjustment factors in AEPC amet only determined by the EEM measures but also by the DR/flexibility
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aspects of the contractAs described in Deliverable D2.2, four mainssétscenarios are dewvaped in
AmBIENCe

1 Weather conditions
1 Energy prices
1 Non-controllable load/consumption;
1 Flex related user behaviour/usage patterns.
The followingadjustment factorsareto be considered in AERCrelation tothe scenarios above.
1 Routine Adjustment factors

o Degree days (related to weatheonditionscenarios): A degree dayameasure of the heating or
cooling load on a facility created by outdoor temperature. Degree days are usually described as
Heating Degree Days (HDD) andooling Degree Days (CDDjndices. HDD indexeflects the
severity of the cold in a specific time period taking into consideration outdoor temperature and
average room temperature (in other words the need for heating). The calculation of HDD relies
on the base temperature, defined dse lowest daily mean air temperature not leading to indoor
heating. The value of the base temperature depends in principle on several factors associated with
the building and the surrounding environmemn example for calculating HDD index based on
[10] is to set the base temperature to@nstant value of 15°C in the calculatidherefore,If Ty
X mMpc/ ¢KSy - Elg [HDD ®®hérsTm ts the mean air temperature of day

On the other hand, CDD indegfers tothe severity of the heain a specific time period taking

into consideration outdoor temperature and average room temperature (in other words the need
for cooling). The calculation of CDD relies on the base temperature, defined as the highest daily
mean air temperature not leadgto indoor cooling. The value of the base temperature depends

in principle on several factors associated with the building and the surrounding environArent.
example for calculating CDD index based1dj fs to set the base temperature twonstant value

of 24°G therefore, If Tn H Thento/ 5 5 'mF 21%C)E&BECDD = Ovhere T is the mean air
temperature of day.

o Price (related to price scenario3he price scenarios are timeainfactor affecting the decision on
the DR implementation. Ithe case of explicit DR, the energyarket price and its variation affect
the decisions/requests of the market aggregatshile the implicit DRs are inherently priceiven
and, therefore, significantlyaffected by price variations. In this regard, price @adariation affect
the performance of AEPC and need to be considered as a routine factoavéregeenergy
consumption andveragdanjection pricesare considered as routine adjustmefactors to be used
for the calibration of the performance profileEhe calculation of thse factors usesistorical data
from the energy market and market aggregator as well as the energy t&ifisgressiorbased
approach is used for the normalization of the energy performance profile. In this approach, the
correlation of price factor with the energy consumption profile is computisthg the regression
analysis then used for the normalization of the performance profile.
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1 Non-routine adjustment factor.

o Occupancy (relatetb user usage patterscenariq: if a sudden chargin the usage of the building
in terms of the number of building users as well as the number of zones/areas that are being used
occurs in the premise of AEPC, it should be considered as an adjustment factor.

o Facility ancend-user equipment (relatetb Non-controllable load/consumptioscenarig: in case
of any changes (addition or removal) in the amount, type, or use of equipment occurs.

According to IPMVP, four main options for the implementatiothefM&V processreforeseen

T hiAz2y | 3 | fetiofit-isdlafich:akgy Paramet@rwleasurem&névhere savings are
determined by field measurement of the key parameter and the measurement frequency ranges
from shortterm to continuous, depending on the expected variations in the measured parameter
and thelength of the reporting period.

T hiAz2y . I | a2 -isdafichoAl Parainetedt Measute®ehtivhiere savings are
determined by field measurement of the energy consumption and denst all parameters
affecting the system. The measurement frequy in this option varies from shererm to
continuous depending on the expected variations in savings and length of the reporting period.
Both routine and nofroutine adjustments are required.

T hiAz2y [ 3 |faz 1 y:2uefesaviags aré ekeminéd byrhe@suring énérgy
consumption and demand at the whole facility utility meter level. Continuous measurements of
the entire facility's energy consumption and demand are taken throughout the reporting period.
Both routine and nofroutine adjustmerts are required.

T hiAz2y 53 |faz 1y26y 3 dkere savingd dréd deteim®dt thfodgh dzt |
simulation of the energy consumption and demand of the whole facility, or of afaility.
Simulation routines are demonstrated to adequately modeluattenergy performance in the
facility. The calibration ahe consumption profile is done using utility billing data.

Table 4 summarizes these options and their typical application. Details of these options can be found in
[9]. According to these definitions, the options applicable to AEPC are option &rdaddy existing
buildings and option D for new buildings. However, as AEPC uses a comprehensivbasedealpproach

inthe ABEPeM platform, it provides the possibility of using either of these options in the existing buildings.
As the approach in Option Cfreha S& Yl Ayf & 2y (GKS oAffAy3dI RIFEOGF
methodology and its ABEPeM platform help the ESCOs to move towards option D by installing smarter
meters on existing buildings, consequently improving the available data in lgs|das well as increasing

the calibration accuracy by using hourly data from smart meters and optimization techniques of ABEPeM.
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IPMVP Option

TABLEl ¢ SUMMARY OFPMVP OPTIONSND THEIR APPLICANI

Typical Applications

Option A

Description
Isolated Measure, single
parameter

Lighting retrofit where pre and post retrofit
fixture Wattages are measured. Operatin
hours of the lights are typically agreed upor

OptionB

Isolated Measure, all parameter

Replacing old chiller with an efficient one
serve the same cooling load.

OptionC

Whole building all parameters

Several BEMs affecting many systems in
building. Utility Bills are used for saving
calculation.

OptionD

Comparison with model

Incorporating energy efficiency into the
design ofa new buildingr when no historical
baseline data is available or can be retrieve
Savingarethe difference between modelled
or actual building energy use and the enert
model of a comparable building built to code
Often the model is recalibrated bad on real
performance.
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5.CONCLUSIONS

This deliverable introduced the Active Building Energy Performance Contracting concept describing the
key featuesthat are different in an AEPC in comparison to classic EPC. Benefiting from the flexibility in
the buildings due to increased electrification, AEPC considers both implicit and explicit DR programs within
its business model and consequently aims for ioweld measuresAEPC follows a modular approach that
makes it applicable to both existing and new buildings with or without ongoing energy performance
contracting. The enhanced performance achieved through DR activities was described by discussing the
role of DR in AEPC and the benefits and business value that the DR can bring to the stakeholders of AEP

The main phases for developing an AEPC project also described in this deliverable highlighting the
main differences with the common procedure of ER@d the modifications that need to be made
specifically in the contract model of AEPC. The design of the contract in an AEPC is the part that
experiencesghe main changes and therefore is supported e Active Building Energy Performance
Modelling (ABER#) platform. Although the details of features on functionalities of ABERsM
described in Deliverable D2.2n, Chapter 4, its usage in the process of developing AEPC is described.
Active control and DR activities in buildings entail increased granuianthonitoring the performance of

the buildings with AEPC. Therefore, the M&V procedure is improved to comply with the enhancements in
AEPC.

In summary, this deliverable provigihe basis for the AEPC concepid methodologyDeliverable D2:2
Proofof-Concept of an Active Building Energy Performance Modelling frameprankides the details of
calculating the performance guaranteemnd Deliverable D2:Business Models for the Active Building

EPC concept provides the details on AEPC ecosystem and Busio@sls. In sectiof, in the definition

of the AEPC concept, it was mentioned that AEPC is foreseen to be applied to a broader range of buildings
as well as clusterof buildings whichs going to be provided in Deliverable D2.Zhe Collective Active
Building EPC concept and business model.
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ABBREVIATIONS ARCCRONYMS

ABEPeM Active Building Energy Performance Modelling
AEPC ActiveBuilding EPC

CDD GoolingDegreeDays

DR Demand Response

DSM Demand Side Management

DSO Distribution System Operator

ECM Energy Conservation Measures

EE EnergyHficiency

ERC Energy Performance Contract

ESCO Energy Services Company

FWh FlexiWatt hour

FS Feasibility study

HDD HeatingDegreeDays

HVAC Heating Ventilation and Ai€onditioning
KPI key performance indicators

kwWh kilowatt hour

M&V Measurement and Verificain

NWh NegaVatt hours

TSO Transmission System Operator
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ANNEX DIFFERENCE CHECK IN PREONTRACTING
PHASE

EPC AEPC

Interaction with the user- Behavioural change
Changes in mergy consumtion: minimization
. . X X
and optimization of the use of appliances
Changing settigs on the thermostat for
example tirning up air conditioner in the X X
summer and tuning down thermostat in winter
Addindpurchasing fuekefficient car X X
Add of renewable energy: installation of
. X X
photovoltaic panels
Change of energy supplier X X
Retrofit obsolete applianse with smart and X X
automated ones
Change usge pattern of flexible devices X
Evaluation of demand response options X
Preliminary analysis
The building has recent upgrades X X
Buildings characteristics X X
Equipmentchaacteristics X X
Utility information X X
Potential improvements X X
Recurring maintenance problems X X
Financial analysis
Payments can be covered by the cost savin( X X
because of energy savings
Payments can be covered by the cost savin(
. . X
from the DRimplementation
qQs= 39| 42
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ANNEX IDIFFERENCE CHECX IN CONTRACTING BH#A

‘ EPC AEPC

Guaranteed energy savings X X

Guaranteed cost savings

Renewable energy generation X X
Considering the impact of dynamic price X
CQ reductions X X

Improving or maintain the building
environment and comfort for occupants

Creating a safer environment through
improved better building management X X
systems to help identify issues

Demand response integration X

Third party implication X
Measurements necessary to the X
calculation of the flexibilittand DR

Flexibility estimation methods X
Creation of scenarios with DR X

as 40| 42
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ANNEX IIDIFFERENCE CHECX IN PERFORMANCE BHA

‘ EPC AEPC ‘
Installation of selected solution X
Development and application of the X
method to forecast EPC baseline
Calculation of C&reductions X
Calculation of energy savings X
Calculation of cost savings X
Implementation of methods to re X
evaluate the flexibility estimation
Implementation  of  performance X
methods to reevaluate the laseline
Implementation of methods to re X
evaluate risk analysis
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