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The SmartBuilt4EU project has set up four task forces investigating issues related to smart buildings: their
objective is toidentify the remaining challenges and barriers to smart building deployment, and the
associated research and innovation gaps that should be addressed in the near future.

Task force 3 investigates hosmart buildings can interact at best with their exterealvironment The first
topic addressed by this task force and presented in this papiee &nart buildings as provider of flexibility
to the electricitygrids

2A0KAY GKS 9dzNRBLISIY [/ 2YYAadarz2yQa &GNy GS3e (G2 NBI C
more renewable electricity into the power grids constitute a kallar. But a higher penetration of
renewables into the electric grids constitutes aattbnge, due to the intermittent and hardly predictable
nature of some renewable energy souragsuch as wind and sol@rand the technical constraints of the
existing electricity networks. Consequently, capturing the flexibilities offered within theggngystem
(flexibilities in generation, demand and storage) constitutes a significant lever to enable the integration of
more RES at lower operational cost.

While demand side mechanisms are already operational to exploit flexibilities in the industtiat, sec
buildings from the commercial and residential sectors are still far from being used at their full flexibility
potential. Today, smart technologies enter more and more into those buildings, providing new means to
capture the power system flexibility pential offered by equipment and endser behaviour, with added
value both for the building users and the grid. However, this flexibility potential is spread among myriads of
buildings, each being source of a small amount of flexibility. Convergenceefottgerequired to exploit the

full flexibility potential of this segment.

Therefore, this white papeaddressed thdollowing questions:
A To whatextent can buildings contribute to serving the flexibility needs of the grid?
A How should such services balued so that building eneisers show interest and have benefits in
using them?
Al12g G2 FILOAEAGIGS GKS FdzNIKSNJ AYLX SYSydalkdaz
organisational, and contractual standpoint?

In its first part, this paper providesstate of the art regarding the following issues, specific attention being
paid to E€unded projects:
A Definitionsand requirementregarding theprovision of power flexibility by smart buildings
A Thestatus ofdeployment of smart metering and demand respomsn Europe
A Data standards and interoperabilitpspects with a focus on the Smart Grid Architecture Model
(SGAM)the needsfor alignmentamong the communication standards from the Utility, Telecom and
Home appliances industde in order to reachsemanti¢ interoperability and the recent
developments by the BRIDE working groegardinga reference architecture for European energy
data exchange and a methodology to study the interoperability of flexibility assets
A TheHarmonizedElectricity Market Role Modeto facilitate the dialogue between the electricity
market participants and recommendations for its further developmesd, well as theUSEF
framework for market designto support distributed flexibilities implementing the Ewpean
/I 2YYAaarz2yQa St SOGNAROAGE YINJSG RANBOGA®GS

1 Semantic interoperability: understanding of the concepts contained in the message data structures
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A The Workflows and processes enabling grid flexibility servicegluding the Smart Readiness
Indicator (SRIgnd labels such as Ready2Service 4GRIDS or GOFLEX

A brainstorming process enabled to identifynse key barriers and drivers regarditig deployment of
power flexibility services by buildingBhe next diagrams provide an overview of the main barriers and
drivers discussed.

Figurel: Overview of main barriers

BARRIERS

2,

ECONOMIC Top barriers
according to

Force
))) VALUE CHAIN Lack of Fechmcal.and econ?mlc scalability of technologies (too customised, heavy
human interventions required)

Lack of standardization among smart devices and how they are modeled

GDPR and data privacy issues

Heterogeneity of national regulatory frameworks with regards to electricity markets

REGULATION
and end-user participation

Lack of awareness of the functionalities and benefits of a grid-interactive building by
the building end users
. aes et Lack of interoperability of solutions as of today

Figure2: Overview of main drivers

DRIVERS

Top
drivers

according

E REGULATION & toth
0 the

STANDARDS Regulatory constraints on data interoperability, transparent data access, data privacy, that will Task
ensure privacy-friendly energy data exchange

Force

=
[[&=] Economic

Smart buildings becoming an investment opportunity for non-financial actors, such as private
persons or companies

The willingness of citizens to reduce their environment impact (from active consumer, to
prosumer, to energy communities)

New means and opportunities offered by communicationn automation & control technologies
(from end user phone, to home appliances, to RES/storage devices, to smart grid)

TECHNICAL

Y

The ongoing development and demonstration of interoperability-focused architectures,
paving the way to standardization ( connect any smart appliance to any service)
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Based on the State of the Art and the barriers and drivers, a number of research and innovation gaps were
identified. They are syntheesl! in the next two diagrams.

Further integrate the different technologies (sensors, storage, connectivity,
software)— but to a certain extend to be identified: what is the optimal level
of bundling?

Explore multi sided market approaches, from consumer level to local service
providers, aggregator.

Investigate how to collect and store detailed sub-metering data with high
resolution for different building typologies, in compliance with GDPR

Investigate the automation level (SRI) required for buildings to be able to
provide flexibility services, and how to get existing buildings to this level.

Further demonstrate demand response programmes at building level,
validate the level of flexibility delivered, and determine its value for the grid.

Explore technical and economically the contribution of storage and electric

vehicles as components of the smart building providing flexibility

Figure3: R&l gaps

Build new market regulation to enable flexibility services and local energy markets
AU [o /B AT Harmonise EU-wide existing regulation and their national implementation

X FRAMEWORK
)/ Investigate the issues of ethics and artificial intelligence applied to building flexibility
- services, in relation to the Al regulatory framework that the EC is designing.

Develop a flexibility certification scheme at EU level: flexibility certification should
become part of the overall building performance certification methods.

\/ Harmonise the definitions of flexibility products to facilitate certification scheme.

e ilate s (B Further standardize the protocols to exchange flexibility between buildings and grid
T el | operators (including through flexibility aggregators)

Standardise the control of flexibility assets within buildings (home appliances
connection and protocols to control devices inside the buildings)

Standardise contracts: the grid connection and exploitation dimensions for prosumers
should be a standardised part in the energy supply contract.
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2

SCALING UP &
INDUSTRLIALISATION

FiguredY déd¥el NJ SGQ 3t LA

The gaps identified above will feed the elaboration of the Strategic Research and Innovation Agenda on smatrt
buildings that will be produced by th&martBuilt4EU consortium by miD23, together with some
recommendations targeting policy makers.
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BEMS Building Energy Management Systems
BIM andBuilding Information Modelling
DER Distributed Energy Resources
DR Demand Response
DSM Demand Side Management
DSO Distribution System Operator
EC European Commission
eVs Electric Vehicles
GIS Geographic Information Systems
HVAC Heating Ventilation and AConditioning
ICT Informationand Communication Technologies
RES Renewable Energy Sources
SAREF Smart Appliances REFerence
SGAM Smart Grid Architecture Model
SRI Smart Readiness Indicator
TF Task Force
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The SmartBuilt4EU project has set up four task forces investigating topics related to smart buildings. They
respectively addreghe interaction between building and engser, efficient building operation, interactions
between the building ath the external environment, ancross cutting issues.

Task Force 1: Interactions with users Task Force 2: Efficient building

operation
End-user awareness, acceptance and feedback

Interoperability, cost optimisation and resources efficiency

Task Force 3: Interactions with the Task Force 4: cross cutting
external environment

Data, security, business & finance, education...
Provide flexibility to the (power, DH&C) networks

Figure5: The four Task Forces set up by tmartBuilt4ELproject

SmartBuild4EU task force 3 investigates howsmart building can interact with its externgthvironmentin
a mutually beneficial waylhe first line ofnvestigationis TOPIC ASmart buildings as proders offlexibility
to the electricity grids

The present White Pap@resents the outcomes of a collective work carried out by the members of the Task
Force from March to June 2021. Paced by series of online workshops, the following steps were addressed:
Definition of scope

Review of the State of the Art amdientification of the points to be investigated in particular

Analysis of barriers and drivers

Identification of R&I gaps.

> > >

The final aim of this White Paper is to feed the elaboration of the Strategic Research and Innovation Agenda
on smart buildings thawill be produced by the SmartBuilt4EU consortiummtig-2023 together with some
recommendations targeting policy makers.

2.2 LIAO dzy RSNJ Ay ASHEPINGES A2y o6& (0KS
2.1. Rationale

Within the EdzNR LIS | y | 2s¥atelyitcirka2hg diiate neutral Europe in 2050the integration of
more renewable electricity into the power grids constitute a kalfar. But a higher penetration of
renewables ito the electric grids constitutea challenge, due to thentermittent and hardly predictale
nature of some renewable energy sourcesuch as wind and solarand the technical constraints of the
existing electricity networks Consequently capturing the flexibilities offered within the energy system
(flexibilities ingeneration, demandnd storage)constitutes a significantlever toenable the integration of
more RES dobwer operationalcost.

SmartBuilt4EU project 9/29
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While demand side mechanisms are alreamperationalto exploit flexibilitiesin the industrial sectar
buildings from thecommercial and residential sectors as#ll far from being used at theiiull flexibility
potential. Today, smartechnologiesenter more and more into those buildingproviding new means to
capture the powersystemflexibility potential offeredby equipment and eneuser behaviourwith added
valueboth for the buildingusersand the gridHowever, this flexibility potential is spre@anong myriads of
buildings eachbeing source o0& smallamount offlexibility. Convergence is therefore requiréa exploit the
full flexibility potential of this segment

Therefore, this white paper aims to provide an overview what is known and what should be further
investigated to answer the following questions:
A To whatextentcan buildings contribute to serving tlkexibility needs of the grid?
A How shouldsuch services bealued so that building endsersshowinterest andhavebenefitsin
usingthem?
A How to facilitate thefurther A Y LI SYSy (| G A2y 2e3on atdrhriiclgrgaristianal ¥ f SE A
and contractual standpoint?

2.2. Scope

Based on th&eyquestionsidentified in the previous sectigriour main blocks of knowledge are deemed
most relevant to identify pathways towardise increase of flexibilitprovision by smarbuildings.

Quantification
of the power flexibility potential
of smart buildings and of its
contribution to grid services

Business models that remunerate
the value of building flexibility to the
end-users

Fully interoperable data exchange
environment

Figure6: The four building blockef Tapic A

Quantification ofthe power flexibility potential of smart buildings and the related services to the grid

A Flexibility assessmenhow to assesshe overallflexibility potentialof buildings, how to
measure the actual flexibility provided to the gri@i@ whatextent canflexibility services
contribute togrid investmendeferral®

A Single building vs tilding blockswhat isthe role of individual buildings vs the roletdbcks of
buildingsin achieving a flexible power gr{tfulti-Building Energy Management Approach)

A Respective roles of stakeholders involveahat are theroles of building ownersbuilding
operators and occupants in enabling interaction with the gmnd managing/optimizing
flexibility?Which role for ggregators?

SmartBuilt4EU project 10/29
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Business models that remunerate the value of building flexibility to thrd-users

A Economic and contractual modelsiow can the value of flexibility be captured by #wad-
user, fostering its engagement in demand response?
A What should be the exactale of aggregationin such model®

Technologies and processes enabling grid flexibility

A Convergence anihtegration of technologiesand services to provide buildisig-grid
flexibility: what is the optimal level of integration?

A 'asS 2F WSE G S Nlch &sultRdcdielintetogedaddEZRégraphic Information
Systems (GIS) and Building Information KEltidg (BIM) for flexibility service purposes

A Certification frameworky K2 g (2 OKSO]l GKS O2YLIX AlLyOS 2F o
G2 &aSNIIA OS¢ anilihvd taR the sinart reAdildksk ihdicator (SRI) contribute to this?

A Standardsto allow scaling up of Demand Response solutions.

Fully interoperable data exchange environmetd provide power flexibility to the grid

A Data environmentand interoperability. which specific data needs to be exchanged in order to
enable flexibility services®hat are the mteroperability issuespecific tothe provision of
flexibility services to the griti

A Digital twin: how to considethis concept development in the specifications of data
requirements?

More genericiteroperabilityquestions arecovered byTask Force (Efficient Building Operatiori its first
White PaperInteroperability of smart building solutions

3{ 0 WX S22 T NI

As stated by the JRC in its technical report on smart home and appHatie@re are three interrelated
areas where ICT is expected to have an impact on the efficiency of energy systarasydancewith the
Digital Single Market strategy:
A Buildings- in the form of building management systems and sensor networks
A Energy Grid¢Smart Gridsj in order to reduce peak demand and potentiate integration of
renewable sources
A Households; with the introduction of smart meters and smart appliancesking consumers
aware of their energy consumption and potentiate behavioural change.

3.1. Definitions

Which definition shouldbe used to definethe object of study i.e. the smart buildingn its dimension of
interactions from theend-users to the electricity grid?

2 Smart home and appliances: State of the art. JRC Technical Raqt®t
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1. TheUS Department of Energlgfinesthe grid-interactive efficient building (GEB)as dan energy efficient
building with smart technologies characterized by the activse of distributed energy resources to
optimize energy use for grid services, occupant needs and preferences, and cost reductions in a continuous
and integrated way.€ In this definition, grid-interactive buildings combine four key attributes: energy
efficiency, renewable energy, energy storage, and load flexibiliye crossptimisation of trose four
attributes resultsin a less peaky, more flexible energy load profile wiéduces operational costs, largely
through demand charge savings.

2. Wang, Huilong & Wang, Shengwei & Tang, Rui RS F A y §rid-lidgady add gridresponsive
buildinge where:
A Gridfriendly means that a building can work in synergy with {p@ver grid and avoid putting
additional stress on the balance of the power gadd
A Gridresponsivemeans that a building can respond to the needs and requests of the smart grid,
contributing to the grid power balance timely and effectively, in ordent@ace the reliability of the
power grid and optimize the overall efficiency of thegridzA ft RAy 3 S0O2aeéaidSyYyodé

Thissecond definitiorseems moragenericand inclusiveut is missinghe dimension obptimal relationship

betweenii K S 0 danduRdissng fieielectricity grid The above definition could therefore be completed

with a third point:

A Enduserengagingmeans thata buildingenablesand foster through smart solutionise engagement of
final endusers imresponding to the needs and requests of the smart grid.

To complement these definitionsye owe to mentionthe SMART 2016/0082 stufyon demand side
flexibility which defines

A Demandside flexibility I &thedbility to change electricity output or demand in reaction to an
external signal

A Demand Responsas «the change of electricity load by final customers from their normal or current
consumption patterns in response to market signals, including -tiax@abk electricity prices or
incentive payments, or in response to acceptance of the final customer's bid, alone or through
aggregation, to sell demand reduction or increase at a price in organised markets as defined in
Commission Implementing Regulation (EQ)1848/2014 »

Demand Respongarogrammesare broken downin two categories

A Implicit Demand Responsefers to consumers choosing tirvarying electricity priceand/or time-
varying network tariffs that partly reflect the value or cost of electricity andfansmission and
distribution indifferent time periods. These prices are part of their supply contraieti consumers
do notparticipate in a market.

A Explicit Demad Responsgarticipates tothe wholesale, balancingncillary serviceand capacity
markets through the services of aggregators or single large consumers. Consumers receive direct
payments to change their consumption upon requdsiey camarn from their flexibility in electricity
consumption individually or by contracting with an aggregatanich careither be a thirdparty or
0KS Odzad2YSNRA NBOFAf SN

3 Gridrinteractive Efficient Buildings Technical Report Series, DoE, 2019

445 S@St 2 LIY-fespdnsig Buildinsh Gpportunities, challenges, capabilities and applications of HVAC systems in non
residential buildings in providing ancillary serviceslb@fi RSYlI yR NBalLkRyasSa (G2 avYINI 3INARA
5 Study on ensuring interoperability for enabling Demand Side FlexiGil®, DNAGL ESMIGor the EC, 2018
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3.2. Use cases anceguirements for the gridnteractive building

The International Electrotechnical Commission (IEC) released some Smart grid requirement within the IEC
62913 series. Part2focuseson Resources connected to the gridtte IECQieliverable several Smart
Building usecases are listed, together withehassociated system requirements and level of maturity.
Those use cases are:
A Adapt the smart building behaviour to the energy manager/client preferences
A Enable the interoperability betweethe smart building and the smart grid
A Manage flexibility orelectricity demand & generation within the smart building from market signals
andfrom emergency signals
A Provide enriched Smart Building data to relevant parties in order to make the energy manager/
client more active
A Value the flexibility of the smart filding

The New Building Institutédentifies the key technological requirements famergy efficienGrid
interactive buildings as follows:

Requirement Target Present status

Interoperability Gridiinteractive buildings should Even buildings engaged in curtailment or deda

and intelligence  receive utility price signals and shar response programs do not often have an automatec
from building to  the availability of flexible loads process, and virtually no buildings automatically shi
grid within the building to modulate loads based on redime changes in utility price

loads and optimize for cost, carbon, signals.
reliability, and other factors.

Interoperability Gridkinteractive buildings should Many building loads (e.qg., plug loads) are seldom
and intelligence  have a unified, overarching, and controlled at allJet alone to optimize to utility price
across building intelligent system that controls signals. Existing control systems vary widely across
systems HVAC, lighting, plug loads, thermal building type, size, and vintage, but most building
electric storage, and other key controls are not set up to coordinate across building
building loads. systems.
Load flexibility Grickinteractive buildings should Using the same functions to limit building inf peak
and demand have the intelligence to track is often more coseffective than responding to
focused building demand, predict patterns  narrow DR events. The ability to predict weather
optimization that can help limit peak demand, an patterns, track renewable energy generation curves
shift or shed demand rapidly in or predict building operational needs can allow a gri

response to grid or building events. interactive building to limit monthly pealend reduce
Oz2ada Y2NB (KlFy G2RI&Qa
and demand responstocused energy management
practices.
Figure7: Technological requirements for energy efficient Giideractive building as defined by thslew
Building Institute

See KAGS t I LISNI aLYGSNRLISNIoAfAdGe 2F AYFNI o0dzAf RAy3
for definitions on interoperdlity.

6 SeeThe Value of Grithteractive Buildings to Building Owners, New Buildisgtlrte, 2019
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3.3. Overviewof State of the Art

Deployment of smart metering

A broad implementation of smart meters is one of the most important steps towards a smart built
environment and energy system. Smart meters monitor-teaé data on energy usallow communication
with other devices (e.g. other smart meters, appliancé&NsI? S N ¥1é dne hand they allow building
occupants to gain awareness and have an active role in the control of their energy consumption. On the other
hand,they are a key component of a smart gfithe JRC report on smart appliances summarizes #te of
playin Europeas follows:
A The kgislation for electricity smart meters is in placarinstMember States. Onlfjve countries
have no such legislation in place.
A SixteenMember States will proceed or have already proceeded to kaogde rolout of smart
meters. In Poland and Romania, the Cost Benefit Analysis yielded positive results but official
decisions on rolbut are still pending
A In seven Member States, the Costrfit Analysis for largscale rolout by 2020 were negative or
inconclusive, but in Germany, Latvia and Slovakia smart metering was found to be economically
justified for particular groups of customers.

Deployment of Bemand Responséramework

According to BPI& demand response is generally available for industry, but not yet for commercial and
residential sectorsThe dint ResearchCenter (JRCheport on Demand Side flexibiltydentifiesthree key
factors for the deployment of demand response:
A the definition of independent aggregatots ensure theO 2 y & dzY SN & NRAR IKG (G2 OK?2
service provider and allow full aggregation®®2 y & dzYy SNRa f 21 Ra
A market desigsthat enable the participation obRand other distributed resources
A technical modalitiegnablingDRthat aredefined by standardization and replicatitimoughout
whole Europe.

The same reportmapsa éthree-speedEuropé& about the regulatory status ofMember States concerning
Demand Response

A A set oMember States that haveot yet adjusted their regulatorgtructures to enable demand
side resources to participate in the marketn®r begun theprocess of defining the role of an
independentaggregator and DR service provider.

A Asecond group of Member States more advanced on the enablemddR&ustria, Finland,
Denmark, Germany, the Netherlands and SwedsrenablingDRthrough the energy retailefThe
retailers in these Member StatedfeNJ | & 0 dzy Rt S with ti@i; eledt&iR biwhighS NE
the consumer can only accept refuse entirelywith some lack of transparency

A The third group of Member States enables both Demand Response and independent aggregation
Belgium, France, I@hdand the UK. Belgium and France have both defined the roles and
responsibilities around independent aggregatido. that third groupthe Smart Energy Demand
Coalitiort® addsFinland asthe countryallows independent aggregation in at least ancillary service

" Source: JRC Technical Report on Smart Appliances

8 BPIE. 2017. Is Europe ready for the smart buildings revolution?

%5SYlIYyR wSalLkRyasS adliddza Ay 9! aSYoSNI {idFiSa¢z wWw/ I H
10 Explicit Demand Response in Europe Mapping the Markets, SEDC 2017
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programmeand isexperimenting through pilot projects with independent aggregation in other
parts of the balancing market

Numerous H2020 projectare investigatingdemand flexibility measurema and value developingand

demonstratingtools to enableDRat building leveland its contribution to grid services. They are briefly
introduced further belowin section3.4.

Building Energy Management Systems and Interneff@éings

Building Energy Management Systems aim to increase the energy efficiency of operational buildings and
ensure indoor comfort for buding occupants, through the monitoring and active management of building
devicesthanks to building ensors andatontrols The next diagram synthetises the different interactitmest

BEMS can cover.

Ry ged
Qe gof

SENSORS

1 - i

ACTUATORS
Q2o

SMARTGRID R

o
-4
=3
=
Z -
w2z
Yo

O

Figure8: Generalarchitecture of a BEMS for a N&ero energy building
GW = Gateway

Internet of things (IoT) are now becoming a key component of modern B&fféEinga set of lowpower
distributed intelligent sensors for monitoring different parameters of thélding (temperature, lighting,
humidity, air quality),different sorts of bidirectional communication technologies, and a wide range of
actuatorsto implement controls ordifferent building devicesRecent studieg show that loTcan support
building enegy management for five main applications: energy consumption chntredictive control for
GSYLISNI G§dzZNB NB3IdzA FdA2ys aSyaiyda 2F NBaiARSyiaQ 0O2Y
applications.

A key pending issueregarding the deployment of these systenis related to data standards and
interoperability, aselaborated uporbelow.

Status on @ta standardsand interoperability

11 Source: Intelligent Buildings in Smart Grids: A Survey on Security and Privacy Issues Related to Energy
Management. Alvaro Llaria et all, 202itps://doi.org/10.3390/en14092733

2yaici, W.; Krishnamurthy, K.; Entchev, E.; Longo, M. Recent advances in Internet of Things (loT) infrastructures
for building energy systems: A revieBensor021.
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The SGAM (Smart Grid Architecture Modiglitially developed by CEN/CENELEC/ETSI and complemented by
IEC in IECS63200- provides an architectural approach allowing for a representation of interoperability
viewpoints in a technology neutral mannelt counts five interoperability layers(Busiress, Function,
Information, Communication and Component) with the two dimensions ofsthart grid plane, i.e. zones

(representingthe hierarchicalevels of power system managemersid domaingcoveringthe complete
electrical energy conversiathain).

Figure9: Interoperability layers in the SGAM modelENCENELEETSI

TNQ ESMIG and DNSLproducedin 2018for the EC &tudy on ensuring interoperability for enabling
Demand Side Flexibiiit(DSF)focusing on the residential sector (home applianaaest including storage
The report investigates the need for alignment among the communication standards from the Ultility,
Telecom and Home appliances industriesorder to reach semantitinteroperability. Eightstandardsare
comparedusingthe reference ontologsARESmart Appliances REFeremceology) developed in a project
commissioned by DGonnect, and its extension for tlemergydomain, SAREF4AENHRemain findings of
this study are as follows
A A certain alignment already exists among #ight DSFstandardsagainstthe SAREF/SAREF4ENER
ontology, andfull alignment is reachable:
The standardSPINE and oneM2M are fully aligned with SAREF/SAREF4ENER.
Four standards need further alignment, for which actions are defined.
The remaining two standards, CENELEC EN 8048td IEC 61968 CIM for Metering, do
not have a direct alignment with SAREF/SAREF4ENER, but are aligned through the COSEM
standard, whib covers the same interface.
A Aproof of conceptllowedto demonstratethe DSF interoperability through the complete, etuw
end IT infrastructure, frorsmart gridto smart metersand smart appliances
A A set of recommendationis provdedto build upon ths proof of concepand align the standards.

13 Semantic interoperability: understanding of the concepts contained in the messagstdattures

16/29


https://saref.etsi.org/





































