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Summary

This document presents visions for ICT supportecergn
efficiency buildings. At high level the impacts d€CT are
envisaged to evolve as follows:
Buildings meet the energy efficiency requiremerits o
regulations and users — short term.
The energy performance of buildings is optimisedsodering
the whole life cycle — medium term.
New business models are driven by energy efficient
“prosumer” buildings at district level — long term.

ICT contributions to the energy efficiency of buiids are mainly
via a multitude of design tools, automation & cohtsystems,

decision support to various stakeholders throughmtvhole life
of buildings, etc.

Full exploitation of the opportunities offere
by ICT for energy efficiency require:
adjustments of the processes and contrac
practices of the construction sector. The cc
is a transformation of focus from the initic
construction cost to whole life performanc
I.e. value to owner@rigure 2)

In order to align with the industry’s prioritie:
the REEB project presents its resul
organised into corresponding categories
research topic@-igure 3)
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Table 1. Summary of envisioned ICT support at varide cycle stages of product/service

Life cycle | Applications / systems

Design Capturing user/client requirements and formaligivegn into measurable indicatorp.
Product Verification methods. Design for EE.
definition

Catalogues of materials, components, connectiatexfaces. Configuration desigf

stage tools. Design for constructability and flexibility.
Regulation data bases and automatic code cheakirg) t
Design for operability and system integration.
Applications for analysis, design, simulation, dBsation etc.
Production Translation of performance requirements to all at@kders and verifying
Product compliance.
;?aagzat'on Tagging (e.g. RFID) and tracing of materials, pridequipment, vehicles etc.
Access control. Quality control.
E-Business. On-line construction site. Ambient piitbn status information.
Manufacturing automation.
Off-site manufacturing of components and modulegustrialised methods on-sitg
production & renovation.
Applications for constructability assessment, sdliad & planning. Recording as-
built model.
Operation Recording as-used model. Facility management agifics. Integration of BIM
Product with real time information e.g. simulation baseddgctive control.
;lts;ggee Monitoring of actual performance and verifying cdimpce to requirements.

Feedback to users.

Sensors, actuators, wireless networks. Monitottiggcondition and status of
materials, components & systems.

Intelligent and integrated automation & control.
Energy management & trading.
Predictive maintenance of installations and RenévBhergy Sources (RES).

Integration Collaboration support:
Zmﬁ‘e’%@(;’et Integrated design environments.
stages Communication & teamwork support applications.
Logistics & supply network management.
Integrated project management environments.
Platforms for service integration.
Virtualisation of living & working environments.
Interoperability standards:
Exchanging and sharing building information mod8Bvis).
Technical and commercial information about prodécgervices.
Automation and control protocols, interfaces angtways.
Knowledge sharing:
Catalogues of re-usable knowledge, guidelines, flrestices.
Catalogues of template solutions.
Catalogues of products, services, suppliers.
Adaptive and self-learning systems.
Services/forums for benchmarking the performandaudltliings.
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Abbreviations
BACS ......... Building Automation and Control Sysem
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BIM.......... Building Information Model; Buildingnformation Modelling.
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CWE .......... Collaborative working environment.

DG ISM....... Directorate General - Information Sagi& Media, the organisation within the European
Commission responsible for ICT research.

DP...veee Dynamic Pricing.

E2B El........ Energy Efficient Buildings Europeanitiiative.

E2BA.......... Energy Efficient Buildings Associatio

EC..coovveee European Commission.

ECTP.......... European Construction Technologyf@at One out of about 42 ETPs.

EDM........... Electronic Document Management.

EE............... Energy Efficient / Efficiency.

EEB............ Energy Efficient Buildings.

EPBD.......... Energy Performance of Buildings Diing

ESCO.......... Energy Saving COmpany.

ETP............. European Technology Platform (e3J.B). Industry-lead organisations to define the
vision, SRA and IAP in specific sectors and/or teslbgy domains.

EuP............ Directive on Ecodesign requiremémt&nergy-using products.

FA............... Focus Area; a thematic group witan ETP.

GHG........... Green House Gases.

HVAC......... Heating, Ventilating, and Air Condititng

AP ............. Implementation Action Plan; a kesliderable of all ETPs. Also used by REEB as atshor
title for its recommendations (deliverable D4.3).

O — Information and Communication Teclugies.

ICT4EE....... ICT for Energy Efficiency. This acranyis frequently used by ICTforSG.

ICT4EEB....ICT for Energy Efficient Buildings. Uséathis document.

ICTforSG....European Commission, DG Information i8tgc and Media, Unit H4 "ICT for
Sustainable Growth".

IDM............ Information Delivery Manual, a staard for BIM interoperability.

IFC...coovee. Industry Foundation Classes, addad for BIM interoperability.

N 1 Joint Technology Initiative, ardustry-lead organisation to manage European RTD.

JU.............. Joint Undertaking, a legal entiperating a JTI, e.g. Artemis JU.

MVD .......... Model View Definition, a standard f8IM interoperability.

OS.............. Operating system.

PDM........... Product Data Management.

PPP............. Public Private Partnership.

PV Photovoltaic.

REEB.......... European strategic research Roadm#pTt enabled Energy-Efficiency in Buildings and
constructions. Full title of this project.

RES........... Renewable Energy Sources

RTD............ Research and Technology Developméhis acronym is commonly used by the EC.

Practically a synonym of “Research and DevelopnieR&D".
SCADA .... Supervisory Control And Data Acquisition

SCM........... Supply Chain Management.

SOA.......... Service Oriented Architecture.

SRA............ Strategic Research Agenda; a keyetalble of all ETPs.
WIM ........... Workflow Management.
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1 Introduction

1.1 Scope and context

This report is the first one in a series of fourBEBEEWP4 deliverables: Vision, Roadmap,
Implementation recommendations and a Book summarisil results. The scope is ICT

supported energy efficiency of buildings (ICT4EEBhis topic is in the intersection of 3

disciplines: building/construction, ICT and ener@ome examples of relevant items for an
integrative approach are listed in the below figure

* Building information specifications & *Design: CAD,analysis, simulation, visualisation, ...
stant_jarQS. N « Automation, monitoring, control, ...
'Q‘Ep"gﬁ“%gst??ls f?z:rlﬁ%ms'r%r(];itorin «Hardware: processors, sensors, actuators, ...
& Egntr(;L asget’nganage%}em_ g « Infrastructure: architectures, interfaces, networks,

. models, platforms, protocols, standards, ...
«ICT infrastructures: knowledge P P

sharing, collaboration,
communication, coordination.

* Smart metering.

/ +Grid management.

*Generation,

«Built artefacts: building,
district, city, infrastructure.

« Systems: airconditioning,
communication, electricity,
security, spaces, structures,
ventilation, ... —_ I

- ICTAEEB storage,
«Life cycle stages, stake- distribution.
holders, contract models, ... e « Renewable
*Regional context, Buildings energy sources
regulations, standards. (RES).

*|ICT enabled business models for EEB.

« Integrated design for whole life cycle EE.

* Smart buildings.

*Building & district level energy management.

» Systems: space heating, hot water, insulation,
lighting, heat exchange, local storage.

«Passive energy buildings.
«Building energy performance.

Figure 4. Scope of the ICT4EEB vision:
integration of technologies for buildings, ICT amdergy

This public deliverable is prepared by REEB Task Develop and Validate Vision. The
baseline of the work is provided by the EC poli@esl the visions and strategies of a number
of related initiatives (see the Appendix). The msg together with the forthcoming other
WP4 documents listed below, is to support the dedim of RTD topics for ICT supported
energy efficient buildings.

The key target groups the “ICT4AEEB community” irdihg e.g. European Technology
platforms and RTD projects in the 3 core area®oifi$, and the European Commission.

In the short term the immediate target group of ttaport is the REEB consortium for
continued work and the REEB Special Interest Growm advices REEB in the preparation
of RTD strategy for the domain

Forthcoming deliverables of WP4 following this repwill be:
D4.2 Strategic Research Roadmap for ICT supportenidy Efficiency in Construction.

D4.3 Suggestions for Implementation Actions for IGlipported Energy Efficiency in
Construction.
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D4.4 Book: Strategic Research Roadmap and ImpleatientRecommendations for ICT
Supported Energy Efficiency in Construction.

1.2 Energy usage in buildings

Most energy usage of buildings throughout thek lifycle is during the operational stage
(~80%). The decisions made in the conception astydestages of new buildings, as well as
In renovation stages of existing buildings, inflaerabout 80% of the total life cycle energy
consumption. The impact of user behaviour and tigad-control is in the range of 20%.

Currently the energy performance of buildings ismyadriven by regulations. The prevailing
market practice is driven by initial investment tcagth little attention to life cycle costs. The
awareness of energy efficiency is raising businessntives towards sustainable solutions

beyond the required minimum level.
Demolition & removal 0.4%

Manufacture 13.4%
Transportation 0.4%
Erection 1.8%

Most of the energy consumed by ¢
building throughout its life cycle is
consumed during its operationa
stage. The decisions that influenc
energy consumption are mainly
made in the design stage and also |
(repeated) renovations. Altogether
many stakeholders, parallel
processes and life cycle stages al
involved.

Renovation 5.3%

Occupation 78.7%

Figure 5. Energy use during
life cycle of buildings [8]

EC & Legislation, regulations, public procurement
national ; .
policies Min. EE req’s Figure 6. .Cont'ex't of
_ ¥ energy use in buildings
Iél?%?:!rﬁil:ebs"c Urban planning, buildingEermissions
Conformance verification
vy [ ]
Building
users Usage
I Perfor?nance t — Automation & control
Srgat,lsal requirements Ui(ieées Dynamic user needs
q & estimates 9 R ti
Construction v l ¥ I enovation
g(yggﬁg%ector Programming Design Construction C;peration Demilition
4 4
Technical Commercial & Maintainance Reusability
info logistic info info info
Product & ! ! : o o !
service suppliers Material & component production, service provision
Enelrgy
\ 4
Utilities Energy provision

1.3 ICT impacts on the energy efficiency of buildin  gs

The relevance of ICT on the energy efficiency afdags is mainly as follows:

Short term: Assuring compliance to regulated mimmenergy performance levels in
design and renovation stages.
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Medium term: Decision support for life cycle costfformance optimisation. Real time
operation, control and user empowerment.

Long term: Holistic optimisation of built environmigs considering: energy generation and
usage of individual buildings, energy balancingwesin buildings within a district,
responding to grid load and feeding excess eneargy the grid. New business models
driven by whole life time performance.

1.4 ICT-enabled business opportunities

ICT is a key enabler for energy effi
ciency —driven new business models
construction. Synergies and co-oper
tion between construction, energy atr
ICT companies will enable a new ranc Performance
of business models where innovati driven business
. ) models

local and regional small and mediul

enterprises will play a key role. Nev
business models will overcome the no
technological barriers that discourac
innovation and market deployment. TF
contractual and financial condition ) ) o
provide incentives to all stakeholde! Figure 7. Construction sector priorities

towards life-cycle optimised buildings - the main drivers for ICT use

Definition stage: Value proposition supported byifiele methods to assess, simulate &
visualise product performance for decision making.

Realisation stage: Integration of value & supplgiohNew financial & contractual models
for value delivery. Handling of IPR of digital imimation. Validating performance.

Usage stage: Integrated services for operationjtororg, maintenance, (energy) manage-
ment at building, district and grid levels.

Some examples of the new business opportunitidstiiz® will appear based on ICT-enabled
energy efficient buildings are:

System and service integratiolmtegrating offerings from different vendors, canpes
will offer integrated solutions.

User-customisable energy efficient desidime client is able to select and customise his
future building selecting generic components frogiven catalog. For each component, it
is possible to analyse the energy consumptiondgof the whole building not only during
the operation phase but also taking into accourioelied energy of each material so that
he is able to select the most efficient solution.

Innovative Building-technology products and elewtidevicesdealing with more energy
efficient space-heating, HVAC equipments, elevatovater boilers, appliances, white
goods, etc.

Transparency-creating productsducating energy end users about the impact of the
choices and behaviours on their energy consumgdiwh therefore encouraging more
conscious use of energy. These products will irelgthart meters and graphic user
interfaces at the consumer’s location.

Remote operational serviceBhe telecom provider plays an important role ia telivery

of smart building applications to the end-user @rthie utility providers. End-users are
offered energy-efficiency applications using mutishal interactive interfaces (TV, PC,
mobile phone, ...) e.g. smart metering detaild;tiege power consumption of appliances,
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temperature monitoring, etc. The utility companyoffered smart metering services. In
addition, the telecom provider enables maintenaricthe BMS, and other services like
remote monitoring, surveillance and management/obot appliances. ICT can empower
people to remotely manage their vacation homesblen@chnicians to manage many
buildings from a central location thereby achieverple and energy efficiencies (less
commuting). The telecom provider is likely to plag important role in providing secure
remote access to smart homes and buildings.

Traditionally —
New business separated roles Building systems
Other sectors models for EEBs : PasSive
1 Programming systems

Ener
produc%)(/)n
Energy /
telecom grids

Utility/telecom :
= [ =
Construction

=l =

Active
systems
Information,
data & BIM

Management
systems
Local energy
production

Demolition

Figure 8. Examples of opportunities to new stakesis
involved in ICT-based Energy Efficient buildingsimess models

Energy servicesEnergy Services Companies (ESCOs) will offer deniange of activities
to energy users, including operation and maintemafanstallations, energy supply, often
in the form of power and heat from co-generatioagility management (covering
technical, cleaning, safety and security) and gnergnagement including energy audits,
consulting, demand monitoring and management.

Holistic maintenance and operation servicésnovative companies provide remote
predictive maintenance services of interoperableldimg-technology products and
electrical devices such as energy production armtage, space-heating, HVAC
equipments, elevators, water boilers, appliancéstewgoods as well other services like
remote monitoring, surveillance and management/obif appliances. User is able to
remotely manage their vacation homes, enable teiems to manage many buildings from
a central location thereby achieving scale andgnefficiencies (less commuting).

Local building energy trading/ithin a district, prosumer buildings are tradthg excess
energy they produce but do not consume at a givesy enabling peak-shaving strategies.
During the day, an office building buys energy frammesidential house which is mostly
empty at that moment. When the working day endsyékidential house is able to buy the
spare energy produced by or accumulated by theedffuilding.
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1.5 Structuring RTD priorities

A common taxonomy in the REEB project has beemeefin order to ensure broad coverage
of the scope of the ICTAEEB domain, to harmonisekwathin the project and to present the
project results in a consistent way. All reportsREEB apply a similar structure [41] with
some variations depending on the specific conténtthis vision document the RTD topics
are organised in the following categories:

1.

Tools for EE design and production management

Design: CAD, configuration management, visualisatd design solutions.

Production management: contract & supply networkagament, procurement, logistics,
on-site and off-site production management.

Modelling: building & district modelling, ontologse semantic mapping.
Performance estimation: simulation, whole-life aogt life cycle assessment.

. Intelligent control

Automation & control: system concepts, intelligéf¥ AC, smart lighting, ICT for micro-
generation & storage systems, predictive control.

Monitoring: instrumentation: smart metering.
Quiality of service: improved diagnostics, secumagminications.
Wireless sensor networks: hardware, operating systeetwork design.

. User awareness and decision support

Performance management: Understanding ICT impaptsformance specification,
performance metrics, performance analysis and atiahy conformance validation,
commissioning, audits, labelling.

Visualisation of energy use
Behavioural change by real-time pricing.

. Energy management and trading

Building and district energy management: buildingan@agement systems, metering
infrastructure, on-demand energy management anuhisption, load and distributed

energy resources forecast algorithms, smart ap@sgn

Smart grids: demand response capabilities, rea-tgalf-assessment, load balancing
techniques, energy network design and integratsacure, ubiquitous and low-latency
communications.

. Integration technologies

Process integration: collaboration support, groupwools, electronic conferencing,
distributed systems, business work flows.

System integration: plug & play, connections, ssgvoriented architectures, integration
and service platforms, cabling, gateways, middlewdevelopment methods and tools.

Interoperability & standards: BIM standardisatiosimulation and interoperability,
protocols for real time operation, energy tradingt@cols.

Knowledge sharing: access to knowledge, knowledganagement, knowledge
repositories, knowledge mining and semantic sedodg-term data archival and recovery.

Virtualisation of the built environment.
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Performance | | Automation
estimation & control
Modelling Q\Q(\((\e(\ //7[‘ Monitoring .
<// 75 Quality
Production ‘?x 96’/;’ of service
mgnt (\
o integration g sensor

Integration technologies networks

Virtualisation

Pr%rf%mance Yo Knowledge Interoperability ,bé\(\g o
J %, & sharing & standards o Building
0/;9/‘2 @eo\ mgnt
7 e
8,78 o
Visualisation (//O,OSS¢ <\'?"g District
of energy Ory @6\ mgnt
N :
Behavioural (z}\e Grid mgnt
change

Figure 9. RTD priorities in the “ICT for energy &lient buildings” domain

16 December 2009 Page 12



D4.1 Vision for ICT supported Energy Efficiency in Construction REEB: GA no.: 224320

2 Vision

The vision is derived from the aspirations of tleastruction sector and related sectors, and
several RTD strategies that are summarised in gpeAdix.

ICT will contribute to the energy efficiency of bdings [ —————— |
mainly via design tools, automation & control sysse Meeting EE
and decision support for various stakeholders: requirements

Short term:ICT will be used to ensure that existing '\/
and new buildings meet the current and emergind Life cycle optimised
requirements for energy efficiency. EE performance

Medium term:ICT tools will enable life cycle opti- [ —" |

mised design and energy management durin¢ Prosumer buildings +

operation. EE business models

Long term:ICT will enable and support new business o

models and processes driven by energy efficiendygure 10. Vision of ICT enabled
Building have evolved from energy consumers to energy efficiency in short,

“prosumers” (producer + consumer). medium and long term

ICT is often perceived by practitioners as vari@apgecific computing and automation
applications. However, ICT is also a generic ermahbe integration of various processes,
applications, systems and technologies: databaseiaboration & communication
infrastructures, interoperability standards, knalgle management, modelling, optimisation,
simulation, visualisation, etc.

REEB has identified 5 key research areas where é8dbles both new applications and
integration:

Integrated design and production management.

Intelligent and integrated control.

User awareness and decision support.

Energy management & trading.

Integration technologies.

The role of ICT in these areas is envisaged asvili

Life cycle approachintegrated design teams, using interoperable rroastd tools and
communication/collaboration platforms optimise #igole life performance of buildings.

Smart buildings:Most buildings will be "smart" and control themsd maintaining the

required and optimal performance and respondingqgbineely to external conditions and
user behaviour anticipating them, rather than regigt Holistic operation of subsystems
is supported by integrated system architecturesnnuenication platforms, standard
protocols for interoperability, sensors and wirglesntrol technologies.

Construction as a knowledge based industipdustrialised solutions are available for
configuring flexible new buildings as well as rditting existing buildings. Customised
solutions are developed by configuring re-usablevkdadge from catalogues within
organisations and industry-wide.

Business modeland regulations are driven by user perceived vafimancing models
provide incentives to stakeholder towards whole performance of buildings. ICT tools
support performance measurement, validation andttwotlecision making.
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In the following the key research areas are mappéde 3 generic product life cycle stages:
product definition — programming, conception, dasig
product realisation — planning, production, mantufang, procurement, assembly;
product usage — facility management, operationntaaance.

Definition stage — programming, conception, design

Requirement management: capturing user/client reougénts and formalising them into
measurable indicators. Performance assessmenbanliance verification methods.

Catalogues of materials, components, connectionsifaces. Configuration design tools.
Design for constructability.

Applications for analysis, design, optimisationmslation, visualisation, virtual &
augmented reality and decisions support.

Design methodologies for system integration, enef§giency and operability.
Standards for exchanging and sharing building médron models (BIMs).

Integrated design environments. Communication &mteark support applications and
platforms.

Catalogues of re-usable knowledge, guidelines aud practices. Configuration tools to
customise solutions from “templates”.

Value proposition/branding supported by verifiatriethods to assess, simulate & visualise
product performance for decision making and cotitrgc

Regulation data bases and automatic code compl@renking tools.

Realisation stage — planning, production, manufaajyuprocurement, assembly

Translation of performance requirements to all et@kders in the supply network and
verifying compliance.

Off-site manufacturing of components and modulesanMacturing automation.

Industrialised methods on-site production & renmrat Applications for constructability

assessment, scheduling & planning. Recording ds4maidel. Tagging (e.g. RFID) and

tracing of materials, products, equipment, vehieles Site access control. Quality control.
Ambient production status information e.g. via niehiser interfaces. On-line construction
site.

E-business platforms. Standards for technical amdneercial information about products
& services.

Logistics & supply network management. Integratemjget management environments.
Catalogues of products, services and suppliers.

Integration of value & supply chain. New financtalcontractual models for value driven
delivery. Handling of IPR of digital information.

Usage stage

Monitoring of actual performance and verifying cdrapce to requirements. Smart
metering. Feedback on energy consumption to users.

“Industrialised” service provision.

Recording as-used model. Facility management agpits. Integration of BIM with real
time information (e.g. simulation based predictroatrol).

Embedded intelligence: sensors, actuators, wirefedworks. Automation & control.
Monitoring of the condition and status of materi@lsmponents & systems. Integration of
various smart systems (e.g. access control andgnsnagement).

Standards for automation and control protocolgrfates and gateways.
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Platforms and gateways for integration of ambiesnvises. Virtualisation of living &
working environments.

Adaptive and self-learning systems. Platforms/fauior benchmarking the performance
of buildings.

Integrated services for operation, monitoring, rtemance, (energy) management at
building and district levels.

Predictive maintenance of installations and RenéBhergy Sources (RES).8

More detailed description of the envisaged ICTEaergy Efficient Buildings is elaborated in
Section 3.

16 December 2009 Page 15



D4.1 Vision for ICT supported Energy Efficiency in Construction REEB: GA no.: 224320

3 Trends and scenarios

3.1 Tools for integrated EE design and production m anagement

The energy usage of a building is mainly determimeds design stage. Thus integration of
model based tools and systems is probably theagtabtential of ICT for energy efficiency.

3.1.1 Design

Integrated desigis a key to the energy efficiency of buildingsteigration of various design
tools to support a holistic process bringing togetthe views of different stakeholders to
address the whole life of buildings. Multidiscigny collaborative design ensuring fully
integrated whole life optimised solutions meetihg trequired performance instead of sub-
optimisation. This section describes the main idgmets of integrated design. Integration
technologies are addressed in section 3.5.

Examples of typical design tools:
Architectural, structural and building systems das{CAD), dimensioning, analysi
modelling and simulation.
Viewing, reviewing, marking-up and annotation.
Collaborative document and model management sydtamsformation exchange.

UJ

CAD

Building designVersatile design (CAD), analysis and simulatioolscare deployed to design
and plan buildings that fit within the environmemtsvhich they are built. Energy aspects are
integrated into various everyday design tools Iegdio reduced efforts to use advanced
special purpose tools. Examples: thermal and hghtnodelling, air and fluid dynamic
modelling etc.

District design / Urban plannindCT applications are used, not only to design vitllial
buildings but, to simulate and analyse holisticaliynplex urban systems considering aspects
like local climate, transportation, commuting, eqegeneration, balancing and trading within
a district etc.

Collaboration suppornables various stakeholders to work togetheresddrg the whole life
of the building (section 3.5.1).

Building information modelling (BIM)ncreases the semantic power of data making ltlasa
for multiple purposes and thus increases the dveffalctiveness of ICT applications (section
3.1.3). Standardisation of BIM leads to increasinggroperability between various tools
(section 3.5.3).

Performance management tobkp with identifying & capturing the client’'s régand allow
them to see transparently how their requiremerngstransformed to best in-class solutions
(section 3.3.1).

Knowledge sharing: Re-usable information is provided from e-catakgyu Examples:
material/product properties such as embedded endrgst practices, reference solutions
(“templates”) (section 3.5.4).

Configuration management

The emerging “mass-customisation” trend in consimacwill lead to radical changes of the
design process. Detailed design becomes closelteteto product and system development
while “configuration design” is applied to assembied customise pre-existing “template”
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solutions to project specific solutions. Realisataf this trend can already be seen in Japan
where house manufacturing is quite advanced andt peeteived in the market [60]. New
building design tools are needed. Relevant concegts be adopted from other industry
sectors: customer segmentation, configuration memagt, product life cycle management.
Expected benefits to EEBs include e.g. optimisethlmoations of building and energy
solutions, and related services. [21]

Visualisation of design solutions

Visualisation of design solutions for decision support: All sthklders are provided
customised visual information about the energy grerince (e.g. to demonstrate to clients
the performance of their asset before they de@dsonhstruct i.e. ‘try before you buy’ or to
test alternative courses of action i.e. ‘what ifadysis).

A virtual building, created by means of modelli8iN1), can be viewed as if it were a real
building, and more: analysed simulated etc.

3.1.2 Production management

Examples of typical construction management tools:
Project scheduling, resource planning, managenaeatysis & simulation.
Cost planning, estimation and control.
Tendering, contract preparation and management.
Customer and supplier relationship management.

It is considered that today about 10% of all CO2ssians globally come from the production
of building materials. Construction activities aaob for about 5% of energy used, including
construction related transport [62]. Constructiod demolition waste account for about 22%
of all waste [13]. ICT contributions to energy eféint production are related e.g. to the
following.

Contracts & supply network management

E-catalogues of manufacturers and suppliers willt@io information of their energy-related

performance. Contracts are formulated in a way ravigde incentives towards whole life

performance of the building. New tools are antitepafor preparation and enactment of
performance based contracts.

Procurement

Commonly available e-catalogues will provide infatton about embedded energy in
materials & products and production methods. Thi®rmation enables optimisation of
energy efficiency considering the whole life cyclsd supply chains of materials, products
and the building.

Logistics

Reducing the weight and volume of manufactured petsl and modules via design
optimisation. Reducing the transportation distariaeoptimised logistics planning; integrated
logistics from multiple suppliers and local proament.

On- and off-site production management

Manufacturing: Improvements of the production processes of buwgidmaterials reduce
embodied energy in buildings. In particular steelncrete/cement, bricks and glass require
very high temperatures that can only be reachealytbgl the burning of fossil fuels.
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On-site  production managemenDecision support for onsite vs. offsite produgtio
addressing e.g. assembly of voluminous modules it E-catalogues and e-business
platforms to support re-use of building materiald aomponents.

3.1.3 Modelling

Building modelling

Most information that is created and used in cacsibn processes is still presented as
documents e.g. drawings. This kind of informati@n ©nly be interpreted by humans and
needs to be manually entered into other ICT todlse required human effort limits the
exploitation of already generated information femnuseful purposes.

The practice of computer aided modelling is wethblished over decades of evolution in
architecture, engineering, production planning amehufacturing. In the context of design
modelling enables (semi)automatic generation ofwiargs, list of quantities and
specifications.

Figure 11. Examples of various engineering applaat supported by BIM [36], [66]

The trend is towards model-based information mamage. A Building Information Model
(BIM) is a rich digital representation of the phgadiand functional characteristics of a facility
supporting various ICT-applications that share soooenmon information. BIMs are
interpretable computers, which enables automatsysfems integration and user/context
specific presentations/views. BIM contains mulsaplinary data specific to a particular
building, which is described unambiguously. Theulesf proper BIM application is an
accurate and dynamic multi-dimensional record & thcility’'s design, construction and
operation. Shared building information model maym#tely cover the needs of all involved
disciplines providing all the needed views to thdoimation and different computer
simulations and analysis. A basic premise of BIMtssuse to foster optimal collaboration
among project stakeholders throughout the lifecyaflea facility [6], starting from early
briefing and ending to the demolition of buildingdare-use of the materials [66].
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Modelling and presentation tools for complex prddweill be used to create a scalable virtual
representation of an entire building that includéscomponents and systems. Planners and
designers can use the information from such “virtualdings” to obtain resource savings
throughout the life cycle of facilities [99].

Urban/district modelling

Similarly as in building design, there is alsoentt towards model based urban/district design
and planning. The background of this developmefbim geographical information systems.
The resulting standard, CityGML, supports storage exchange of virtual city models [100].
There is some overlapping with the building infotitma modelling standard IFC, but
conversion software tools are available. The vis®that a common information model, or
interoperability between different models, coveribgildings, urban infrastructures and
energy networks will emerge.

Ontologies

An ontology is a formal specification of conceptsir relationships and constraint, in an area
of interest It is represented in a formal, machie@dable language. Ontologies are used for
communication between people with different viewpsi interoperability between
heterogeneous systems and systems engineering He8Jever, today no such common
ontology exists in the ICT4EEB domain limiting tipessibilities for holistic approaches
across the 3 sub-domains: ICT, energy, buildings.

Semantic mapping

The vision is that integration in the ICT4EEB domuiill be achieved via common modeling
language and/or semantic mapping.

3.1.4 Performance estimation

Previously, the focus has been on “design-to-spatibn” and up-front capital costs with no
or limited account taken of the longer-term perfante [100]. Numerous model-based tools
already exist for estimating energy efficiency otilhings: databases, spreadsheets,
component and systems analyses, and whole-buil@ingrgy performance simulation
programs [9]. Their use is still hampered by insight interoperability (section 3.5.3).

Simulation

Simulation creates useful insights and opportunities for ifigant energy savings over
physical modelling by replacing energy intensive axpensive procedures, and also enables
products to be better designed and produced. & langnber of simulation tools are available
for various applications such as building and gistenergy consumption, human comfort,
lighting, airflow, systems/subsystems, acoustia®, ftraffic etc. These are often based on
proprietary models and concepts. The vision is #aulation tool will use available data
from other design and analysis tools whereby sitiarlacan be applied at significantly
reduced overhead.

Whole-life costing

The primary benefit of whole-life costing is thaists which occur after an asset has been
constructed or acquired, such as energy usagebigfment, operation and disposal, become
an important consideration in decision-making. Adgtritt level aspects like commuting,
transport, local energy generation, storage ardintgawill become target for holistic planning
and optimisation.
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Life cycle assessment

This topic covers a wide suite of applications twlgse the performance of a building
through part its whole life from “cradle to gravelith respect to specific criteria such as
environmental impact, carbon footprint, energy esdgealth, waste, pollution etc. These
tools support decision making by all stakeholdensd contractual and regulations-based
performance management (section 3.3.1). Commetmidd exist but are not yet commonly
used in construction. The vision is also thesestawlll become easier to use thanks to
advances in interoperability and model-based design

3.2 Intelligent and integrated control

Current and future ambient technologies will makepassible to embed intelligence in
potentially any object in the building thanks téoaflable chips and micro embedded systems,
as well as sensors and actuators, which are thent@ldialog thanks to wired and wireless
communication techniques. Each material, compornenisehold appliance within a building
will further be able to provide useful informatiogven if the final objective is not necessary
to “garnish’ all and every parts and componenta btilding.

Therefore, the vision proposed for this sectiontéligent control” is that thefuture
buildings, along with their components, equipmentgnd their environment will
communicate and be able to provide information dretr status ubiquitouslyThis real-time|
available contextual information will be interopel&@ via common protocols and platforms
for holistic automation & controlThe whole building will be supervised by intelligen
systems, able to combine information from all coruted devices, from the Internet or from
(information systems of) energy service providers arder to efficiently control HVAC
(heating & cooling), lighting, and (hot water) sysins along with energy production,
storage and consumption devices inside the builditaking into account the users' needs
and wishes.

Moreover, besides buildings integrating technolsgaad IT-based systems responding to
user’'s needs being more comfortable and functiahalse buildings will integrate various

forms of intuitive interfaces for users’ and buidi owners’ awareness. In addition to
enhanced energy savings, building tenants will isegroved comfort and convenience,

greater space flexibility, reduced cost, and enedrsafety and security

The ultimate vision consists in positive-energyldings that will transform buildings from
pure consumers to "prosumers" (producers and cagrsymincluding energy production
through renewable energies — integrated productiod consumption piloted by ICT
intelligent systems. They will be integrated intmast energy grids, allowing energy
management at the neighborhood, district and eitgls.

The vision of the key characteristics and featwkshe future so-called "Smart Energy-
Efficient Buildings" can be summarized as followalHhanks to appropriate ICT:
Integration of renewable to Positive-energy buiddin
Seamless integration into smart energy grids;

Flexible capacity for interconnection, from all dms in a building to all buildings in a
neighborhood;

Automatically (re-)configurable devices (plug-andypconcept) and equipments;

Capacity to host sensors and actuators an to ateegjiem for ICT-controlled energy (and
comfort) management;

Communication between sensors by protocols that are
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Safe, in the sense of preventing mixing of infonoratoetween devices from different
buildings/tenants, and preventing data collectipm-allowed third-parties);

Low-level energy consuming;
Wireless and, potentially, endless energy supplgémsors;

Embedded failure detection and alarms on faultyicdsy with methods allowing
preventive & predictive maintenance;

Holistic optimization of the built environment (céont, security, safety, energy
consumption/production/storage) through central trobn systems or distributed
intelligence;

Integration of complete management systems (cecaralol, sensors and actuators) with:
Energy consumption that shall not be more tharette¥gy savings it achieves;

Easy-to-use functions, i.e. not based on systeatsatie more complex than the current
set-top-boxes or internet boxes.

The four main concepts that will be at the basi4mklligent control" are the following:
Automation and control;
Monitoring;
Quality of service;
Wireless sensors networks.

These concepts are developed in the next sections.

Figure 12. Estimated potential energy savings redd
thanks to ICT in smart buildings (Smart 2020 reda@g])

3.2.1 Automation and control

Automation and control consist in methodologiegicedures, equipments and ICT systems
that are able to manage (through actuators, miciusc embedded systems) all energy
production and usage in a building, according tformation received from inside the
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building (user interfaces, sensors, appliances,rggnalevices — production, storage,

consumption) and outside (the Internet, energyigderg — ESCOs, neighborhood and district
energy systems, weather conditions, etc.) in otdeznsure a high level of comfort, while

optimizing the energy consumption of the whole dini).

System concepts

Automation and control systems in a building wik Imodular (with easy integration of
elements in the ICT-based network implemented enlthildings), easily customizable with
configuration tools, adaptive and able to learmmfriheir environment. For individual homes
or small residential buildings, these systems Wwdl cheap enough so that the return on
investment of building automation is unquestionalslempared to the energy savings and
energy bills reduction they achieve. ICT-empowerbkdildings will react to their
environments and to users’ needs and behaviorsciprely. Concrete strategies will be
available for each type and/or use of buildingsfi¢ef buildings, collective/individual
residential buildings, public buildings, etc...), thall be easily adaptable (and self-adaptive
whenever possible) when parameters related to thilifgs, its environment or its
occupancy are evolving. Following a systemic apghpaylobal optimisation methods and
algorithms (based on genetic algorithms, neuralvods or fuzzy logic for instance)
according to various contexts (users' profilesusgclevel, climatic zones, time of year) will
help tuning the control system for improved enesfficiency. A very high level of
robustness of the mentioned methods and algoritwitisbe needed in order to actually
achieve the targeted energy efficiency resultssesemy drift (or a wrong configuration) can
lead to huge consequences on the final energy dakheet.

Future automation and control systems' architestunll be scalable, flexible and modular
(allowing to add and remove with minimum manual faguration whole applications
dedicated to specific services like security, ascesntrol, fire supervision, energy
management, lighting control, etc.), thanks to ogiamdards for "building operation system"
and distributed intelligence.

This level of service will result from the combiimat of (among other systems): intelligent
HVAC, smart lighting, predictive control, managerhehp-generation and storage systems.

Intelligent HYAC

HVAC systems (Heating, Ventilating, and Air Conditing) are equipments used to control
and operate Heating, Ventilation and Air-Conditranidevices in a building, such as heaters,
air conditioners, boilers, and heat exchangers.

Future intelligent HVAC systems will take into ace all information available from the
different sensors (temperature, occupancy, light weather forecast information and typical
user behaviour to optimize HVAC processes, outpat eonsumption. Building behaviour
and user profiles will have to be defined through development of adequate models.

Such systems must moreover be easily programmald the “last word” to the user, and
self-learning to adapt to change of users and &weolwf users’ behaviours.

Smart lighting

Smart lighting comprises new light sources (like DLEOLED, compact fluorescent
technologies) along with ICT-enhanced lighting coh{through occupancy sensors, daylight
and ambient light sensors, dimming systems) anldheip to further reduce the energy bill of
residential and tertiary buildings on a very lasgale.
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ICT for micro-generation & storage systems

ICT will enable innovative and replicable architeeis allowing integration and management
of all kinds of renewable energies, to optimize Itheal distributed production and storage of
energy/electricity, and to dynamically pilot theeegy requested in various parts of a
“building space” and according to some various egtst (user profiling, security level, etc.).
The controlling of these systems will be seamlessijegrated to “Building/House
Management Systems”.

Predictive control

Predictive control consists in both predictive gien of the energy devices in a building,
based on weather forecasts, time schedules, uséteprand presence, building energy
consumption models; and predictive maintenancedoasedevices failure detection or drift
identification in the global energy consumption.

Predictive control and maintenance offers a hugeggotential (cost of building operation)
for industrial and professional buildings. Filtess HVAC devices for example will not be
changed for all devices once a year but after argiime in use. This is the same for electrical
bulbs. Improved maintenance processes throughghefucentral automation and control has
the potential to deeply improve energy efficienayductivity and security.

These data must be collected thanks to the semsaork in a central maintenance / control
system that is aware of the state of all devices.

3.2.2 Monitoring

Instrumentation

The instrumentation of building elements with sess@ctuators, micro-chips, micro- and
nano-embedded systems will allow to collect, fild produce more and more information
locally. This huge amount of distributed informatiaill have to be further consolidated and
managed globally through the global monitoring egst in liaison with the Building
Management System. Consolidation will be done tlaocount well identified patterns for
energy management improvement.

Monitoring based on smart metering supports perémee data analysis, and visualization of
energy usage (section 3.3.2).

Smart metering

A smart meter is a meter that can record and repodrgy consumption information

automatically. Smart meters can relay informationaodaily, hourly or real-time basis to all

involved stakeholders (users, asset managers, \er@ayiders, energy managers, grid
managers), allowing any of them to precisely aralgnergy consumption, take appropriate
measures and/or propose adapted services. Thendgthe sent to the utility provider either

over the wires or wirelessly.

Future smart meters will need to ensure data pyivaod security when communicating
detailed consumption profiles and data over theceored communication networks. New
privacy policies and rules will have to be agregubru between the users and the energy
providers / grid managers, in order to guarante¢ personal data will not be mixed and or
sold to third-parties.

3.2.3 Quality of service

Future building control systems will have auto-diastics features, and be able to detect
failures from any device that is connected to thstesn. In addition, since voice, data,
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security and energy information networks will bé&enconnected, the chosen communication
protocols and infrastructure will ensure the highlevel of integrity (in terms of data
exchange) between all applications.

Quality of services is based on improved diagnestitd secure communications.

Improved diagnostics

Building control systems will feature diagnosis lodhat will detect malfunctions in all
connected devices (including sensors, communicatetwork, actuators, control software,
etc.) and external intrusions in system.

This includes in particular information processiegtimation of bias, reliability of sensors),

tools for detecting abnormal consumption, diagnésismaintenance (new solutions needed
for automated or continuous commissioning includdiggnosing malfunctioning sensors,

actuators, valves...).

Secure communications

Communication protocols will guarantee high trarssian reliability and security level as
well as data consistency, even for poor transmmssates and for both, wired or wireless
transmissions. This aspect is especially imporgante voice and data transfer means and the
building automation system transfer means will @ge and use the same structure.

3.2.4 Wireless sensor networks

Future Building Management Systems will be mos#dgdal on networks of wireless sensors
and actuators enabling all energy (consumptiondyetion and storage) systems and
indoor/outdoor conditions measurement devices tmngonicate and share energy related
information.

Although the performances of wired networks areerihian enough in terms of bandwidth
and reactivity, wireless networks will be necesdarnyexisting buildings where redeployment
of cables is impossible. Moreover, wireless netwddature greater flexibility and allow easy
addition or removal of devices with a minimum ofoefs. For this, sensors, actuators and
energy devices will need to have auto-configuratind reconfiguration capabilities.

Regarding energy supply, all sensors should benattoally supplied or self-supplied,
otherwise, once the batteries are empty, the usigist not care about replacing the batteries,
and the whole system will become useless.

Furthermore, the position of sensors will be deteett during the design phase of the
building (either for new buildings or for renovatioprojects), using CAD modeling
applications able to optimize the placement of genfor better performances, robustness and
reliability of the measurements.

Hardware

Sensorswill be used for detection or measurement of: tligemperature, pressure, noise,
humidity, air quality (in terms of CO2 but also terms of volatile organic compounds or
other polluting agents), presence, activity, eteeyl will be highly reliable, with minimum
maintenance needs, and remote diagnosis will bsiljes Packaged sensors will be able to
integrate several functions and thus reduce tla notmber of necessary sensors.

Ideally, sensors in wireless networks will be coetglly autonomous in terms of energy
supply. They will thus rely on energy harvestinghteologies and get their energy through
highly sophisticated devices using a suitable nfiteohnologies like: vibration, temperature
gradients, electromagnetic waves, and light via(phbotovoltaic) cells.
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To be able to benefit completely of these intemmnittenergy sources, autonomous wireless
sensors will also need high performing rechargebatteries.

Besides, energy efficient wireless communicatiootquols that reduce the frequency and
amount of information that must be transmitted .(exgth energy aware routing) will
contribute to reduce energy consumption by sereadsallow the possibility of autonomous

supply.
Once sensors are autonomous, they can be integrateshdows, walls, doors..., from the
beginning of the building construction.

Operating systems

Like explained before, energy consumption of sensoust remain extremely low, but
sensors have different radio components, procesaodsstorage. It is a challenge to integrate
them on a WSN platform since their hardware isedéht and processing raw data can be a
problem with limited resources [101]. System sofevauch as the Operating System (OS)
must therefore be designed to support these seplatorms. The OS must provide an
especially low consuming API. This API might be dige put the sensor hardware into a
stand-by mode in a major period of time and allgvih to wake-up only when some
threshold has been reached on its inputs.

The OS must however provide reliable data dissetmimgrotocol for program binaries such
as its own sensor firmware. This provides a wayefwrogram the sensor fleet in a network
and enables, for example, easier bug-fixing ortlonaadaptation when the use of a room or a
building is changing drastically.

Wireless sensors can form mesh networks, connehtingred to thousand devices together.
Each sensor is in the same time a leaf as wellrasla of the network. Underlying OS must
thus be able to handle data transmission and sewsoity in the same time and therefore
assure a trade-off while scheduling between dateai@ing and its own activity.

Moreover, OS must be able to handle priorities adhetask, so that, when battery level is
low, only high priority tasks are performed.

Finally, embedded multi-tasking OS will evolve tmpide more real-time functionalities to
meet different real-time application requiremeristure platforms will support automatic
management, optimizing network longevity, and distied programming. Because of their
specific hardware and different functionalitiesnsears will require powerful OS that handles
task scheduling, radio communication, time, I/Ogassing, and middleware services will
include time synchronization, message routing wii#tta aggregation, and localization [38]
and standard abstractions (such as UNIX) and stugpatmon programming language (like
C) [11].

Network design

Future wireless sensor networks will be designddngathe best of different network
topologies (meshed, tree, star, etc.) enabling npaley to dynamically switch between
different network topologies, for example dependamtthe battery level of the nodes (that
can be the sensors themselves). Specific tools@ithvailable for modelling, simulating and
testing sensor networks.

Besides, to allow plug-and-play of new sensors selficonfiguration of WSN, a set of
standardized roles and services, like APIs in tied wervice model, will be defined and
shared.
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3.3 User awareness & decision support

3.3.1 Performance management

The vision is that energy efficiency of buildingsliwe ensured by established models,
methods and tools for: understanding customericligerceived values; capturing and
formalising requirements; conveying the requirersetd all stakeholders; assessing the
estimated or actual performance and expressingtlt verifiable performance indicators;
communicating/visualising the performance for decis making by the involved
stakeholders.

Understanding ICT impacts

The mechanisms and potential impacts of ICT ongnefficiency are well understood and
supported by causal models and evidence. This emabformed decisions to use ICT
solutions for improved energy efficiency.

Performance specification

Capturing and formalising user/client requiremeats; transforming/conveying them to all
stakeholders throughout the process without loosirgg original intent. linked to Energy
Efficiency performance metrics assessment includidgcision support & service
configuration.

Performance metrics

Components, spaces and buildings are charactengkdoerformance indicators which can
be assessed using standardised methods and consplitiare tools.

Performance analysis and evaluation

Energy performance assessment and benchmarking toolmeasure and tag energy
performance labels to buildings. These can leatnfwroved energy performance, support
best value procurement of building products andtswis, and serve as basis for continuous
energy performance of buildings, etc.

Prediction, through calculations, simulations orasweements at various stages of the
building life cycle. Comparison/benchmarking wittmgar buildings. The trends towards

performance based regulations and contracts r#ligeseed for ICT-based validation tools.
As an example, simulation can be applied to vadidiampacts that can not be directly
measured from the physical building.

There is a need to develop and to apply commordg@ed models enabling to characterize
the energy consumption of a specific building feveral “usual’ use patterns. By such
models deriving theoretical performance, an estonabf energy consumption will be
possible (and the results widely accepted). Of smuthese kinds of models have to be
continuously updated by real results.

In a first time, the performance of a building vatly be measured by “physical” parameters
(temperature, light level ...) for a given energy smption. In a second time, social use
studies might be able to define a “wellness” pataméhat is a mix of temperature, light
level, air quality, etc. Based on such works, penfance of a given building will then be
defined by the ability to optimize “wellness” whileninimizing energy consumption.
Eventually, there is high potential too from modal®wing to confirm (or infirm) energy
efficiency with respect to already known parameters similar buildings.
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Recording performance information

Recording performance aspects in the integrateldibgiinformation models (BIMs), so that

performance building assessment and benchmarkiunigl ¢ included in the different stages
of BIM in order to support target setting, desigor fsustainable building, sustainable
maintenance and decision making when making prooemés and investments. This should
be accompanied by the development of guidelinesder to support the further development
of existing BIM software. As a very initial sketdijs must rely on:

Conformance validation & commissioning

Building commissioning is a systematic processnsueing that a building performs and can
be operated as intended. Today it is not autoniticecluded as part of the typical design

and construction process and is even less appbeddntinuous performance optimisation
throughout the life of the building. Commissioniegergy-efficient buildings is especially

important because equipment is less likely to bersized and can not compensate
malfunctions. [95]

ICT support tools for commissioning cover e.g. @umce, manual or automated data
collection, analysis, simulation, monitoring, opiation, reporting etc. The vision is that
continuous commissioning is part of the whole tifee of buildings, supported by embedded
functionalities of various ICT tools and systemséday. design, building management etc.

Audits and labeling

Standardised audit methodology applied by speeidlgervice companies to analyse existing
or planned buildings, and awarding labels basethenobserved performance.

3.3.2 Visualisation of energy usage

Energy awareness tools

Through smart metering, visualization of energygesand performance data analysis, all
stakeholders (users and owners, asset managergy gmeviders, energy managers) are able
to visualize and analyze energy consumption in-ties#, take appropriate measures and/or
propose adapted services.

A building’s energy consumption can be visualizedreal-time with the help of energy
performance analysis applications, like in curresnts where the driver can access real-time
fuel consumption and various security informatibnotigh the dashboard computer. These
applications are able to provide the users ancehtakers with adapted and value-added real-
time data and/or reports that can help to impraer awareness about energy consumption in
the building, and allow the user to act conseqyeantt take decision.

Intuitive feedback to users on real time energyscomption in order to change behaviour on
energy-intensive systems usage could reduce 5-16%nergy consumption [22]. Such

feedback might include comparison to “better” canption patterns and might suggest
appropriate measures for energy saving. For thimyam-centric graphic interfaces will be
needed, ensuring the acceptance of embedded syatainsther ICT-based solutions for a
wide range of users. Such human-centric graphierfetes will ensure the right level of

number and complexity of feedback data (to avoa& ukers getting information they do not
require in the first place). Thus, information pded by these systems will be unobtrusive,
and attuned to the user's available attentionngakito account both his/her activity and the
urgency of the notified information. Future visazalion devices have to integrate all kinds of
energy consumption of course, especially those fmsdteating.
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The vision for the type of information that coul@ llisplayed on the device is mainly
dependent on the evolution of future ICT technadegiintegration platforms that are
available, and what/how information could be rdlyadaptured and be used.

However, future display technologies could movewsy from display screen such as LCD.
Examples of potential developments might includg: development of very thin, flexible,
paper-like display materials that can be addedpiiiea even printed onto everyday surfaces,
across whole walls and rooms and incorporated funtoiture, will offer new surfaces for
display projection; (2) use of real world objecssdisplay surfaces, and incorporating display
into our environment. [50]. The pace of change ireshe nature of displaying information
which can only increase in the future. Its implicas though on user behaviour and
awareness would be the key in driving the typehainges in future displays.

Examples of energy awareness displays

Figure 13. “Electricity Traffic Light” display

The wall mountable tariff display device changes
background to green-yellow-red depending on
electricity price. The device also displays oth€oi-
mation like date, time, weather trend and temp
ture. [28], [29]

Figure 14. Flower lamp Figurel5. “Sparzahler”

The lamp reflects energy used by changing its Graphical interface that displays dats
shape. In order to make the lamp more beautift coming from smart meters
change in behaviour is needed. [1]

>

3.3.3 Behavioural change by real-time pricing

Opportunities for utilities to offer real-time, dgmic pricing systems that can be tailored to
industry and residential needs are becoming mopaitant with the growing significance of
smart grid. The assumption is that smart metesntdné most effective way to send pricing
signals to consumers/building owners and manipadatf such tangible information (i.e.
pricing) will potentially transform their power cemmption patterns and influence the future
design of smart meters.

Future evolution of smart meters appears to beedriby systems that react quickly and
intelligently to changing environmental conditioridence, they are built with event-driven
architectures, rather than request-or time-drivesigh styles [69].
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Therefore we envisage in future that many of thmdg” devices (e.g. HVAC, electrical
appliances, etc) are networked in a building/offieem, which can “communicate” with the
smart meter based on how much electrical poweeiisgbused (or how much money is being
spent). This in turn enables self-correction in dperation of the “smart” devices based on
pricing decisions made by the consumers/buildingners. Similarly it is also possible for
utilities, with the consent of building/home ownéo, have the ability to change “smart”
device settings to increase/reduce demand.

3.4 Energy management & trading

3.4.1 Building as a prosumer

In order to enable the building as a key node withe grid, where it will participate not as a
load but as an active element, not only consumungatso producing, a new approach on
micro-generation and storage, energy managemeteinsysand user interfaces is needed.

The building will become smarter, more energy éffit and enable the customer to become a
participant in the energy market.

The following topics represent the needed stefettaken in order to achieve this vision.

Building energy management systems

Energy Management Systems (EMS) will be self-canfitgp, choosing the optimal

configuration and operating mode depending on teeicds / equipments installed, pre-
defined strategies, and anticipated needs. Thissniet all needed information will have to
be available in sharable data repositories, inolyddescription of all building energy

properties (at level of envelope, equipments, deviand deployed ICTs), building usage,
assembly and operating rules, etc.

Moreover, such information will have to be desadib® a standardised way to allow

interoperability with simulation and engineeringl® Enhanced BIM will play a major role

in that context by storing such unified informatiotogether with open data schemas
facilitating the use of BIM data (e.g. gbxml), aglwas e-catalogues to describe product
properties.

In addition, EMS will have capabilities for beingnnotely monitored and controlled by the
utility or other party. Then, the customer equipimeill receive requests for actuating over
specific equipments (switch on/off, delays, standtiy) based on the needs formulated by the
electricity grid. The customer equipment will adjugperations as requested and provide an
acknowledgement of receipt and processing throbgheMS back to the party or the utility.

Spaces can detect user presence and personalieetlienment to the user’s preferences:
lighting, temperature, indoor air quality etc.

Energy profiles: The information generated aboeteéhergy usage of a building will be used
for district energy management, optimising energyragge use and/or exchange/trading
between buildings etc. [48]

Data repositories — enhanced BIM

It is envisioned that Energy Management Systems lvél self-configuring, choosing the
optimal configuration and operating mode dependinghe devices / equipments installed,
pre-defined strategies, and anticipated needs. f@ians that all needed information will
have to be available in sharable data repositonegjding description of all building energy
properties (at level of envelope, equipments, deviand deployed ICTs), building usage,
component installation, assembly and operatingsruheaintenance activities history, etc.
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Moreover, such information will have to be desadiilie a standardised way to be independent
from any specific application software.

BIM (Building Information Model) will play a majorole in that context by storing such
unified IFC-compliant information during the wholailding life cycle, from design to

operation, together with open data schemas faaigahe use of BIM data (e.g. gbxml).
Besides, component or product properties will bailalsle in suppliers’ e-catalogues in a
standard format for integration in configuratiorphgations.

Advanced metering infrastructure

In addition to basic meter reading, Advanced Matgrinfrastructure (AMI) systems will
provide two-way communications that can be usedhbyy functions and, as authorized, by
third parties to exchange information with customevices and systems. Therefore, different
application cases appear:

Support of customer awareness of their instantamkW@thr electricity pricing

Support the utilities in the achievement of itsdaaduction needs. The AMI will help
facilitate load reduction at the customer’s site dpmmunicating instantaneous kWhr
pricing and voluntary load reduction program evetusthe customer and to various
enabling devices at the customer’s site.

Enable customers to more easily participate intytdnd non-utility demand reduction
programs, by allowing third parties to help themniar and control their equipment,
appliances, etc.

On-demand Energy Management System Optimization

Energy storage, distributed generation, renewalaed, demand response will be used as
mechanisms to optimize building loads in responsecth dynamic pricing (DP) signals and

system operational needs. The DP system will peotite DP schedule into the EMS and
perform the necessary optimization activities tplement the DP goals.

For example, a large industrial customer that cauldail large loads during peak hours
would get a different rate than a small commercigdtomer with less ability to modify its
load. The Grid operator would send price / relipgignals to the customers it serves, using
the AMI system and receive information from thetooser

The customer’s Building Automation System (BAS)Ivaptimize its loads and distributed
energy resources (DER), based on the pricing ahabiéy signals it receives, the load
requirements and constraints, and any DER requimtsneapabilities, and constraints. The
BAS will understand the nature and opportunitydtiering consumption based on economic
and comfort drivers, and, the physical dynamicghefspecific customer premises. The BAS
then issues (or updates existing) schedules argr atintrol mechanisms for loads and for
DER generation. These control actions may be autoatlyg implemented or may be
reviewed and changed by the customer.

Load and Distributed Energy Resources forecast algo rithms

The EMS will use site-optimized algorithms to fawstits load and DER generation. It will
also determine what additional ancillary servicesauld offer, such as increased DER
generation or emergency load reduction, and cakewaat bid prices to offer these ancillary
services at.

Smart Appliances

The electricity grid will allow customers to becomaetively involved in changing their
energy consumption habits by connecting their peks8mart Appliances to the utility grid.
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The customer will be able to manage their ener@gesand costs. Communication will be
through the Energy management system/Gateway omttering system, based on open
standards.

3.4.2 Smart Grids

In order to enable a proper energy trading betwmeldings and between buildings and the
grid, a so-called smart grid is needed. A smad §ri7] is defined as the one which uses
sensing, embedded processing and digital commummsato enable the electricity grid to be:
observable (able to be measured and visualized)
controllable (able to manipulated and optimized)
automated (able to adapt and self-heal)
fully integrated (fully interoperable with existingystems and with the capacity to
incorporate a diverse set of energy sources).

Therefore, it will provide greater transparency andilability of energy market information.

It will enable more efficient, automated managenwnmarket parameters, such as changes
of capacity, and enable a plethora of new prodants services. New sources of supply and
enhanced control of demand will expand markets lanmtfy together buyers and sellers and

remove inefficiencies. It will shift the utility @m a commodity provider to a service provider

and it will enable consumers to be part of the gpenarket at local or even regional level.

The vision of smart grid for ICT4EEB includes:
optimisation of all future investment on buildings;
creation of cost-savings opportunities;
reduction of environmental impact with respect tdding owner choices; and
better management of energy supply, integrating datributed generation and renewable
energy sources.

We envisage smart grid has an effect on the lisatabn of electricity markets in the future,
which allows building owners/end users to make @ated and smart choices about their
electricity consumptions based on their individpegference with respect to cost, reliability
and environmental impact. Future smart grid shontdude enhancement across the entire
energy supply chain, ensuring the integration af-tiene analytic information across the grid,
which should result in measurable value for alkstelders involved.

Different research areas have been identified deioto achieve a real smart grid.

Demand response capabilities

Demand Response is a temporary change in elegtdorisumption by loads or aggregation
of loads in response to market or reliability caiuatis.

By managing loads through Demand Response andissgmm non-traditional small-scale
generation, the opportunity exists to:

Allow consumer market participation and consumpgtdling choices;

Introduce new markets for aggregators, micro-grigerators, distributed generation,
vendors, and consumers;

Control peak power conditions and limit or removevinout/blackout instances;
Flatten consumption curves and shift consumptioesi
Respond to temporary grid anomalies;

Maximize use of available power and increase systéfimiencies through time-of-use
(TOU) and dynamic pricing models.
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By extending the smart grid within the home (viacae area network), consumer appliances
and devices can be controlled remotely, allowingdiemand response. In the event of a peak
in demand, a central system operator would potgntie able to control both the amount of
power generation feeding into the system and theuamof demand drawing from the
system. Rather than building an expensive andiawefit “peaking plant” to feed the spikes
in demand, the system operator would be able teeiasad demand response orders that would
trigger a temporary interruption or cycling of natical consumption (air conditioners, pool
pumps, refrigerators, etc.).

Dynamic Demand is an emerging technology that coedidice the amount of electricity used
by appliances, e.g. refrigerators, during peakqgolsrithrough the automatic configuration of
power consumption in response to second-to-secbadges in the balance between supply
and demand on the grid. This new technology coedllice UK’'s CO2 emission by 2 million
tonnes a year. Refer to two Dynamic Demand caskest{i7], [57].

Traditionally, the focus of the use of the Dynamllemand technology is on services in
relation to domestic and industrial refrigeratidime vision is that this technology could also
be applied on other industrial equipments commasigd in buildings such as HVAC. It is

perceived that the aggregation of many of thesesl@auld provide a cost-effective means to
manage the ‘supply-and-demand’ of the grid. Thisifect ensures the quality of energy
supply to the grid, which could potentially alloarfmore integration of renewable electricity
generation that are variable in nature.

Indeed, as soon as dynamic electricity prices exi price level will determine if it is
advisable to e.g.: produce energy and sell it, prcecenergy and consume it, buy energy and
charge the storage systems, sell energy and eimptstorage systems. A Demand Response
Service Provider will collect energy and ancillagrvices bids and offers from Dynamic
Pricing subscribing customers. The Service Providdr combine those bids into an
aggregate bid into the market operations bid/offgstem. When accepted, the Service
Provider will notify the end customer of the statunsl requests scheduling of the services.

Real time self-assessments

Through integrated automation, the grid will sedfah restoring grid components or entire
sections of the network if they become damagedvillt detect, analyse and respond to
subnormal grid conditions. It will remain resilieminimizing the consequences and speeding
up the time to service restoration. It will enabt®ndition-and performance-based
maintenance. Through embedded sensing, automatibrc@ntrol including monitoring and
sensors (voltage, current, etc.), automated swstched controls and microprocessing
capability, the electricity network will respondreal time conditions.

Load balancing techniques

Simplified interconnection standards, two-way powlew capabilities and more effective
load balancing techniques to allow distributed gatien and energy storage to be
incorporated seamlessly into the transmission aswiltltion network; energy management
systems will track the balance of supply and demamdhe network and control consumer
devices to optimize 24-hour energy consumption.

Energy network design and integration

The grid will exhibit “plug and play” scalable anmteroperable capabilities. A smart grid will

permit a higher transmission and distribution gyspenetration of renewable generation (e.g.
wind and photovoltaic solar energy resources)ritistied generation and energy storage (e.g.
micro-generation). Asset data collection, analytaesl advanced visualization techniques
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integrated into the utility enterprise systems wlovide the tools to optimize network
planning.

Secure, ubiquitous and low-latency communications

Resilient, two-way digital communication infrasttuie exhibiting appropriate bandwidth and
latency and enabling communications from generasioarce to consumer end point. Low
latency communications to support active load baranand self-correct for interruptions and
power quality issues in real time.

3.5 Integration technologies

According with the increasing complexity of the loings and needed of increasing their
energy performances, day by day there will be higleenand of ICT tools that make possible
sharing the knowledge that is generated duringdthielings life cycle. At the same time, the
dependencies and interactions among the differeidlibg components is increasing. This
means that standards for modelling the interactind dependencies among the different
building components are required. But also progetggration tools has to be developed to
pave the way toward tighter collaboration among theltiple stakeholders that interact
through the building life cycle.

3.5.1 Process integration

Collaboration support

EEB implies the collaboration among a large grougtakeholders during the life cycle of the
building.
At the definition stage there is a strong dependency among the buildimobitactural
design, customer preferences, energy demand etsdak design (HVAC, lighting,...) and
RES program. These means that it is needed an agilaboration and cooperation
platform in such a way that all stakeholders akvasprk with updated and accurate date
and is able of taking advantage of the informattaat is provided by others.

At the realization stage the increasing complexity of the building proceasd
installations will require ICT tools to make podsilollowing the process and assuring the
requested quality and building energy performané¢dhe same time, updating building
project documents withas-built’ information it is critical for arriving at the hiding
usage stage with the adequate information for thergy efficient operation and
maintenance of the building.

Usage stagds the most critical stage from the EEB. EEB as$ #tage depends on the
design decisions that were made at the definitiages the quality of their implementation
(realization stage) and the correct operation aatht@nance of the building during it use.
At this stage is very important to have updated awodurate information about the
building, its installations and its operation cdraiis, in such a way building users and
facility managers can efficiently cooperate to aghi the high energy efficiency of the
building during its operation.

Current available ICT groupwork support tools imt#ua multitude of applications and
standards for: computer supported collaborative kwESCW), customer relationship
management (CRM), data exchange standards, electdmcument management (EDM),
product data management (PDM), email, teleconféngnavorkflow management (WfM),
supply chain management (SCM) etc.
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Current technology and licensing conditions areetasn the assumption that the same
platform is used by all collaborating participantghile this is feasible for internal use by a
company and their (static) supply network, it id applicable in the construction sector
where persons are involved in several inter-enigurojects at any point of time, all with

different participants. Various web-based collabiorasystems are used in different projects
on an ad-hoc basis. This leads to problems regataiense fees, learning and loss of control
of internal enterprise workflows.

The vision is that distributed team members will be able tdlaborate across through
ubiquitous and multiplatform ICT tools organizatngeographical and time boundaries as if
they were co-located.

There are different ICT technologies and concept®ss development will support the
achievement of this vision:

Groupware tools

Collaborative working environmen(€WE) will blur the border between work, leisureda
social activities and relations [59].

Self-configurable system&uture collaborative working environments will &ligle to learn
and adapt to various working and collaborationestydnd to different legal and regulatory
conditions (semi-) automatically [59].

Dynamic virtual teams:Collaboration support services are commerciallilable to
temporary, distributed, cross-organisational priojeams.

Inter-enterprise interoperabilityFuture CWEs will allow the employees of each
organisation to use their familiar in-house systethnat are synchronised with the
collaboration environments of project partners treasparent and secure way.

E-Legal: Web based contract negotiation, enactment andicordgsolution will be legally
valid without replication with traditional documépéper based procedures. At the same
time, digital signature and digital certificatedlwguarantee the authoring and authenticity
of any digital document.

Model based workflowsTools will support model based change & versiomaggment
and inter-enterprise workflows. Sharing of modelgl we governed by contractual
conditions for ICT based collaboration.

Model serverswill support near real time sharing of model basgf@drmation (BIMSs)
between project participants.

Monitoring and control via InterneData that are managed by the control system hlas to
opened through Internet to other applications, exdarnals to the building, in such a way
that these applications can work with better infation. For example, a management of a
building could be done from a general “dispatchjngthich could manage several
buildings: in the same area (i.e., smart-grid apphy; owned by the company (i.e., hotels,
bank offices, public buildings); managed by the sdatility manager, etc.

Migration strategies

Migration strategies:The construction sector has been trying to mowvecty from
collaborative _document managemesystems to_model managent. It is expected that
transitional technologies like PDIproduct data management”) will be adopted foarude

& version control and management of BOMs (bills roaterials; often called “bills of
guantities” in construction). Increasing indusisation of construction emphasise the use of
BOMs as contractually valid information between pamies. Eventually PDM- and BIM-
based technologies will merge.
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Electronic conferencing

Today the common options for electronic conferegiéntliudes tele/web/video-conferencing,

which provides an alternative to physical preseand has enormous scope for reducing
travel. This affects personal transport energy ssmificantly, but also energy use in

commercial and residential buildirigs

Another option is the emerging technology of usmgnan-controlled avatar in a 3D virtual
meeting for people to discuss and interact. Thength of 3D virtual meeting is its richness,
which include features that are not offered initradal conferencing modes, as follows:

interaction with people in real-time using multipdellaboration tools at one time that
ranged from audio, chat screen, whiteboard to fatiages and motions)

existing applications e.g. Word, PowerPoint, ear be displayed and shared.
support very large numbers of meeting users (angsp

Potentially, this could represent the next genenatf how real-time meetings would be
conducted in the future. Over the next 5 or moraryewe envisage more uptakes in
enterprises to use 3D virtual meetings to replaaee-to-face meetings, workshops and
conferences.

Future evolution of the tools could lead to the oéeirtual personalised desk (see section
3.5.5.1a) in public areas e.g. airports, shoppiagtres, etc, creating the ability for mobile
workers to stay connected to the office and woiltheut using a laptop.

Distributed systems

Distributed systemsCurrent ICT tools for design and management ofrggnesfficient
buildings are developed as “monolithic” systemg thelude all the software that is required
to support their functionality. This approach makieis tools very efficient to developed a
fully predefined functionality, but also very rigahd inflexible to evolve and adapt to the
changing requirements and users needs.

Thevision is that ICT tools for EEB will be developed asymamic integration platform that
is able of discovering in the web the most accunadelules to perform the functionality that
is requested by the user, taking into account tilsospecificities on every building project
(local regulations, local building practices...).

There are different ICT technologies and concept®ss development will support the
achievement of this vision:

Service Oriented Applications (SOAA service-oriented architecture is essentially a
collection of services which communicate with eamiher. The communication can
involve either simple data passing or it could ilweotwo or more services coordinating
some activity. [70]

Distributed Data Base application distributed database is a set of databasesdstam
multiple computers that typically appears to amilans as a single database.
Consequently, an application can simultaneoushess@nd modify the data in several
databases in a network. [25]

Lightweight Directory Access Protocol (LDAP)DAP lets you "locate organizations,
individuals, and other resources such as files @gendces in a network, whether on the
Internet or on a corporate intranet,” and whethrena you know the domain name, IP
address, or geographic whereabouts. [51]

! Residential users are generally assumed to be omscious of energy consumption at home than én th
office, thus they would consume lesser energy anthbre proactive in creating energy saving initigi
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Business workflows

The evolution toward a more integrated value chaithe building sector and the emerging

new business models for EEB will require changind automating business workflows. This

evolution process has been already initiated ircdmmercial relations among customers and
suppliers. In this area, standards, as ebXMind different orchestration tools, as Microsoft
BizTalk and Windows Workflow Foundation or SAP Busss Workflow, are been used since
some years ago. However, more “technical” or dordaipendant workflows, are the building

design process, are still manually managed, evémeigase of using digital files.

The vision is seamless integration and automation of thedimgl life cycle business
workflows, including management and technical psses.

The main ICT that will support this vision haveealdy referenced in this documents, mainly
in relation with collaboration support tools (se€oflaboration support” and “Distributed
systems” above, and Standardisation of BIMs inise@.5.3).

3.5.2 System integration

Plug and play

Each new component in a building is automaticaliycovered as well as its primitive
functions for information access. And by analodw principle would be the same at the
neighbourhood level, where each new building ohesav energy generation unit would be
detected and seamlessly integrated in the distmetrgy network. It will lead to highly
flexible and scalable networks, where new compaeah be easily included, existing ones
removed, or defective ones detected and isolated the network (that will possibly show
reduced functionalities, but will still work). Inddition, this will go with a self-
(re)configuration of the system without need of oty reconfiguring the network.

Connections

Many different communication systems and protoaeié continue to exist in the future
(dedicated bus cables, radio communication, pomerlcommunication/PLC...). The
challenge is to make them coexist and interopeanaseseamless way by developing open and
technology-agnostic integration platforms. Intemadée connections and protocols will allow
holistic provision, operation, monitoring and maimance of systems. Various control and
service software will run on a common integratidatform, a “building operation system”.
Various building services (heating, cooling, ligigj air-conditioning, security etc.), which
are currently often operated independently, wilhtenaged holistically.

Service oriented architectures

Integration of BIM, real time information and suppservices: Service oriented architectures
(SOA) integrate BIM-based applications, real timgstems and external services (e.g.
security, remote operation, maintenance, energyigaic.). Buildings become integral parts
of enterprise information systems.

Integration & service platforms

Common platform(*building operation system” [16]), rather thanpaeate hardware, hosts
the control software of various subsystems. Atshame time, common real time operating

2 ebXML (Electronic Business using eXtensible Markbanguage), is a modular suite of specifications,

supported by the United Nations, that enables prisess of any size and in any geographical locat®mn
conduct business over the Internet. [27]
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systems and programming languages that can betasg@gram and manage components
that are developed by any manufacturer.

Value added serviceQpen information platforms and gateways suppakreal value-added
services by specialised companies using informafiom different subsystems to improve
energy-efficiency. Some of the foreseen servicesaato-adjustments of buildings according
to human behaviours, improved human-to-machinerfates including pervasive energy
awareness displays, self-diagnostics and repofdingemote facility management.

Figure 16. SOA-based building services architecteference model [52]

Cabling

We need to be aware that the letters ICT may hitlege variety of issues. We have to be
careful over the risk of only considering as IC® “Data”, in such way that more passive
topics, such as cabling, are forgotten. New emgrgiime technologies will allow designers to
largely reduce the number of intermediate cabiriéis will imply less environmental impact
at the construction stage (less copper, less wastgand regarding Energy Efficiency, less
power consumed by the devices (less devices) asdile conditioning to cool those devices.

We need to bear in mind that in the future, in sdmidings the energy demand of the ICT
systems will be around % of the total energy denwdrite building.

Consequently, there is a general awareness ircfReséctor about the need of increasing the
sustainability of its products, which is reflectedthe GreenIT concept. Although IT systems
are usually complementary equipment to the buildthgir requested infrastructure is very
related with the building. Cabling the basic infrasture of the IT systems and has to be
taken into since the building definition stage.

The vision is the convergence of the telecommunications anlflibg automation systems

networks [71] and that massive high speed data aomuations are supported by lighter and
smaller diameter cables that enable efficient uspathway spaces for improved airflow
through racks and cabinets to maximize pathwayscanting efficiencies. [93]

Gateways

Gateways are H&S systems that allow communicatioeh iategration of several building
sub-systems (with their associated services) iera@ share the resources and functionalities
of their different devices. A primary functionalitf those gateways is to connect the building
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to external life cycle support services provided the Internet or other WAN (e.g. remote
management or maintenance), and to share this cimméetween the different devices and
sub-systems. A core part of a home gateway is iddleware (see below). Common
examples of gateways are home boxes.

Apart from providing a single usage node, futureegays will fully realize the convergence
of several technologies (standard or proprietagspthrough a single device enabling a large
range of services that will take advantage of theriag of common resources to implement
holistic strategies (including energy-focused sigas) in smart buildings. They will have
multiple user-friendly interfaces (for their configtion, use, maintenance...) adapted to the
user type, including various communication channated will be largely self-configuring
depending on the types of installed devices andeamaervices. Besides, they will open the
building system to external applications for e.gmote control, configuration, facility
management applications of multiple buildings, s#g& comfort, etc.

Middleware

To support new context-aware applications that wmplement innovative building energy
management scenarios, new middleware will be requifhose middleware will facilitate the
dynamic integration of heterogeneous networked adsviand related application services
within the system, and exchange of context datangntieem, by providing appropriate high-
level features for all building system users, indahg service providers. Such middleware
infrastructures will allow powerful services to basily deployed and permit users to interact
with them in a personalized but easy manner. Exasnpf key services provided by such
middleware will includeservice discoveryfindependent of any specific service discovery
protocol), andservice interoperability Those middleware will incorporate requirements
coming from the involved three worlds (ICT, EE d@dnstruction). They will be preferably
built on Open Source frameworks (e.g. OSGI).

Development methods and tools

New applications and services for energy efficiemty require new hardware and software
with higher computational power to run not only s@w@&ment/control tasks with huge and
increasing volume of data & information, but momemplex routines such as predictive
algorithms, hot reconfiguration, and handling a§history databases.

To enable a wide and open growth of these solut@mset of development methods and tools
will be needed by the developers’ community: thidudes simulation and test environments,
Integrated Development Environments (IDE), but alata models and schemas for unified
development processes, such as XML schemas or Uddled representations (e.g. UML

MARTE for embedded systems).

3.5.3 Interoperability & standards

Interoperability is especially important for thenstruction sector due to its fragmentation
into many disciplines, project-orientation, tempgrhusiness relationships and long product
life cycles: many stakeholders are involved, eath wany different ICT tools and systems
for a variety of applications which all share socoenmon information. Interoperability is the
key enabler for process and systems integratiothénconstruction sector. It is likely to
remain the main ICT-related challenge for constamctvithin the foreseeable future.

There is still a mismatch between the users’ neednteroperability and the ICT providers’
incentives to support it. Evolution and convergen€dCT standards enable increasingly
effective collaborative processes and optimal dpmraof buildings throughout their life
cycle. The main trend is integration of design/piag information, real time information and
ultimately the integration of these two streams.
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Standardisation of Building Information Model (BIM)

The term BIM refers to digital representation of dab based building information. As
defined by the the BuildingSmart alliance [10], BIMegrates mainly the static information
for design, planning and facility management. Witlspecific ICT tools, BIM is usually
implemented in a proprietary way. Various applisatitools of different stakeholders are
compliant with commonly agreed information defiorts. For interoperability between
different systems, both the meaning (semantics) #ral format (syntax) need to be
“understood” by the involved systems. The potentflstandard-based BIM is to share
information.

Sharing information can be technically achievedpriaprietary, non-standardised models and
translations. However, due to the large numbetakieholders and the temporary duration of
business relationships in construction, the fulleptial of information sharing can only be
achieved via standard-based BIM.

BIMs have to be understood as a holistic strategndrease the efficiency and sustainability
of buildings. The main general advantages of BIM®ption in building is to enable
automated processing of data, thereby reducing faeshanual re-entry and interpretation.
This leads benefits like: cost savings, reducedrerand time saving due to effective inter-
enterprise communication and enhanced re-use efsting knowledge.

An additional impact, especially relevant from tB&B perspective, is that BIMs make
affordable to any building project the analysisitsfenergy performances through multiple
CAD/CAE tools (simulation tools, code checking ®adtc.). This allow creating more energy
efficient building from the very beginning of theopgess and knowing in advance the
consequences of any programming and design decision

The vision is that all the information that is managed durihg building life cycle is
supported by an open BIM standard, in such a walydhta are not duplicated and always are
properly updated and accessible to different stalkielns that have to used them, including
building users, and automatically managed by tlfievaoe tools that they use.

There are different ICT technologies and concept®ss development will support the
achievement of this vision:

Open standardwill support interoperability of common softwareots without re-entry
and loss of meaning (semantics). In parallel, theralso room for non-standaehd de-
facto industry standarcbnversion methods for the same aims.

Ambiguities are avoided by compliance certificatenmd validationof software tools and
interfaces.

File managersData exchange between applications, e.g. vidrlesfer, supports sharing
of versioned information (long transactions). Tieishnology is already sufficiently mature
to be applied between different legal entities unmevailing contract conditions.

Model servers:A higher level of interoperability, and deeper labbration between
participants, is achieved by model servers enalvledy real time information sharing. This
technology is still in an early stage of developimand is associated with challenges
regarding model evolution management, business Isodeollaborative working
procedures, contract conditions, liabilities, IRB. e

Digital cataloguesManufacturers publish value adding product infdioraincluding e.g.
design rules, constraints and dynamic product bebaye.g. thermal). Also other types of
re-usable knowledge are available as templateg toohfigured for customised solutions.
Information is delivered from a single source rgpergation in customisable ways to users
with various needs and tools. The IPR of embeddeowledge in digital objects is
protected. The technology enables open marketsnamd opportunities for knowledge
based businesses.
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Ontologies: Standardised vocabularies/dictionaries, translated different human
languages, will extend interoperability of BIMsrnion-model-based information.

Simulation and interoperability

Simulation tools are often based on specific cotecapd models. The scope of existing BIM
tools and protocols is still insufficient to suppaimulations. Thevision is that the data
required for simulations will be available and nofgerable from other tools e.g. design,
modelling and automation & control. [5], [68] , s#uich a way that building energy efficiency
simulation is a seamless process from the defmgiage to the usage stage.

Although in some way, interoperability between dmtion and estimation tools could be
considered as a particular case of “general ingaiplity”: instead of interoperability among
different domain tools (architectural design, HVA@hting), this would be interoperability
among same domain tools, we pay special attentiothis point because in this case the
typical interchange of data among applications ireguan additional management of the
“uncertainty”.

All the ICT technologies that have been describbethe previous sectiorE(freur ! Source
du renvoi introuvable.) are also strongly related with this topic. Nekieleéss, this topic
involves a new one:

Uncertainty managemeniThe adoption of estimation/simulation tools dgrithe building
design process (and not only at the end of thegsg)amplies that these tools need to manage
the uncertainty that it is inherent to the desigocpss. For example, it is need to simulate
energy performance of the building before the dtdaidefinition of the envelope.
Consequently, the information that is provided hg BIM has to be complemented with
other knowledge sources, as typical building sohgiin this area, main preferences of the
contractor, etc.

Protocols for real time operation data

Building automation, control and management systarassupported by ambient embedded
intelligence in components and spaces (see set}idviost systems in buildings are currently
self contained and not able easily to communicaité wne another. In smart buildings

interoperability of systems, infrastructures angl@ations allows them to share resources
being “aware” about other systems and able to esaces from each other.

The vision is a BEM (Building Energy Management t8gg) with seamlessir{-door’ and
“out-doof’ integration, in such a way that full interopeddli from the level of different
manufacturer's devices to the holistic automatioml &ontrol of various subsystems and
utilities (gas, electricity) SCADAs (Supervisory @oml And Data Acquisition).

The interoperability among sensors, actuators, robninits and users interfaces from
different manufacturers will allow to building dgeers and facility managers to select the
most adequate components, without any dependengpecific manufacturers, and taken
advantage of the synergies among different BACSIildBig Automation and Control
Systems), i.e. security system. Consequently, BEWbE be more affordable (the same
infrastructure is shared to multiple applicatioasy their operation and maintenance during
all building life could be guaranteed.

There are different ICT technologies and concept®ss development will support the
achievement of this vision:
Interoperability will be preservedf embedded systems also in changed conditionaglur
the building life cycle.

Open protocomakes real time data and information from buildimyailable to various
operation & control applications, both for intermabnagement of the building and its
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integration in smartgrids. These open protocolsikhextend from low level protocols to
standardized data models, in such a way that ngtsymtactic (formats) compatibility is
achieved, but also semantic interoperability.

Low energy consumption protocolsinimize data interchange in order to extend the
batteries life.

Wired protocols

All these protocols are characterized by the ndeal ghysical layer, the wire to transmit the
information. However, two main groups of protocoén be identified: those that are require
dedicated lines and those that take advantageveémpines (PLC protocols).

In relation with the first group of protocols (dedied line), the main reference is Ethernet
(based on IEEE 802.3), that support the LANs (Ldwaa Network) which are common in
all office buildings and in some homes. LANs aresdzh on TCP/IP protocol. This point
makes these networks especially relevant from¢hétime and control applications point of
view, because the main control protocols, as KNX d&wonworks, already support IP
implementations.

In relation PLC (Power Line Communications) protiscthe main references are HomePlug
and X10, which use the power line as physical la¥&0 was defined in year 1975 and it was
the first protocol for building automation systems.

Nowadays it is been observed a tendency towar@$edsystems, which are compatible with
LAN and WIFI networks, and it is expected that Pp®tocols remain as “niche” solutions
for very specific uses, as historic buildings.

Wireless protocols

The main characteristic of wireless protocols @t tthata transmission is done through radio
frequency signals, and consequently they makeyeastessible any point in the building.

Two main families of protocols can be identifiedPYWN protocols and WLAN protocols.

WPAN (Wireless Personal Area Network) protocolslare distance communication oriented
protocols, been Bluetooth and ZigBee the main esfegs. Bluetooth is a general purpose
protocol and ZigBee is a fully wireless controlesried protocol, which pay especial attention
to aspects as low energy consumption.

WLAN (Wireless Local Area Network) protocols areetlevolution of the wired LAN to
wireless infrastructures. The main protocol is WH-I protocol (IEEE 802.11), the wireless
Ethernet protocol. The main advantage of this maltas that WIFI networks are very
common in office buildings and homes, althougls not optimized for control applications.

Energy trading protocols

According to the current evolution toward Smartgridifferent initiatives are emerging to
develop the communication protocols that will magessible the interaction between
buildings and ESCO/utilities. The main standarddaatnitiatives in this area are:

IEC 61850 This standard was originally defined for the dasof electrical substation
automation, but some organizations, as EPRI, ar&img in its evolution to support the
integration of buildings in the smartgrid,

DLMS-COSEM It is the common language for Automatic Meter éReg, or more
general - Demand Side Management.
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3.5.4 Knowledge sharing

Access to knowledge

Education, e- & m-learningTools that support and enable continuous learoimgenergy
efficiency solutions and practices within buildingBhese would cover e.g. training in
optimisation of energy usage of building componaht®ugh efficient ICTs. They could
contain basic tutorials, training simulators, oeewvizards to guide through execution of a
certain task.

User awareness toolSyndication tools (e.g. RSS) are used to pushreévant information
to “users” of facilities and provide advice on lettuser” practices for efficient energy
management within buildings.

Community forums:These support people in sharing both good andexpgériences with
different energy efficiency solutions and practicdhey could also serve as breeding
environments for new ideas.

Knowledge management

Organisations (regulatory bodies, designers, cottrs, facilities management, owners, etc.)
and increasingly buildings (including communitief)rough efficient semantic based
knowledge management platforms identify, collecgamise, share, adapt, use, and create
energy efficient solutions and practices. New geoergy efficiency practices are where
possible, translated to tangible programmable m®E®to be automated through ICTs.

Model-based knowledge managemertmpact models explain causal dependencies,
mechanisms and potential impacts of ICT on enefffgiency. Parametric knowledge of
building energy efficiency related attributes isbmtdded and managed through building,
neighborhood, and eventually city information madel

Ambient access technologie&lbiquitous, personalised and context-dependenesscdo
energy efficiency knowledge is necessary and carproeided through ambient access
technologies. These technologies will be basedromtggrated use of ontologies, semantic
web, context aware applications, knowledge prosegsersonal usage patterns, knowledge
agents, etc.

Knowledge platforms:Platforms and services dedicated to energy effigieknowledge
sharing in inter-organisational and inter-commurtywironments. They support knowledge
sharing based on user profiling, and push of adagievant energy efficiency information to
each profile. These should ideally be transparerhé¢ users and be accessible by different
applications and search services.

StandardsUse of or compliance to (where necessary througgrfaces or translators) to
relevant standards) to support better sharing efgnefficiency related information and
interoperability of this information across diffateelevant applications.

Knowledge repositories

Cataloguesintelligent digital catalogues of building prodsistervices. They should contain
substantial product/service information (much mdran simple geometry) in parametric
form. As an example, they could contain guidelifeeghe construction (how to build or how
to use or how to make more energy efficient) ofgheduct. Domain knowledge is available
in reusable form from catalogues including e.g. rgneefficiency related attributes.
Examples: best practices, materials, products anmgponents, suppliers, guidelines.

Template solutiondReusable knowledge templates i.e. object withtdimitonfiguration rules
and constraints. These enable customisation of eprosolutions without re-invention.
Configuration rules allow simulation of differenésign combinations and provide means to
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optimised energy efficient solutions. Template 8ohs can be used to where possible
translate identified good energy efficiency pragsito tangible programmable processes to be
automated through ICTs.

PersonalisationBy means of user profiling the catalogues are ablerovide customised
information regarding both contents and presentgfarmat).

Knowledge mining and semantic search

Semantic knowledge services and toolkiifeta repositories (that will provide definition§ o
and relationships, and mappings between differemdrgy efficiency related information
repositories, knowledge sources and ontologies) sewhantic knowledge services and
toolkits will be able to modify / adjust / enhangger’'s queries so as to retrieve the required
information from the relevant sources (taking iatzount, the implicit context of the query).

Log term data archival

Building life time is in the order of 100 years.chived data may become non-accessible in a
a period like ~10 years due to: lack of devices tam read old storage media, new versions
of the software that was used to create it, orwdiai of the format standard. The vision is
that archived data will be accessible after venglperiods of time. This will be enabled by
BIM standards, general archiving standards andeesv

3.5.5 Virtualisation of built environment

Virtual workspacesSingle global virtual workspace integrates comroaton and all project
and business applications, including those uséukeatonstruction site [66].

Virtualisation is the de-materialisation of physigaocesses through the application of ICT
technology. This allows traditional, high impactamnergy intensive processes to be replaced
by low carbon impact technologies. The virtual aggiment for a physical process utilises far
less energy but still enables people to achievadnee ends [46]

Office optimization

ICT technologies help companies to restructurer tbfice environment so that the use of
available space is optimised, temporarily unusetsgan be divested, and by this the energy
consumption per employee and the total energy eopsan can be reduced by up to 50%.
Possible methods include replacing desktops witebaoks, stationary phones with cordless
substitutes, copy, print and fax facilities withoped, multifunctional devices, etc [47]

Further demonstrable energy reductions are podsibt®mbining the office concept with:
new business concefis.g. e-commerce, e-banking, etc); and
new management conceesg. home-working, tele-working, flexible workitngurs, and
mobile-working).

We envisage that future energy demands and usdfshape how our office spaces are
better designed and utilised. Below are some piedlidevelopments which ICT could play a
role:

Virtual Personalised Desk - Interactive touch interfaces powered with fudtwork
capabilities that link every employee to his/herkitng environment, without a need for a
monitor and desktop PC, while personalising thd lobtheir own desk space. This helps
to save energy and consume lesser space in ar effidronment.

Energy Harvesting — Use of ICT to provide potential capabilities fumctions such as
wireless connectivity, processing, actuating, etcenergy harvesting and storage and/or
building up self-powered devices in an office eamment.
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Server virtualisation technology

Server Virtualisation is seen as an effective tetdgy for consolidation because the separate
operations and applications of a number of sergansbe handled by a single server without
losing functionality. Therefore it has created oppoities for enterprises in reducing costs

(and overheads), ensuring business continuity, easing asset utilisation, enhancing

infrastructure flexibility, etc. Strategically, i an IT catalyst for shaping buildings of the

future, in terms of how IT should be procured, econmed and managed, and this could even
change how business innovate and grow.

Traditionally, server virtualisation has been amigicus for large businesses. We envisage
that more uptakes would be seen from smaller baseaseas well over the coming years.

Server virtualisation could create a future pathetoerging computing concepts such as
‘Cloud Computing’. Building products that are sneartlesigned, enabled by a transition to
cloud computing, are linked to offer “green” (oreegy efficiency) benefits to buildings,
infrastructure and policy-making [94].
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4 Conclusions

This report is the first one in a series of REEB ANé&eliverables: Vision, Roadmap,
Implementation recommendations and a Book summariil results. It aims to address the
needs of numerous stakeholders throughout theeehtirlding life cycle, covering both
specific end-applications and integration of vasi@pplications, systems and technologies.
Consequently 5 high level priority areas for RTE atentified:

Integrated design and production management
Intelligent and integrated control

User awareness and decision support

Energy management & trading

Integration technologies

The next report of REEB WP4, the “Roadmap”, wilbpose specific RTD challenges |in
these areas in short, medium and long term. Fdr ®aain RTD category” the following wil

be presented:

Key research topics:Short description of the main RTD topic(s) in thetegory. Thes
will be broken down into more detail level as shogdium-long term “technology step
in the roadmap below.

Vision: Description of target future technology and ite (simmary based on this report
with possible updates)

Drivers: Description of a market or policy trend that gextes the need for new
technologies and motivates RTD. Drivers are extdawors that are not affected by this
RTD roadmap.

Barriers: Description of a constraint that limits or prewenthe development or
exploitation of new technologies.

Impacts: Expected benefits and/or opportunities to key stalders (in ICT ang
construction) from using the results of the propioRa@D.

Scenarios: Description of exemplary possible future situationbere some of the
anticipated new technologies will be in use. Rébethe key stakeholders, their roles, tools
and benefits to them. The scenarios could be basedhe “generic best practices”
describing a similar situation using the envisafygdre technologies.

Roadmap: Anticipated RTD steps in the key research areashort, medium and lon
term. This will be presented as a graphical diagoain an equivalent tabular form.

Explanation of all items in the roadmap.

D

u)u

Q

A key finding so far is: While there is an emergicmnsensus about the key RTD issues in
ICT enabled energy efficiency of buildings, thegudtal impact of various technologies is not
sufficiently well known. Thereby it is difficult t@ssess the relative importance of specific
technologies, applications and systems. It is rssggsto develop a more holistic
understanding of the potential effects of ICT oa émergy efficiency of buildings.
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Appendix: Related activities

The appendix was prepared in the early stage ofBRBEP4 as background information about
relevant related activities for developing the Wisiand the Roadmap. Only minor updates
have been done during the preparation of WP4 delbles.
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