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Abstract. The paper reports on a project in progress, aimed at providing a comprehensive knowledge building,
sharing, management, decision support, simulation and control platform for the energy management of public
buildings. The targeted application range of the three-year VERYSchool project are public schools that share
characteristics which make them a clearly defined application segment. The paper outlines the solution concept,
the commercially available components to be integrated and the selected application pilots of the project.

1 INTRODUCTION

As sustainability has become an issue of pivotalceon for society, solutions for energy efficiency—
including retrofitting of “legacy” facilities and ppliances—are being considered and introduced raock
mord>®. Also, rapidly rising costs of energy and natueslources are making efficiency more than a “matter
principle”, for the public sector, private entegas and consumers alike.

Today’s changing energy management presents batbenots and opportunities. Observing present-day
energy consumption practices with more scrutinydshigght on potential sources of concerns, botlamgigg
the—often inadequate—efficiency of utilization, artHe rising amounts of energy consufidd The
introduction of more sophisticated energy managénsshemes, however, reveals just as many new
opportunities for improveméefit with the rapid development of information and coumication technologies
(ICT), new solutions become feasible—both technigkdly and economically—in the form of better desand
energy control schemes, as well as more comprafensilection, processing and sharing of data, kedge
and best-practice experiefiéeThe last decades have witnessed advances inyereated technologies as well,
such as new materials and renewable energy teajieslbecoming ripe for commercial {fsé

However, despite all pressure and efforts, botmfgmvernance and the industry, technological acssdo
not yet sufficiently penetrate the market, or lepogential users with inadequate strategic oriesnt8t Barriers
include knowledge on what technologies to selebgtvenergy conservation measures to pursue firdthaw to
implement these choices in a systematic way (Bay, to create aenergy management program). While the
progress in research and technologies acceleqaegle who are in charge of taking decisions andtimg
energy efficiency targets are gradually left behidme examples of this are readily apparent:

* Options are overwhelming: there are literally tremdgs of ICT solutions in the market, and decision
makers or even implementers of energy managemémmss do not have the expertise, time, or
resources to digest this rapidly evolving environtne

e Guidelines for energy audits and the implementatbrenergy efficiency directives are not yet fully
standardised and harmonised across different Igvetgonal/national/European). This process is also
hampered by the unbalanced availability of prelamies, with certain assessment tools and guidelines
being already available but data still being scame targets remaining unclear.
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« Customisation is needed: the best available stdsdand regulations were conceived for large-scale
industry (e.g., multi-million euro investments). r§ated solutions that address specific stakeholders
using the methodology of these codes are neededarigagions need to know specifically how it applies
to them and this must be made readily understaad#blthose merely using already elaborated
technologies.

e The need is misunderstood: technology providemnofiverestimate the level of expertise of users and
the depth to which they are able to comprehendnaambally fine-tune their energy solutions. To use t
analogy of an automobile, most organisations sinmglgd a “baseline navigator” to get where they are
going.

* Timing is misunderstood: the success of a comphexgy efficiency scheme, especially in facilitie®d
by many individuals, depends very much on the htsignd willingness of everyone involved in
implementing the scheme and making it work. Abraptl forced introduction of measures does not
facilitate the development of an “energy efficieraylture” where consistent action of all individsial
concerned is led by routine and insight that needse established incrementally. Similarly, thereray
of energy savings can only be recognised via inergat measures, with sufficient flexibility to be
exercised until savings start to pay for investreent

e The business model is misunderstood: energy effigicschemes are too complex and long-term to be
dealt with in the usual “one-shot” ways of direates and consulting. In fact, many measures can onl
work if local characteristics are addressed—oftéh @& healthy portion of outside-of-the-box thingg#a
and a long-term relationship between user and tdoby provider can develop, leaving enough space
for adaptation and fine-tuning of all parties inved.

Clearly, there is a definite need for solutionglgimg gaps in technology and problem awarenessegisas
availability of support and incremental developrifenivhile a solution framework aiming to bridge thegms
in a generic way may be too ambitious, it can bealistic undertaking if a specific application semt is
addressed.

The paper introduces one of such segment-spedfiict® the EU FP7-financed project VERYSchool
(Valuable Energy for a Smart School), targeting shpport of energy efficiency in the applicatiogmsent of
public schools. While many criteria of energy masragnt show considerable variation from region tpag**®,
certain characteristics of survey, assessment aoididn processes, as well as implementation, sigi@n and
control are shared by the application area acrassde. This suggests the feasibility of an assessm&anning
and control tool that could be deployed in publehaols is various regions of Europe, integratingesal
components and solutions that have already exsstiedby-side.

Being a work-in-progress report, the paper is oggah as follows. First, the concept of VERYSchol i
presented, stating the working assumptions andrébegnised fundamental requirements and prelin@sari
leading up to th& ERYSchool Navigator framework. Next, the architectural design of thetfprm is presented,
specifying what is already available as a tried-praen commercial solution and what added valudisbhe
offered with the integration. Finally, applicatipiiots will be addressed briefly.

2 PROBLEM STATEMENT AND SOLUTION CONCEPT

While their energy parameters may largely differdigtail, schools still form a specific segment obijic
buildings and share a number of key characterigtias makes it possible to tailor an energy manage¢rand
decision support platform to this segment’s neddisst public schools across Europe are alike oromasly
comparable in the following characteristés™:

e Patterns of building utilisation (daily, seasonaiedules, etc.);
« Dimensions of comparable facilities;
« Requirements regarding temperature, air flow agiatilng (including natural and artificial light).

In addition, public schools are typically embeddadlarger financing and management structures,(e.g.
districts) that makes certain patterns in localefagional) and long-term (strategic) measures [ltefa in any
complex hierarchy of survey, decision, planning anglementation with a multitude of actors involvgsge also
Figure 1), it is not uncommon that intended improeats do not perfectly materialise due to limited
communication between organisational units or el hierarchy. It should also be pointed out tha¢rgy
management is only one of numerous aspects decisiders have to deal with, hence they rarely hapsou
date technical expertise at hand.

The goal of VERYSchool is the elaboration of enemgnagement roadmaps for the targeted sectorhand t
integration of up-to-date knowledge and existimgnmercially available technologies into a comprehen|CT
support framework that can improve assessmentsidecand communication processes in energy manageme
The pivotal output of the project will be th&RYSchool Navigator (see also Figure 2), a framework bringing
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up-to-date and applicable knowledge to users comecgrand providing a uniform web-based interface
integrating the tools needed for planning and iiyalisting energy management. THERYSchool Navigator

will be customised for users and stakeholders g@dtinrschools and it will provide the necessaryrinsients to
establish, implement and maintain an Energy ManagerRrogramme (EMP) or Energy Management System
(EnMS), both at territorial and building levels, kiray effective policy planning and building opeaati As part

of that EMP energy-saving-oriented actions andgnreaving-related contents will be managed systealbt to
Closure {.e.,ldentified, Prioritised, and included in an Actiptan, Assigned, Target dates set, and method of
verification of energy savings detailed) using #ieRYSchool Navigator..
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* |dentification of needs * Green design and retrofit concepts
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 Technology Selection Public  Carbon assessment
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e Linking smart metering and control * Assessing with IPMVP
e Leveraging simulation  Energy indicator benchmarking
* Taking action (manual and automated) Students Managers * Improvement through feedback
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Figure 1. Components and actors in#i#RYSchool Navigator concept
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Figure 2. Decision structures and components irafipication of th&/ERYSchool Navigator
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3 ARCHITECTURAL DESIGN

While vital components of energy management systéange existed side-by-side, the VERYSchool
Navigator adds value by:

« Integration of existing solution elements into @e@sistent system (and thus providing the ovendad
transparency needed for comprehensive action);
* Addition of a knowledge base and networking of pyasly disjoint application sites.

The VERYSchool Navigator consists components ofvipiesly existing tried-and-proven are solutions
commercially offered by their respective develop&sart metering and Building Energy Managementedys
(BEMS) components are supplied by the Italian SPIBKI (SCE Group): these devices form the immediate
periphery executing energy-related automation nreasand are considered a low-level (closed) coltap in
the context of the VERYSchool Navigator (see FigBje DOKI technology realizes an innovative Climate
Control and Building Management System (CCBMS) giesil to respond to the need of controlling the new
generation of Climate Control Systems inspired dgireg energy while providing more comfort to thesius
without his direct intervention. Thanks to a numbémpre-programmed scenarios the user can imple@wfit
control scenarios to optimize the energy consumptioring the different part of the day/week. WHEMS
components can be operated locally, further adgestare expected by allowing secure remote acgesiseb
VERYSchool Navigator (e.g., collection of a larggphcation data corpus for analysis, or consisyepthnned
action at several locations).

Enerit Ltd. of Ireland, provides the world’'s first comprehersSystematic Energy Management (SEM)
software which guides Energy Managers, Decision éfgkand staff alike towards best practice SEM.eOnc
users have fully established, implemented and maietd an EnMS they can apply for ISO 50001 cediifon.
Unlike SCADA, the Enerit software collates all EnNt8ormation (energy policy, audits, data, oppoities,
ideas, processes, documents, records) into one fdacreate systematic action plans that get aeusts team
working together to drive down energy costs. Therisoftware helps to manage a wide range of gneigted
information and handles several user perspectaitwdd to the needs and typical tasks of variaes groups.
Use of the software typically saves 10—-20% of epeast through low-cost or no-cost actions. Engwitware
allows further adaptation to application needshié targeted sector is clearly defined—with VERYSitho
focusing specifically on public school buildingsistreserve of targeted refinement will be fullypkited.

The <VE> (Virtual Environment) performance analysiftware suite offered by the UK-based SMES
(Integrated Environmental Solutions), allows architects and engineers to facilitateuatainable design process.
Building mass and form, the climate, natural reseuavailability, occupancy, materials and serviges taken
into account to “virtually” test the feasibility afifferent energy saving strategies and low-canmm@wable
technologies. It also assists in showing regulatidifED, BREEAM and Green Star compliance, and pcody
UK Energy Performance Certificates. In the VERYSuhproject, <VE> will be used for environmental
simulation of several application pilot sites asr&sirope.

The key added value in the VERYSchool Navigator is attributed to the networking, i.e., the transparent
combination of these mature technological solutions in a way that allows knowledge to be gathered and
deployed in a wider range than it is practiced currently. With the help of the VERY School Navigator, conesigt
actions can be taken in several schools acrossgarlarea or organisation, and information can lmeem
efficiently tailored to the specific needs of pemsel in different positions. Moreover, increasezhiparency is
expected to bridge communication gaps that werea wonsiderable degree, inherent to the organisatio
structure of present-day school management. Muctheointegration of existing components into orzrfework
(see Figure 3 for an architectural outline and Féglifor a GUI snapshot) is carried out by the R&msortium
member MTA SZTAKI (Institute for Computer ScienagdaControl of the Hungarian Academy of Sciencesl) an
the industrial partner Enerit, while some spedcifttaptation steps of existing components will bdquared by
the commercial providers of the respective techgiek

It is important to emphasize that integration alaenly one part of the added values of the VERYd8¢t
Navigator—in fact, the solution is only completettwihe adequate population of the knowledge bask wi
energy optimisation scenarios that are to be edbdrduring the project, relying on findings ga#tefrom
application pilots conducted at schools in varioegions of Europe. This will result in an extensibl
“optimisation scenario playbook” comprising aroun@l optimisation scenarios that have been elaborated
actually tested at the pilot locations. Scenarid eover measures and expected effects on diffelevels,
ranging from no-cost actions that can be put ir@fimmediately, to long-term improvements thatchieedepth
analysis and assessment of feasible options.
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Figure 3. Architecture outline of thdERYSchool Navigator and its application environment
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Figure 4. User interface of th&eRYSchool Navigator unifying several commercially offered components
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4 APPLICATION PILOTS AND FURTHER DEPLOYMENT

Started in late 2011, the EU FP7-funded project YEBhool spans three years of development and pilot
evaluation. Unlike many other projects, VERYSchoglies heavily on processing and evaluating expeee
gained already with the application pilots, in @&diining by doing” manner. Being a development-deién
project, work on establishing technical conditidos integration and scenario development startghbtraway,
allowing an early and gradual ramp-up of activitasfour selected pilot locations. Field work bedarthe
second half of the first project year with surveigdpwed by installation of required equipmenttbg middle of
the second project year. Being in its last year fioject now focuses on validation of the impletedrsolutions
and the consolidation of scenarios with the findiggthered in field tests.

However, application pilots at selected sites aetime only target of the project—extensibilitytb results
to school buildings in general is an important ddasation. In order to achieve the latter, a fouepsplan of
ensuring replicability is pursued. The first stepat wider deployment is to build a customised $wtufor a
client base where it adds value. VERY School ensures this by selecting and devafppustomised solutions that
address the unique needs of and for the entireevaiain of schools (e.qg. city councils, public ngeTs, energy
managers, technicians, maintenance workers, gkalvaice, students and teachers).

The second step is tfer competitive products. VERY School is integrating cutting edge technodsgihat
include Enerit's Systematic Energy Management ptaif IES’s simulation suite that ties into CAD a@dogle
SketchUp, and DOKI smart meters and BMS systemsctwhiffer customised scenarios for building
management. With such preliminaries, as well as gh@ven integration expertise at the disposal & th
consortium, VERYSchool can realistically manags giep.

The third step to ensure wider exploitation is ¢égppepared, organised, andidaeked by a consistent plan. It
has been a deliberate choice to structure the VEERY@E project as essentially a living replicatidam The
Energy Navigator and work program is designed togoa targeted audience with unique needs to #id &f
ICT for energy efficient solutions. Moreover, th&RY School project also explicitly develops replioatplans,
with participating users receiving customised suppo

The fourth and final step detailed here in achiguanwider deployment and use iskwild and maintain
networks. VERYSchool benefits from prominent and establish@ofessionals and organisations that are
sufficiently powerful and acknowledged in theirlfieand provide a growing network with a solid teiclahand
business foundation, but are at the same time smnallagile enough to enable timely take-up and kbep
network fit for adaptation to changing conditions.

5 CONCLUSIONS

The paper presented the EU FP7-funded project VEHR¥& which aims to develop a platform for the
energy assessment and energy management of pahbolsbuildings. While the current situation of eme
efficiency in European public buildings exhibitspgabetween available technologies and exploitedriats,
these can be bridged by the focused applicaticexsting ICT technologies. The VERY School Navigatte
main output of the project, builds upon this redtgn and integrates commercially offered, compsdit
components with a unified user interface. In additto facilitating transparency and connectivityhitherto
disjoint components and application sites, the VERNool Navigator adds more value by gathering and
presenting knowledge tailored to the specific nesfdactors in the targeted application field. Emsgidasting
application of the project outputs is a key fadtmrthe project's usefulness. To this end, a foapgplan is
prepared to keep the VERYSchool Navigator flexitbeadapt to varying needs, and replicable to enable
sustainable market penetration. The project is imoits final year, and crucial results of field teare expected
in the coming months.
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