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Special Issue Forward

Innovative business models and renewable enexanologies nowadays suffer from
hindered market uptake in the construction and manufacturing sectors, which have
intrinsic negative impact on society, economy, and the environment. Meanwhile, the
impact of adding novel products & services to the progadifolio of construction and
manufacturing companies has been shown to increase profitability by up to 5.3% and
employment by up to 30% [CEPII, 2015].

SUSTAINABLE

PLACES The Sustainable Places (SP) series of annual conferences brings together scientists,
researchers, and gineers, from research institutes and the industry, around one of the
June 29-July 1, 2016 greatest challenge that our societies have ever faced: ensurirgtongnvironmental

Anglet, F il i ifvi i [
noet france sustainability of evegrowing, densifying urban areas, in a resowreastrained world.

Sustainale Places 2016 (SP2016) scope was centered specifmaltiie topics of sustainable buildings, districts, and
communities. There was an extra focus on the entrepreneurial aspects of bringing new solutions to markets, and bribhging marke
actors directly tahose solutions.

SP2016 successfully fostered the scientific valorization of Eurefugalied research projects and commercialization of
innovative technological products and services towards sustainable built environments ayghestion entreprenenip.
Networking was integral to the conference objectives, resulting in stakeholder being informed of relevanteadyket
solutions available for investments.

SP2016 was an official Energy Day of the EU Sustainable Energy Week. It was held in Argles, ffom 29 Junei 15t July

2016, and was hosted at University of Pau and Pays de 1|0
well as the 12 accepted Entrepreneurial and Sustainability Issues (ESI) journal articles, there were also 10 them&t session
special interest group meetings, 6 scientific posters, 10 keynote speeches including a welcome from the Mayor-of Anglet
Claude Olive, and 4 pilot site visits offering live demonstrations of simulation tools, ee#iggnt buildings (EeB), and an
ecodistrict in Bayonne, France.

The objective of the (ESI) special issue from SP2016 was to help advance titd-giatart of EeB & Smart Grids through
research contributions, tutorials, and position papers that address the broad challenges fagsdsiarahplocessing of grid
connected EeB with high penetration of renewables deployed. 12 originalepeaved papers describe completed and
unpublished work that are not currently under review or published by any other journal/magazine/confereicd#fmc

They represent 10 European projects, a University in Italy, and a technology institute in Luxembourg. We appreciate the
collaboration, enabling the dissemination of scientific results.

A warm thank you to goes to the RESILIENT and PERFORMEd#epts, Nobatek, and UPPA, and especially to the 150
guests who contributed to the success of SP2016 and the ESI publication

Sylvain Robert
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The Entrepreneurship and Sustainability IssuéSSN 23450282 (online)is a peerreviewed journal, which
publishes original research papers and case studies. It is international journal published cooperating with
universities, social companies, consultancies and associations indicated on the cover of then@l. It is
published quarterly.

Areas of research include, but are not limited to, the following

Conceptual/practical approaches and methodologies towards sustainable entrepreneurship
Globalization, internationalization and solutions for low-carbon economies of scope or scale
Innovations and Technology Transfer pilot results advancing entrepreneurship and sustainability

Information Technologies (IT) and Information Communication Technologies (ICT) for Entrepreneurship,
Sustainability, and SocieEconamic Innovations

Environmental engineering for sustainability and entrepreneurial applications/ventures
Smart Electricity Grid Solutions for Sustainable Entrepreneurship

Implementation of Renewable Energies (e.g. harvesting, storage, hew technologies beiegloyed/developed, innovative
market or business model paradigms, etc.)

Emerging business drivers, opportunities, or constraints in future sectors of current markets
Retrofitting techniques and technologies nearero energy demand buildings

Urban planning and advanced construction materials for energefficiency or smart cities
Modern economics in the context of security, comfort, or legislation

PPPs for developments in sustainable entrepreneurship, finance, and investments
Accounting and Entrepreneurshiplssues

Sustainable Entrepreneurship in the context of management or liflong learning
Strategic Management Practices and Creative Marketing Techniques for Sustainability
Organizational Studies and Sustainable Entrepreneurship

Entrepreneurship in the context of Marketing, ICT, and creative industries

Intercultural Communication for Sustainable Entrepreneurship

Institutions and Entrepreneurship

Case Studies on Entrepreneurship and Sustainable Development

Social Cohesion and Social Innovation and Soci&ntrepreneurship

Business Models and Strategic Management for Sustainable Futures

Corporate Social Responsibility and Sustainable Development

Entrepreneurship in the context of Psychology, Education, or Women

Intuitions about Contemporary Phenomena inBusiness and Society

Start-Ups, SpinOffs, SMEs, especially in the context of market growth and exi
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SEMANTIC LABELS !
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Abstract. When designing buildings, it is a challenge to take into account Energy Efficiency in the early design stage. Thislig especia
difficult for hospital designs, because these buildings comprise diiagent room types and functions. This greatly increases the number

of design directions available. Choices made early on in the design process have a large impact on the final perfonednuieingt
However, the lack of detailing available in gadksigns makes it hard to evaluate them in terms of Key Performance Indicators. The Semantic
Labels developed as part of the STREAMER project provide a way to address this problem, by allowing structured capmsbf the
relevant aspects of the PrograhRequirements. Using this method, design rules can be applied to early building designs to detect and
correct inconsistencies or suboptimal solutions. Also, using default values for label values, an early design can elraladyeeusing
simulationtools. The Semantic labels describe standard values for Construction (floor height and strength, accessibility), Hydfeora clas
public spaces to operational theatres), Equipment (electric power requirements, safety), User profile (when theadp@asnisrt class

(like daylight) and Access security (who can enter). Design rules may express conditions like the preferred spatial bepegaticrooms,

or whether rooms should be placed at outer walls, but may also highlight incompatibilitigsaocess requirements and user profiles.

The Early Design Configurator, also under development as part of the STREAMER project, uses the Semanticallabetsitomatic
conversion of a Programme of Requirements, into an initial Building Informatiateling (BIM) design proposal that respects the design
rules.

'This research was supported by the STREAMER proj®ct,
Framework Programme under grant agreement No 608739.

The article reflects the views only of the authors, and the Commission cannot be hahdibdsgor any use which may be
made of the information contained therein. The information in this document is provided as is and no guarantee or warranty
is given that the information is fit for any particular purpose. The user thereof uses the infaratatfsole risk and liability
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Referenceto this paper should be made as follogaversari, A.A.L, Den Hoed, M, Di Giulio, .R& Bomhof, F.W., 2016, Towards
sustainability through energy efficient buildings design: semantic lali&igrepreneurship and Sustainability 1ss4g8): 243
256.http://dx.doi.org/10.9770/jesi.2016.4.3S(1)
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1. Introduction

Innovative solutions for sustainability is an area of scientific interest, which will maintain its urgency for the nearest
decade, at least (elBezk et al. 201651 me | y P046; Strielkowski.etal. 201& a z mi ni en J. Emergyal . 2
efficiency in the built environment is an important part of this.

Designing complex buildings involves the integration of many stakeholder group perspectives, and requires
optimization against a large number of Key Performance Indicators (KPIs). This is espaggaftyr hospitals,

where functions that include a wide range of different requirements have to be integrated into a single design
solution. Energy efficiency is an important requirement: hospitals use on average 2.5 times more energy per square
meter of goss floor area than a typical office building. This is due to the high rate of ventilation required as well as
the roundthe-clock nature of many healthcare processes (Health Building Nei®,08013). Quality is another
important area where designs haweneet or exceed KPIs. This group of KPIs generally includes requirements on

the salutogenic performance of the built environment (Evidence Based Healthcare Design, or Healing Environment
(Fotler et al. 2000), as well as operational quality requiremariesms of logistics and safety. A third group of

KPIs relates to construction and operational costs.

Design decisions influence the values attained for these KPIs. It is generally recognised that decisions with the
greatest impact on eventual buildimgrformance are taken in early phases of the design process (Guruz et al, 2014).

In later design stages, design freedoms are increasingly constrained and it becomes more and more difficult to
change key aspects of the design. It is therefore importhneto abl e t o assess the buil
in terms of KPIs as soon as possible, and to be able to compare different design alternatives in those terms.

Where the configuration of rooms in a building influences its overall KPI performandeeghobuilding typology

and building envelope technology impact on energy efficiency. Requirements for new build or refurbishment
projects typically contain: the number of treatement rooms, offices, hotel rooms etcetera is however often specified
in theearly design. The starting point for creating early designs is generally a specification of the number of different
types of rooms required, in the form of a Programme of Requirements. However, this type of document generally
includes very limited perfornmece data at room level.

A major problem in early design generation and assessment is that names assigned to spatial elements during th
initial phase of a design, do not define either the properties or the performance values for that spatial element.
Another problem is that creating different designs and comparing them in terms of energy efficiency, quality, and
cost is very labountensive.

In this paper, we introduce a method that facilitates the generation and evaluation of different desitjnestierna

early stages. The work is based on the results of the FP7 STREAMER project, EU Grant 608739. The STREAMER
project addresses the design of eneafiicient healthcare districts, addressing the design stage, especially the early
design, where decisns are made with respect to topology and system choices, that have large effects on the
resulting building performance. The approach in the project is to create different design alternatives that can be
evaluated on the basis of KPIs for energy performaoast and quality.
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The names assigned to spatial elements (rooms) provide only very cursory information about the function of that
spatial element (room) and the allowed or possible values for its properties. This can vary from country to country
and een from region to region. Historical development of healthcare and hospitals, climate differences and
differences in legislation all contribute to this. However, to use an automated early design process and to perform
an evaluation, at least (some) projsrof spatial elements, construction elements and systems need to have values
assigned.

The proposed approach makes use of semantic labels. The basic idea is to assign labels to the room names c
functions. These labels provide structured informatiothertypes of properties and performance value associated

with that room. Thus, allocation of allowed or default value ranges for properties can be done in an easy and
structured way during the early design stage. Default values can be replaced witketaited dnformation as and

when this becomes available during the design process, gradually enriching the design and allowing for more precise
assessments of various KPlIs. If the semantic labels of a spatial element in the design are known, thégraddes ass

to its properties can easily be checked for compliance with the range of allowed values associated with this semantic
label. Additionally, the semantic labels enable the definition of design rules that can be created to make tacit
knowledge of variosi stakeholders (designers, users) explicit.

2. Earlier work

Performance expectations for healthcare buildings are changing rapidly. The development of new technologies
often results in the need for new room types. Hybrid operating theatres are a case in point. Here, new imaging
techniques have led to the developimehnew types of surgical procedure, predominantly minimally invasive
techniques. These techniques lead to improved treatment outcomes, but also place new requirements on operatin
theatre equipment, which in turn lead to new demands on spatial and#tcionfiguration. This example shows

that it is virtually impossible to develop a functional and technical room definition on the basis of its name only.

Previous work has been done in the field on definition and classification of room names inal bettipig. These

studies have, however, been limited to one country each (e.g. Sweden, Great Britain (Health BuildingLlRpte 00
2013), and have tended to focus on developing definitions for the room names themselves. They have not addresse
the functimal requirements of a specific room type.

Several room classification systems are available (e.g. OmniClass (Likhitruangsilp et al. 2014, Abdirad et al. 2015,
Knopp-Trendafilova et al. 2009) and UniClass-(Braby et al. 2005, Maradza et al. 2014, Dael et al. 2006)). These
classification systemisave been mainly developed for the benefit of the construction industry. They are useful for
many purposes, from organizing project library materials, product literature, and project information, to providing
classification structures for electronic datsds The classification systems are rich in product level, and are a way

of standardising available information. It is possible to define spaces or rooms using the structure these systems
provide. The OnmiClass system defined a number of spaces in lodddaever, spaces and rooms need to be
defined on the basis of room type (room name) and the classification systems do not allow for standardisation for
all hospitals in all countries.

Besides classification systems focused on products, systemssaravailable that manage and facilitate the
development of a programme of requirements at room level. Briefbuilder (Van Ree et al. 2006) and dRofus (dRofus)
are examples of such systems. These systems support key activities in the design phase ciuepraggaianning

and mapping of spaces and functions, as well as registration and verification of the requirements for each space.

These systems also support data exchange through the IFC (Industry Foundation Classes) standard, and provide
databases ih predefined rooms. These pdefined rooms can be adapted for a specific (hospital) project.
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However, to do so accurately a lot of detailed information is needed that is generally not yet available in the early
design phase.

The Netherlands Board fdHealtcare Institutions developed the-csdled layers approach to hospital design
(Netherlands Board for Healthcare Institutions, 2007). This approach was mainly focused on reducing the
investment and operational cost of a hospital. The approach afideattions to four different spatial environment
typol ogies based on their functional and technical
hot floor environment, 2) hotel environment, 3) office environment and 4) industrypemént.. Important drivers

in applying the layers approach are simplification of the design challenge, reduction of investment and operational
costs, and improvement of use flexibility.

In its strictest typological application, each layer constituteparage building block with functional and technical
specifications optimized for that layer (e.g. ceiling height, build quality, type of HVAC equipment, operatining
hours and the expected life span of the building block). Nowadays, many architects ethbdadds use this
approach to cluster functions based on their building characteristics. In practical application assignment of functions
to layers is done more pragmatically, taking into account logistical and medical operational requirements as well as
typology. This approach is very suitable for defining the functional areas and departments, but has limitations for
application to room level design specifications. Any room may have a different set of specifications according to
the typological environnre within which it is situated.

Based on the survey of earlier work outlined above, we concluded that there is no consistent system available to
define rooms based on the requirements in a hospital setting that could be used during an automatedrearly desi
process. We also concluded that the OmniClass and UniClass system, Briefbuilder and dRofus are too detailed anc
the layer approach too generic for use during the early design phase.

3. Semantic labels

Once the strategic decision to build or rebuiltdaspital or part thereof, the initial input for a design process
generally consists of an estimate of the specific floor area required, based on the expected volume of activities. For
the latter, some higlevel estimate is usually employed, based orettpcted annual number of patients, the size

of the catchment area, or another production related figure. At this very early stage, the number of different rooms
and their sizes are not defined clearly. Only the logistical relations with the other ghedogpital are specified.

In the subsequent phase, room types and numbers, are defined without, however, information being specified on
the properties needed for the rooms. The resulting initial layout may be inefficient, because a number of aspects
contributing to a balanced design decisiosuch as energy considerationare as yet unspecified. Pushing the
design process forward on the basis of spatial relationsip requirements alone, often causes problems during the mor
detailed design when it tramises that these spatial relationship driven design choices negatively affect other
(technical) properties.

The use of semantic labels can be a valuable tool in the early design phase, allowing designers to assign additiona
properties and values to satelements (room) with a view to developing a proposed clustering of spatial elements
(rooms) on the basis of a more balanced set of performance requirements. Thus, for instance, functions could be
clustered on the basis of their energy consumption aathtipnal hours as well as on their spatial relationship
requirements.

Additionally, the semantic labels can help evaluation of early designs. The labels provide allowable value ranges

for properties against which early designs can be checked. Thisastée cepeated for each newly created design
in any design phase to verify if designs are still valid and continue to comply with the fundamental requirements.
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Thus, semantic labels are both helpful during the early design stage and continue to lae tisefuésign process
progesses, as more properties and/or requirements can be added to the properties of a spatial elements (rooms
and/or default values and requirements defined in the semantic labels can be overwritten as more accurate or detaile
information becomes available.

A central concept used in the STREAMER project is the healthcare district (HD). A HD describes the specific area
where a hospital is (or wild.l be) |l ocated, tthrkthisng ac
area. A HD provides the opportunity for a hospital to align its energy needs and consumption patterns with those of
the surrounding area, for instance capitalizing on temporary peaks and troughs in energy demand. This helps create
more energy eifient and sustainable healthcare districts. When considered in its full extent, the concept of semantic
labels addresses all the elements that define a healthcare district (HD) at its various levels. It must be noted that
although the labels convey semast(on the expected use or requirement), the labels are not stored in an ontology
structure.

Taking into account the spatial and functional organization of healthcare districts and the possible configurations

of existing typologies, four different lelgecan be defined (De Hoogh et al. 2014):

a. District level. A district consists of several buildings. This level can be further partitioned or organized,
depending on its administrative, functional or technical characteristics. Accordingly, the struetl#P atin
include: compounds, centres, departments, etc.Application of semantic labels at this level is indirect only, that
is by inference of the consequences at district levels of the application of labels at lower levels.

b. Building level. Properties anehergyrelated features of the buildings may be related to their typological and
technical characteristics, to their functions or to their shape. At building level, the applicable labels include
different scales on which the building can be scored. Atdlied, the semantic model includes only one object:
the building.

c. Functional area level. A functional area is a group of spaces exhibiting strong interdependencies between
functions and spaces (wards, operating theatre blocks, etc.). A functional adveackzssified considering both
its functional and technical properties and characteristics, including the eatatpd features of the latter.

d. Room level. Rooms are the lowest level spatial entity that can be identified by specific functions atiéproper
(e.g. operating rooms, patient rooms, nurse offices, etc.). Spaces can be classified considering both their
functional and their technical properties and characteristics, including their eataigpd features.

For the building level, functional aas level and room level, the set of labels that can be applied depends on the
consistency between the nature of the labels and the specific characteristics of the objects. For example an operatin
theatre belongs to the hot floor functional area. It mesbralingly be situated in a building that complies with these
requirementgsee Tabel 2). This implies, high levels of cleanliness (e.g. hygiene meaurures and wipable surfaces),
controlled access for staff, patients and visitors and a high performankcim lerens of specific equipment. Since

special air treatment equipment (HVAC) needs to be in place, specific requirements in terms of ceiling height apply.
These requirements affect not only on the design of the room itself but also of the functioraldaesan the

building in which it will be located.

Al t hough the semantic | abels at space unitods | evel
applied to functional areas. The philosophy behind the application of semantic $albelstical at both levels. If

no independent information regarding properties at the functional areas levels (office, hot floor, industry, hotel
(Netherlands Board for Heathcare Institutions 2007)) is available, the semantic labels for the space beits ca
used to infer these in the early design stage.
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Table 1.Streamer labels.

Streamer labels Description Label categories
Hygienic Class Level of cleanliness of the room e.qg. toilet, offig H1i H5
treatment room, operating theatre.
Access andecurity How the access of the room is controlled e.g Ali A5
publicly accessible, only accessible for medic
staff.
User Profile Period of the day the room will be used e.g. m uli U4
Fr from 8:00i 18:00, 24 *7
Equipment Level of electric powereeded e.g. level of an EQ1i EQ6
office, Special equipment and requirements
regarding safety
Comfort Class Level of comfort in the room e.g. level of a CT1-CT8
corridor, level of a patient room
Construction Typology of the construction ea. flobeight, C1li C6
floor strength

Source:FP7 STREAMER project

The label categories specify parameters in three areas: 1) parameters required for the early design configurator, 2
parameters for the selection of a Mechanical, Electrical and Plumbing (8&m and 3) parameters for the
selection of an Energy efficient Building (EeB) solution.

Table 2. Streamer labels for different layers.

Layer Description Streamer label categories
Hot floor Accommodates the higtech, capital intensive H4, A5, U4, EQ4, CT7, C3
functionsthat are specific for hospitals e.g. operatin

theatres, isolation rooms, emergency

Hotel Comprises all functions for accommodation of patie| H3, A2, U4, EQ3, CT4, C1
e.g. patient rooms, general nursing, day nursing,
Office Accommodates the office facilities e.g. staff H2, A4, U1, EQ2, CT3, C1
accommodation, accounting and management
Industry | Accommodates all medical supporting and facilitatiy H5, A5, U3, EQ6CT6, C4
functions e.g. production pharmacy, laboratories,
imaging centre

Source:FP7STREAMER project

Not all information explicit in the semantic labels and label levels at room (object) level is explicitly stated, but a
lot of information can be derived from what is stated explicitly. Design rules, explained below, play an important
role in enabling th inferral process to take place.

The structure of the labels itself is flexible. If deemed necessary for the purposes of a specific project, additional
label categories can be introduced. Additional performance levels within label categories may also be defined .
However, too many labebct e gori es and | evels are hard to deal wi
approach to ensure manageability of semantic labels. New label categories and label levels should only be
introduced if they add specific new (semantic) informatiopgased in the design process. To justify introduction

of new categories and/or levels, this information should also be expected to lead to different choices based on relatec

design rules.

248


http://jssidoi.org/jesi/aims-and-scope-of-research/

Thelnternational Journal

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 23450282 (onlinehttp://jssidoi.org/jesi/
2017 Volume 4 Number 3 (Markh

4. Design rules

The purpose of design rules is to formalize thgical thinking employed when organizing rooms in a design
proposal. They bring to light and structure tacit knowledge used by designers. Thus, design rules are captured rathel
than formulated.

The design rules concept used in the STREAMER projedtders inspired by the packing approach developed for

the early stage design of marine service vessels (Van Oers 2011). In this approach naval engineers created :
methodology for the optimal placement of objects which needed to be transported by mariie Vésse
descriptions of these objects were data technically enriched with metadata, which is used to support decision making
on optimal placement of the objects inside these ships. The methodology allows for the use of metadata like size,
weighing loads, ad onboard presence periods in algorithms to generate and evaluate proposals for possible
placement of these objects.In optimizing the early design of buildings for energy efficiency, the design rules
methodology similarly not only creates and evalualtiesratives based on different outer shell layouts, but bases

its design proposals also on different groupings of activities taking place in the rooms described in the Program of
Requirements (PoR). For this purpose, the PoR is enriched with activityigaiddlabels. On the basis of a POR
enriched in this fashion, design proposals can be generated.

An example: a design rule could be that all rooms with the activity label U1 (opening hourd D800weekdays)
should be clustered together. Activigblel U1 signifies weekday operating hours form 0&0M®O0 with weekend
closure. Energy efficiency in a design following this design rule would profit from the possibility of switching off
its energy systems outside operating hours. In terms of qualityadety, the design would profit from improved
security and access management.

Other design rules could apply to spatially grouping rooms with similar access restriction profiles and/or placing
constraints on the possibilities for spatial contiguity @img and areas with different access restriction profiles.

To show that design rules can apply to all three parameter areas, note for instance that high hygienic class levels
will prohibit (or at least strongly discourage) the use of radiators for lgeasrthese systems are not easily cleaned.

To demonstrate that part of the semantic information is implicit, note that rooms with high specified hygienic class
levels implicitly require easily cleanable wall and floor coverings even where these arplinittyexpecified.

The generic form of a design rule is:
Object X having property A has relation R with Object Y having property B

Based on this template an infinite number of rules can be created based on a limited number of relationship types.
Therelationship types determine the generic relation between two objects. Examples of relationship types include
for instance: clustering, embedding, minimum or maximum distance between one and the other, must be directly
above or below another object, mustdn the same storey, et cetera The properties in an early design are defined
by the different label categories, table 1. The objects the design rules pertain to are the rooms, the outer boundary
the levels and later on the entrance. The properties objbets that can be referred to are the labels, the name of

the Functional Area or the Room Type. By changing the objects or the properties multiple design rules can be
created within the same relationship type.

Inclusion of semantic labels in BIM

The room descriptions in the PoR are enriched with activity and building labels. The BIM exchangeable file format
IFC also uses room objects. The semantic labels can easily be added to these IFC objects as specific property set:
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Standard BIM modeling softwa can work with the IFC files, and in the STREAMER project a number of tools
has been created that work specifically with the labels that are stored in this way within IFC files. The project will
start standardization activities to promote the broadeofusemantic labels.

The design rules are not hasired into the BIM model. They provide information about the compliance or
otherwise of a spatial lagut with the rules, but are not themselves part of thablayspecification. Hence, the

rules aren ot a part of the semantic model , but a way to
information on regulations. Semantic technologies, including domain ontologies, may additionally be used to
analyse the designs for specific other aspéciiscurrently this is not yet elaborated.

Relation to MEP systems

The design rules methodology also helps select appropriate MEP solutions. Design rules specifying the constraints
on possible MEP systems from certain label values are introduced istftiivare. Using this design rule, for each

room a shortlist of permissible MEP systems is generated from the longlist of all available MEP systems. Currently,
research is underway to ascertain whether MEP systems characteristics can also be summarigeelma f i ¢ 06 M
| abel 8 system.

Selection of MEP solutions appropriate to an area, department, level or building wing, or even to a whole building
is normally done by a specialist MEP advisor, but here too additional design rules that capture tacisdésigner
knowledge can be created.

5. Practical applications
Semantic labels and the programme of requirements (PoR)

The development of a PoR will precede any design activity on new buittlitayand retrofitting solutions. The

next step will be the defition of the buildingrelated labels values as defined in the PoR. Once compatibility has
been assessed at building level, the next steps are to look up the label values of the new functional areas and room
proposed and compare these label values to fhheduilding. This requires that an initial estimate be available

of the number of rooms, the functions assigned to each room and the floor area for each room. The semantic labels
are assigned to the different rooms and functional areas based ondpeseat functions.

An adapted version of the Briefbuilder software tool that allows PoR designers to attach semantic labels is available
on the market. The output of this tool can be processed by the Early Design Configurator.

Early Design ConfiguratorDC)

The Early Design Configurator (EDC) is a tool that is being developed as part of the STREAMER project. It uses
genetic programming methodologies for generating multiple design proposals that progressively satisfy the PoR
and design rules. Besides theR and design rules, the EDC uses the outer shell layout of the building, and the
activity and building labels to generate its design alternatives.

Different design rules may be partially or wholly incompatible or even contradictory. In recognitiois,dhe

EDC methodology is probabilistic: it will apply design rules in such a way as to maximise the likelihood of a layout
alternative satisfying a certain rule. This means that solutions generated through the EDC will often not satisfy all
rules, anddr satisfy some rules only partially or saptimally. Not all rules are equally important, nor do all rules
follow the same format. For some, satisfying the rule will be a binary Yes/No assessment, while other rules will
employ a gradual scale. To improwser control over design compliance with crucial rules, the EDC allows users
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to assign relative priorities to different design rules. The higher a priority assigned to a design rule, the more the
alternatives generated by the EDC will be geared towatid$ysag that particular rule. Different design proposals
can be created by changing design rules, or by applying different priority weights to design rules.

During the early design stage, i.e. before proceeding to more detailed definition of techdidahetional
solutions, an important question to be addressed is whether a proposed or available building (structure) can
accommaodate certain crucial functional areas. This question is especially relevant when a hospital is considering to
retrofitanexs t i ng buil ding: in such cases a basic assessme
is essential.

The relationships that determine the spatial layout are often complex and may be contradictory to each other. For
EeB design, the ED@pproach is to favour alternatives that include those relationships that, on the basis of the
information available in the early design phase, are most likely to improve energy efficiency. The EDC will, for
example, favour designs which tend to clustemns with the same operational temperature range requirements, as
reducing energy flows between rooms reduces overall energy consumption.

Design validation

The EDC output is designed to support manual comparision of alternatives by experts. #sppaitive feature

in this respect is conditional colourisation of rooms on the basis of the values in the enriched data linked to the room
objects. For example it is possible to show akl the
Such a visualization helps in identifying inconsistencies or serious flaws in a design alternative. Multiple labels can
be visualized concurrently, using different colour spectra.

Design alternatives may be validated through a design validator. Haisage module is under development for
this, as the EDC output proper is insufficient for
each layout generated, this is based solely on the placement of rooms, the width/depth ratiosonfighfloor

areas of the rooms and the overall degree of satisfaction of design rules. This does not provide information on which
specific design rules are fulfilled or violated in the spatial layout generated. The validation tool will use the same
rules as used for input in the EDC, and will allow validation of the fulfilment of each individual design rule.

The manual input from the designer is still required to apply the relations of the PoR, the building regulations and
his or her own interpretatin. Thi s concept wil/l be Ascraped and sar
line with the regulations, wishes and budgets, and of course the PoR. Manually updated designs can be validated
evaluated and visualized again.

Design evaluation

When adesign has been validated (checked against design rules and Program of Requirements), it needs to be
evaluated in terms of KPI scores. The advantage of semantic labels in doing this is that default values for parameters
can be derived, which can be usedigput for simulation tools modelling KPI performance. The STREAMER
project focusses on simulation of energy performance, but other need to be assessed as well; cost KPIs (Life Cycle
Costing) and quality KPIs are estimated during design evaluation.

251


http://jssidoi.org/jesi/aims-and-scope-of-research/

Design process

Thelnternational Journal

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 23450282 (onlinehttp://jssidoi.org/jesi/

2017 Volume 4 Number 3 (Marth

Figure 1 shows the process of the early design with the Streamer semantic labels methodology.

Assessment of designs by thathorities often takes place at a very late stage in the design process. This may lead
to problems, for instance when nroompliance with laws and building regulations comes to light and necessitates
major design changes, often leading to substantitdimo®ases and delays. Use of the tools in development in the
STREAMER project addresses this problem both prospectively and retrospectively. Prospectively, our
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methodologies allow for more accurate early prediction of performance; retrospectivelytheyt madier to go
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back to previous design stages, to reconsider the other compatible solutions and to find the most convenient way
of dealing with the changes requested.

Semantic labels and refurbishment

For a variety of reasons refurbishment approaches are often selected over new build options. The semantic labels
approach is very suitable for refurbishmen projects. Naturally, the existing configuration needs to be assessed and
the appropriate labels nesa be identified for each room. If the labels of a room are known it can be checked if
this spatial unit (room) could be used for other functions, provided the requirements for this new function are known
as well. This can help designers during the ritiod of a building or part of a building to find out quickly if spatial
elements can be used for other functions as well. Compatibilities and conflicts within the labels (existing ones vs
new ones) will define feasibility and costs of the retrofittirigriventions.

Testing the approach

Currently the first step (attaching semantic labels to rooms as defined in the Program of Requirements) has been
validated in practice. This test has led to some refinements in the label values. It turned outahaltsticeuld be
attached to rooms in a consistent way. Also, it appeared that an 80/20 rule applied: the majority of the rooms could
be assigned by using a limited combination of label values. The steps following this first one (using the Early Design
Configurator, the validation and evaluation) are planned.

6. Conclusions, discussion and future work

Semantic labels have already proven to be a promising approach in early design phases of complex buildings like
hospitals. They provide the design team with structured information that can easily be related to the PoR, and that
can be extended and revisegithe design process continues. The labels enable the capture and application of design
rules that formally structure implicit designer knowledge, and allows the creation and evaluation of different design
alternatives. Semantic labels play an importaté m identifying problems and optimization opportunities. They
provide a common language for different groups of stakeholders to communicate abour properties of functional
areas and individual rooms in a common and unambiguous way.

In the STREAMER prajct, the semantic label approach has developed into a central concept for addressing energy
efficient building design issues. On the basis of the central concept, a humber of tools around the concept is being
created to leverage the methodology. Thesestioale been created and initial tests have been performed, but they
are currently at the Proof of Princple stage and need to be elaborated further.

While the semantic labels show promising results in supporting the early design phase for Energyefiidingt
design, there is a number of topics that needs to be addressed if the methodology is to be applied more broadly.

Future research should address the problem of how to identify which sets of default values are appropriate when
applying the semarttilabels in different countries. Climate conditions, regulatory environments and construction
practices vary considerably from country to country, and it is extremely unlikely that one single set of default values
will be able to capture all this variety.

Another topic for future research is the scope for expansion of application domains for design rules that use the
semantic | abels as a basis. While it has become app
expressed using desigries, it is still an unresolved question what additional design rules are needed to reflect the
state of the art in EeB design. One research direction in this area is the inclusion of MEP design in the approach. In
principle this should yield good possikigis for further energy efficiency gains because the selection of MEP
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systems has a large impact on energy performance. The use of semantic technology may provide additional mean:
to analyse a design in early stages.
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Abstract. Retrofitting Solutions and Services for the enhancement of Energy Efficiency in Public Buildings (RESSEEPE) is an EU funded
project which aims to bring together design and decision making tools, innovative building fabric manufacturers and engrtmgram

demonstrate the improved building performance achievable through the retrofit of existing buildings at a district levEISSRERE
framework is being validated by a strong demonstration programme, envisaging the renovation of 102,000 square mitrbsikfipgs.

The core idea of the project is to technologically advance, adapt, demonstrate and assess a number of innovativémetogiicsec

implemented on several pilot cases with different climate conditions across Europe (ColerBagrcelonaSp ai n an dSw&der@ | | ef t

to ensure a high potential replication of the retrofit solutions. The three demonstration sites are involved as thenotans pfa very

ambitious district level renovation, demonstrating a systemic approach to techimdtadhation and evaluation, taking into account the

benefits of a set of technologies, which properly combined in terms of cost effectiveness and energy performance ceukbtackis
around 50% in terms of energy consumption.

Coventry Universityis acting as a Living Lab in order to test some advanced technologies already in the market and others developed

specifically within the RESSEEPE project. Those innovative technologies implemented in the pilot case are: Vacuum brselstBdCM

tubesVent i |l ated fa-ade with Photovoltaic Panel s, El ectr ostatomi c

it acts as a testing bed for where to install different advanced technologies covering specific areas of the hédithgraefurbishing it
as a whole.

This paper documents the testing of prototype technologies in a pilot case in Coventry University, analysing the peteegmodfsthe

different technologies and showing all the challenges faced during irietaléatd coordination of installation activities. The installation

process is shown and discussed, highlighting the difficulties, setbacks and challenges faced during the low carborergfufbistmy

2 This research was supported by RESSEEPB r oj ect, whi ch has r ecei ve8evehthFramewok fr om

ProgrammeProject ID: 609377

The article reflects the views only of the authors, and the Commission cannot be held responsible for any use whichdeayf leema

information contained therein. The information in this document is provided as is and no guarantee or warrantyhatfiverinformation
is fit for any particular purpose. The user thereof uses the information at its sole risk and liability
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issues are related to technical and health andysadés. Also, to financial, coordination, planning and legislation barriers etc. It will also
show ways forward and solutions adopted. The study also analyses the process of monitoring the energy performanoesaftinefifet

and the data obtainetirough the monitoring of the building before and after the installation of the different technologies. The idea behind
the Living Lab pilot case is to monitor the performance of those installations in isolation in order to obtain resulédloviich b make
conclusions about the replicability of the technologies selected in other locations. Ultimately, what is discussed ralth@ooess
followed. This discussion seeks to show the lessons learnt throughout the process and to obtain conctutiertsainiers and engagement
issues faced during the installation when retrofitting a public building.

Keywords: Low-Energy Retrofit, Living Lab, Public Buildings, Stakeholder Engagement, Performance Modelling and Monitoring;
Referenceto this papershould be made as followgbdullahi A., McGough, D., Matearcia, M. 2017. Innovative technologies for

retrofitting:  Coventry  University as a living lab, Entrepreneurship and  Sustainability Iss4€8): 257
270 http://dx.doi.org/10.9770/jesi.2017.4.63

JEL Classifications: 123, 032, Q55
Additional disciplines: Ecology and Environment, Construction Engineering

1. Introduction

The urgency for Europe to transform into a fomrbon economyo meet climate and energy security targets is a
fact. One ofthe mostcostf f ect i ve measures to meet energy reducti

Economic Recovery Plano, is to addr e40% oftHurepeaneriergyt i n g
consumption and one third of GHG emissions (Directive 2010/31/EU). By 2050, the energy consumption in
buildings could be cut with an amount <corresponding

particular, thestate of European building stock contains a tremendous improvement potential. Retrofitting
Solutions and Services for the enhancement of Energy Efficiency in Public Buildings (RESSEEPE) is an EU funded
project that focuses on the refurbishment of exgspimblic buildings in three European cities: Coventry (UK),
Barcelona (SP) and Skelleftea (SW).

RESSEEPE aims to develop and demonstrate an easily replicable methodology for designing, constructing, and
managing public buildings and district renovationjects to achieve a target of 50% energy reduction in public
buildings within specified districts. For this purpose, a demonstration and dissemination framework is developed
with innovative strategies and solutions for public buildings, energy renovatioiiding and district level, based

on the following pillars: three demonstration district retrofitting projects in three different countries representative
of the breadth of EU climate conditions; ce$fiective solutions for holistic energy performaniggrovement at

building and district levels; systemic selection process to achieve optimal mix of intervention measures from a wide
range of innovative technologies; mass customisation of the proposed business models and development of a
strategy for largscale market deployment throughout Europe; market and replication deployment plan, in order to
ensure the project impact at business level, and exploitation strategy suitable for achieving a wide impact.

The RESSEEPE project aims to develop new methgdedofor the diagnosis of the potential public district
refurbishment taking into account not only the structural and energy analysis, but also the potential problems with
the end users in terms of social acceptance and financial constraints. This paieax stigher Education building

case study used as a Testing Bed for innovative technologies developed specifically within the project framework,
for the improvement of energy efficiency in buildings. All the technologies selected for the project aativeno

or have new innovative features. They have varying properties ranging from absolute state of the art to more
thoroughly tested intervention methods. These advanced technologies are not aimed at refurbishing the building as
awhole, being applied jusy some areas in order to evaluate the performance of the retrofitted elements in isolation.
The idea behind the Living Lab pilot case is to monitor the performance of those installations in order to obtain
results, which allow us to make conclusionsialibe replicability of the technologies selected.
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2. Literature review

Buildings account for about 40% of total energy consumption in the European Union, there are indications that this
will increase as the number of buildings increase over time to meet population growth etc. (Zero Carbon Hub, 2011).
If the European Union i® reduce its energy dependency and greenhouse gas emissions, it is essential that the
energy consumption in the built environment is reduced. The existing building stock across Europe offers one of
the most significant challenges for meeting the energly environmental targets. Annually new pdomestic

buildings represent less than 1.5 percent of the total building stock, therefore the improvement and management of
existing non domestic buildings offers significant potential for achieving energy amcbrenental savings
compared to the construction of new buildings (Baker, 2009).

The European Union responded to this challenge by increasing building energy efficiency standards through the
Energy Performance of Building Directives, which came into fimc2002 The aim of the EPBD is to reduce
energy consumption in both the residential and-cmmestic sectors by raising awareness of energy use through
mandating Energy Performance Certification and Display Energy Certificates in Public building, ngandati

mi ni mum standards, and requiring inspections of key
buildings, regardless of their size, provide an opportunity to takeetfestive measures to enhance energy
per f or(EPBD Q&LQ) The United Kingdom also setlegally binding target of an 80% reduction in
greenhouse gas emissiobng 2050 compared to 1990 levels (Climate Change Act, 2008) which sets out the
government ambitions for greenhouse gas emission reduction. The UK construction strategy was developed to
improve efficiency in the construction lifecycle of buildings (Governnt@onstruction Strategy 2011), which aims

to reduce costs, improve and optimise the buildings processes and performance of the construction industry.

The retrofit in Coventry University is focussed on the University Buildings. The Association of &ltyi@irectors

of Estate (AUDE) commi ssioned and published a pape
(AUDE 2008) The paper focuses on the refurbishment of post 1960 higher education buildings and highlighted a
common issue that many unigédies are facing, which is the problem of building stock that is progressively
becoming out of date and unfit for purpose. The choice that owners are facing is whether to condemn the buildings
or refurbish them or carry out a full demolitionand reblld st at ed wi t hin the AUDE r «
one of the big issues in Higher Education toddyow to renew a very large proportion of the property portfolio
that was built in the 196006s.

Four key points that were identified as a signifiqaant of the study;

9 Academic buildings can often be refurbished more successfully than residential,

1  While the financial case for refurbishment might look poor, with costs in some cases as high as 80% of a
new build option, there are often significant enmimental benefits from refurbishment; High standards of
environmental performance can be achieved on refurbishment projects, provided that the objective is at the
core of the design from the outset;

1 Architectural excellence can still be achieved in rethiient projects.

AUDE (2008) stated the need teeealuate how prassessments of higher education building refurbishments are
carried out. An example of the demand for the project was expressed through the indication that the University of
Bathalondhad ear mar ked fAA40M of investment decisions th,
bui | d(AUDgE 2008).

Technologies Review

There are a number of technologies that can be used to improve the energy and environmental performance of
buildings. Figure 1 shows a humber of technologies that are considered within the RESEEPEE project.
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Envelope Elements Building Services Lighting Renewables

HVAC system
optimization Solar thermal
collectors
.

Solar PV panels
Seasonal thermal
storage

Figure 2. Technologies selected for RESSEEPE project

Aerogel mortar: It consists of a very porous ultight material that combines aerogel with cement to provide
superinsulating properties. Due to its low density and small pores this material shows a remiaskeahigrmal
conductivity (@), typil-a. [ThHisypromemy makesshispmodla highlp ifterestindfar5 W
insulating applications in construction. This is an innovative application of aerogel as rendering because although
there are eemples of insulating renderings using aerogel aggregates, they are not based in cement materials and

their application is for inside building walls (Stahl,eF.al2012). Figure 2 shows the process of installation of the
mortar on abrick wall.

Figure 3. Image of aerogel and aerogel mortar insulation

Vacuum insulationpanelsVacuum i nsul ation panels (VIPs) can be d
insideamultl ayered envelopedé. They are considered to be
VIPs shown in Figure 3 consist of three componehtscore, the envelope and getters (a reactive material to help
maintain the vacuum, e.g. desiccants and opacifiers). The core of the plate is evacuated and determines the thicknes

of the plate. A foil envelope keeps the vacuum inside and avoids gaso#sidre permeation into the core as long
as possible (Livesey, ket al2013).
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Figure 3. Image of a VIP and Final installation onrsite

Ventil ated fa-ade wAmohn ¢ htoh eo veorhetrag ecn tp aadev asn ¢ @ed afda sa |
are an efficient solution to control the interactions of indoor and outdoor environments. As a basic definition,
"Doubles ki n fa-ade is a speci al t y p 8y adrdnsparenvgating, pselacedv h e r
in front of a regular bukethl®iOlg )f a-Dodd"l e( Gtka inf drai- amdle
the overall HYAC consumption in buildings by absorbing part of the solar radiation during winteresedting
overheating during warm periods (Barboseet®l.2 014) . The ventil ated fa-ade p
Figure 4 has a photovoltaic system (PV) as an out el
are: insulationayer of Vacuum Insulated Panels (VIP), steel substructure and photovoltaic modules fixed with
aluminium clamps.

= 1. Substructure
2. Insulation

3. Outer layer
4. Finishing

Figured. Venti |l ated fa-ade ( Mesikepl and Final Il nstal

Phase Change Materials TubesThe thermal storage capacity of a material is a measure of its ability to absorb
and store thermal energy and subsequently release it back into the environment after a period of time. There are twc
broad types of thermal storage materials, namely serailldatent heat storage materials. Sensible heat storage
materials include brick, concrete, rocks etc. The sensible thermal storage of these materials is as a result of the
change in temperature of the materials. Phase Change Materials (PCMs) are owtg@ainds that melt or

solidify at certain temperatures to store or release large amounts of energy (Ilten, M. an@0i4)S(Iten, M. et

al, 2016). They behave similarly to ice, in odustat t h
therefore store and release thermal energy during the process of melting & freezing (changing from one phase to
another). When such a material freezes, it releases large amounts of thermal energy in the form of latent heat of
fusion, or energy of gstallisation. Conversely, when the material is melted, an equal amount of energy is absorbed
from the immediate environment as it changes from solid to liquid. The sizing of PCM is carried out based on the
performance specification of 1m long TubelCE pdes 0.145 kWh (0.041 TRh) thermal energy storage (PCM
Phase Change Material Limited).

The PCM installed in Coventry is a S27 phase change material, which is a salt hydrate that pegk&lat 27 | n
reality, the PCM may start the melting process &€ 2#d he completely liquid at 20 U . I n reverse,
show signs of solidification at 29 CU and be compl e
the surrounding temperature of the room (Figure 5). At the beginning of thinedybelCE are frozen. As the

room heats up due to body heat, and heat from the sun, the PCM Tubes passively cool the room by absorbing the
heat until completely melted. The duration of the cooling effect is dependent on the intensity of the heat being
absorbed. l.e. the PCM will melt quicker if the ambient temperature in the room@GW0 compar ed t o
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temperature is 35 CU, much | i ke a block of ice woul
PCM effectively loses energy togfmmediate surroundings, charging for the next day.

Figure 5. Phase change materials tubes (Final Installation esite)

3. Research methodology

The Case Study at Coventry provides enough data and perspective to enable extrapolation to wider urban retrofit
and living lab strategieShe case study building was selected due to the replicability of the building typology,
which brought strong possiliies for the extrapolation of results and findings. The case study approach utilises
descriptive data collection techniques. These techniques cover a number of practical interventions within the
adoption of innovative technologieas stated by Stak@012), qualitative method is an iterative and reflexive
process that begins as data is being collected rather than after the data collection has ceased. This strategy will b
effective, as the aim is to provide a qualitative view of the case study at Colkmitersity. The process of
adopting interventions within the case study into living lab buildings will lead the research into areas unknown
from the outset. Descriptive analysis will be adopted to enable the research team to reflect on the chalénges wit
the living laband adoption of state of the art technologies. Patterns, which describe the use of descriptive analysis,
can be found as fAdescriptions of objects or phenom
behaviour of the obet of study. 6 (Routio 2007)

A range of building performance evaluation protocols has been used to evaluate the performance of the building
before and after retrofitting with a view to assessing three key factors, namely building andcéysteteristics,
environmental factors and occupant perception (ASHRAE, 2010). The purpose of the building performance
evaluation strategy is:

1. To monitor the objective measures of comfort within buildings (temperature, humidity, CO2)

2. To investigatéuilding fabric performance, ¥Malue and thermographic surveys;

3. To evaluate user satisfaction of key stakeholders;

4. To evaluate the installation process;

5. To model the current performance of the building;

Therefore the methodology followed willdlude: experimental monitoring, modelling, benchmarking of energy

and environmental performance and surveys to key stakeholders and people involved in the installation process.
Figure 6 summarises the strategy for stakeholder evaluation and engagenugiailirthe research project:
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1 2 3 4

User acceptance of the
installation process

User perception after
retrofitting

User perception before
retrofitting

User acceptance of the
selection process

User satisfaction
survey
User characteristics

User satisfaction
survey

User experience:
Level of disruption,
Information and
‘communication,
Engagement and
Performance data
analysis

participation,
Satisfaction / User
‘acceptance

Cost evaluation

Figure 6. Evaluation of social acceptance

For the evaluation of user perception, user satisfaction surveys have been carried out before and after the retrofitting
activities among the users of the building: students and academics. This provided a range of data set to compare th

user satisfactiobefore and after the interventions. Stakeholder engagement events will be organized to get their

feedback regarding the selection and installation process. Some interviews will also be done with the stakeholders
involved in the installation process: tedfwgy providers, contractors, etc. Their views in conjuction with our

personal assessment of the installation process will provide us with a solid material from which evaluations and

lessons learnt from the process can be extrabitdiled performance nadelling and simulation will be carried out
to predict potential energy and carbon savings from the retrofit process and intervention strategies for each demo

site building, with the following steps:
Estimate the energy needs/consumptions before retrgfittin
Evaluate the impact of the solutions on the energy demand/consumption

PwbdE

potential savings in the building after its refurbishment.

For the evaluation of the performance of the building fabric the key performance criteria should include the analysis

Justify the expected performance of the systems based on energy, economy, environment, comfort.
Retrofit some areas of a building, and extrapolate the results to the whole buildirajuate the overall

of the existing constructive documents of the buildingorder to get the maximum information about the

composition of the external walls, and the measurements of the actual building performance by using non

destructive testing. In order to obtain this performance the following strategies will be followiadioteof the
existing building fabric composition, Thermal imaging camera, iréchand Heat flux sensors, light level sensors
and Indoor Environmental Quality measurements (CO2, Temperature and Humidity). Further monitoring will be

continued after imt al |

ation to evaluate the benef it of

t he

objectives of the RESSEEPE project will be to explore and test these products further, attaining clear results on
performance, reliability and future possitis. The building performance Evaluation Strategy will include, finally,

a district scale performance evaluation, modelling the district level impact and extrapolating the results obtained

for the replicability of the model.

4. Case Study Description

s a | contri

butor

to the

Coventry

University i arge

land within the city centre. The current estate is part of an ongoing investment to rejuvenate a number of areas

around campus with investmenti s pas si ng
University is focused on two selected buildings, Sir John Laing (JL) and Richard Crossman (RC) Buildings. The

A150m in the |

ast

5 vyears

buildings were selected as part of a robust benchmarking of thetcunigersity estate, which was carried out
early within the project (Montazarat al 2014). Part of the planning for the city moving forward is the recognition

of a |
car bon i

i Vi

ng | ab

nnovationso (City Lab Coventry,
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building will encompass a living lab ethos, acting as a live experimental environment for a number of innovative
technolgies.

Coventry University demgite developed a dual strategy for implementation and testing of these technologies. The
first strategy is based on a whole building level intervention. In this strategy, advanced established technologies
were implemented & large scale in RC Building. The second strategy is to design and implement a selection of
innovative technologies in selected areas of an existing building (JL). This gives the project an opportunity to test
these technologies in real buildings and eliim conditions while at the same time limiting the risk exposure for the
university. These state of the art technologies are categorised into four groups: envelope technologies, services
technologies, lighting and renewable technologies. Figure 7 shevisdhnologies selected to be implemented in

John Laing Building.

Envelope Elements Building Services Renewables

Vacuum insulated
panels (VIP)
Ventilated Fagade PCM cooling and Solar PV panels
storage

Building integrated
Photovoltaics
High Efficiency

Glazing

Figure 7. Technologies finally selected for John Laing Building

Technologies were selected for specific spaces within the case study building using .q@renesgy modelling
simulation, user comfort responses and field lab testing opportunities. A viability analysis was also carried out to
assess the final selection of the best mix of technologies. Table 1 shows the impact assessment of the individual
retrofitting solutions. The assessment has been made considering the effect of only one solution implemented on
the building. Yet to reach the objectives in terms of energy efficiency, the retrofitting project integrates
combinations of several individual stibns, aiming at a maximum level of complementarity of the measures
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. Ventilated | Innovative Mineral
Solution fa-ade Mortar ETIC PCM PV
Fuel gain (kWh/year) 160 000 40 000 80 000 0
Energy/CO2 Electricity gain (kWh/year) 38 000 11000 1000 17 000
Environmental gains (tonne of
CO2lyear) 61 17 20 10
Instant finand¢ 14 000 4000 4000 3000
Financial
I nvest ment 110 000 130 000 80 000 30 000
aspects
Mai nt enance ¢ 3150 0 0 1500
Lifetime (Year) 25 30 25 25
Fuel gain (kWh) 4 800 000 1300 000 2 400 000 0
. | Electricity gain (kWh) 1150 000 320 000 40 000 510 000
Life cycle - -
) Environmental gains (tonne of
impact Co2) 1800 500 600 300
Financial ga 450 000 160 000 150 000 0
Global cost gg‘s’t; Maintenance 184 oo 130 000 80000 | 70000
Return on
investment Payback (year) 10 24 14 19

Table 1. Impact assessment of the individual retrofitting solutions

3. Results and Discussions

The first major works at Coventry consisted of the
with vacuum insulated and solar panels, and exterior insulation with aerogel mortar, Figure 8 shows the location of
the various technologiesn t he bui l ding fa-ade and internal sSspac:eé
technical coordinators and the technology providers with support from Coventry University.

PCM —Phase Change Materials JL136-JL137
PV —Photovoltaics JL139 Ventilated facade: PV 5
VIP - Vacuum Insulated Panels a
PCM +VIP+DGU 8
DGU - Double Glazed Unit JL134 .JL135 PCM
ETICS — External Thermal Insulation Composite System JL137 ETICS with VIP
EPS- Expanded polystyrene PCM

JLG38 JLG38. ETICSwith 1 JLG38
ETICS with EPS Aerogel mortar ETICS with EPS

Figure 8: Location of the interventions

PCM wasselected for use in the architectural studio space which is located in southern and south eastern orientation
of the building to counteract specific overheating issues identified through user responses and simulations. The
spaces are occupied by high gtntinumbers over long hours during day and night. The architecture studio also has
high internal gains due to density of computers and other heat emitting equipment. The space is naturally ventilated
providing the ideal environment for testing a passalet®n. To investigate different space use and and control
mechanisms, PCM was installed in small office spaces (less thah Poenselected offices are located on the west
fa-ade of the building with high risk of overheatin
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VIP insulation has beeselected on a west office to counteract the current poorly insulated cavity brick system.
During the winter months users often report cold temperatures especially in the mornings. The VIP is intended to
improve the overall insulation of the space withoeinl invasive of the existing cavity. To further test insulation
improvements ETICS with EPS and Aerogel mortar have also been implemented in neighbouring spaces providing
a spread to the data experiments. A significant aspect of the interventionsniethetion combination space of
JL137, which has been i mpacted by PCM and Ventil at
where the interconnection of technologies can be analysed.

One of the challenges with installation was due to ldaxperience and knowledge of PCM. A number of local
contractors were approached to install but were put off by the increased risk of dealing with a new technology.
Contractors have to consider the increased level of risk and liability that they wilbtakden dealing with
technologies and installation procedures that they have little prior experience of installing. Prior to installation there
were concerns over the integrity of the tubes and the risk of leakage of the PCM. The tubes were enclosed within
very robust structureyhich reduces this concern. Once the contractor had been identified the installation was fairly
straightforward. Certain protocols had to be adhered to such as a structural assessment of the space and an asbes
survey, both tomsure that firstly the structure could hold the increased loading of the PCM tubes and secondly to
ensure that there is no risk of exposure to asbestos by both installers and users of the building. Figure 9 shows the
PCM tubes were fixed using a standarble fixing bracket system, which was fixed to the underside of the ceiling.

The spaces and tubes will be monitored over the next year to evaluate performance of the system, both objective
and subjective data will be used to compare rooms with PCM toestleantrols rooms.

SRVANITTIII I

NE NSNS s iny £

Figure 9: Installation of the PCM tubes

g8

. Y
: Y
NS A

Figure 10. Indoor temperature of PCM rooms (11 & 20) and a control room (13)

L

071062016000 08/06720160:00 0910622016 0:00
Date of Activity

Initial results from the indoor environmental monitoring suggest more comfortable internal environment compared
with the control rooms. Figure 10 shows that the control room has a consistently higher peak indoor temperature
over the 5 days monitoring pedioThis trend will be assessed over a long period and also evaluate the influence of
user behavior in terms of opening and closing of windows. The result shows that there is a peak temperature
difference of about 4K between rooms with PCM and the corgoohr The dirnal temperature variation is higher

in the control rooms, 10.4K compared to two rooms with PCM with 6.4K and 9.50K diurnal temperature range.
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The ventilated facade was conceived andmanufactured within the RESSEEPE project. The partvexisrirtiel
manufacturing of the structure and the assemblies of the system were from a different country, which implied a
carefully designed installation process and the validation of the system beforehand. However, even with a very
detailed assembly plahere were some logistic issues regarding the delivery of materials, lack of specific tools and
lack of a Risk Assessment plan and disposal of the waste materials. The installation process was successful at takin
into account all the challenges that wiareed as mentioned above. Surface sensors were integrated into the different
layers in order to get a real time performance of each material. Figure 11 shows the installation of VIP and Ventilated
Fa-ade and the completed system.

Figure1l.nst al | ati on of the ventilated fa-ade

The aerogel mortar was tested and manufactured specifically for its application in Coventry University. Due to its
innovative nature a theoretical and practical training was done by the manufacturer in order to gomsdigroduct
application. The application of the aerogel mortar was done by hand instead of the spray system, this implied having
to test different percentages of wateortar ratio in order to get a good performance. During the construction a

numberot her mocoupl es were integrated into the | ayers
the thermal gradient through different | ayers of th
mortar.

Figure 12: Installation of the aerogel mortar

An international prototype installation requires an effort of understanding and cooperation. Having to coordinate
the construction works from another country is very complicated and with a lot of logisfiengea such as
bringing heavy tools & equipment as well as a language barrier. Some risk was assumed by-8ite dkmeed

from difference in Health and Safety culture, waste disposal measures and damage to existing landscape.
Additionally it could beargued that many of the problems were due to the impact of having no robust method
statement and risk assessment. Many delays were experienced due to the lack of robust planning which resulted ir
extended disruption to CU day to day activities. As a refubme of the technologies being in developmental
stage, it is essential for all the stakeholders involved to understand the risks associated with both installation and
on-going maintenance challenges, which highlights the need for effective stakedraidgement at an early stage

of the project to explore the benefits as well as the potential risks associated with each technology and intervention
strategy. Some of the setbacks could have been avoided if all the coordination had been done by jusaope com
with experience of the construction culture and procedures in the pilot country. An initial stakeholder engagement
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provided a vital platform to highlight critical factors such as user comfort, consideration on local planning
constraints and disruptido the useable areas. The engagement and communicatiomgoingnnterventions and
disruptions to the users of the buildings was particularly vital for achieving theesmmiocomic and environmental
benefit of low energy retrofit.

At this stage it isoo early to evaluate energy data in great depth as-gigiimonitoring study is still in its infancy.
Additionally, user experiences will be evaluated over the next year before disseminating results. This approach will
ensure that performance dataeigaluated over summer and winter seasons. A period of 12 months of user
experiences and monitoring will provide a robust level of data to establish greater generalisation and ensure higher
guality analysis and extrapolation.

Conclusions

The RESEEPEE project aims to achieve energy reduction in the region of 50% through the use of innovative
building fabric and systems to retrofit public buildings. The project developed a building selection process for
retrofitting and a clear methodolodgr selecting technologies for implementation within selected case study
buildings. The aim of this paper is to critically review the process of stakeholder engagement and evaluation and
the process of technology installation. The paper reviews the rel@aumologies and describes the process of
stakeholder engagement. The challenges faced during installation of the various technologies shows that effective
stakeholder engagement at different stages of the project life cycle is essential for maximaisowdeconomic

and environmental benefits of a low energy retrofit project. It is also essential that the installation process of the
various technologies is centralised and coordinated by a single entity with experience of local culture and
proceduresdo ensure efficient installation process. So far some results of the PCM performance have been
presented which reveals very interesting trends showing that the PCM will be useful for alleviating discomfort,
especially in the summer months. The instalteiavill be monitored over the coming 12 months and detailed
performance evaluation of the various systems will be evaluated. Additionally the stakeholder engagement process
will continue post installation and in conjunction with objective measurement apmeéth clear performance

metrics for each technology. Results from the deites will be extrapolated to other public buildings in order to
achieve potential urban scale retrofit analysis.
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Abstract. Increased Demand Response (DR) is essential to fully exploit European power systems, which in turn is an absoluteprerequisit
for meeting European targets related to energy efficiency and climate change. Essentially DR involves consumers rddfticigghueits
electricity usage during periods of peak electricity demand in response tbased tariffs or other forms of financial incentives. The
opportunities for realising demand response vary across Europe as they are dependent on the partidolgy regtket and technical
contexts in different European counties. Nevertheless successful DR programs are becoming increasingly common fosttéabe indu
customers. However DR programs aimed at small and medium scale customers have mostlynfiaiéedheir expected potential. Blocks

of buildings offer more flexibility in the timing of energy use, local energy generation and energy storage than sigis lbnitias such
researchers and the energy industry are beginning to consider how bldekklioiys can operate collectively within energy networks to
enhance the effectiveness of DR programs. This paper identifies the opportunities and technical, market and regulatognt=doiir
realising DR services in blocks of buildings in the Europeantext. The work presented is part of an ongoing European Horizon 2020
project entitled Demand Response in Blocks of Buildings.

3 The work presented was carried out as part of the DR BOB project (01/028/62/19) whichiscéd unded by t he
Horizon 2020 framework programme for research and innovation under grant agreement No 696114. The authors wish to
acknowledge the European Commission for their support, the efforts of the project partners, and the contributionsef all thos
involved in DRBOB.

The article reflects the views only of the authors, and the Commission cannot be held responsible for any use which may be
made of the information contained therein. The information in this document is provided as is and no guarantee or warranty
is given thathe information is fit for any particular purpose. The user thereof uses the information at its sole risk and liability
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1. Introduction

The European 2030 climate and energy framework adopted in 2014 sets three key binding targets for the year 2030
At least 40% cuts in greenhouse gas emissions (from 1990 levels); at least a 27% share for renewable energy; ant
at least a 27% improvementénergy efficiency (European Commission 2016a). Increased Demand Response (DR)

is an absolute prerequisite for meeting these European energy efficiency and climate change targets. Essentially DR
involves consumers reducing or shifting their electricity aghging periods of peak electricity demand in response

to timebased tariffs or other forms of financial incentives. The opportunities for realising demand response vary
across Europe as they are dependent on the particular regulatory, market andltechtégss in different
European counties. Nevertheless successful DR programs are becoming increasingly common for large industrial
customers. However DR programs aimed at small and medium scale customers have mostly failed to meet their
expected potentiaBlocks of buildings offer more flexibility in the timing of energy use, local energy generation

and energy storage than single buildings and as such researchers and the energy industry are beginning to consid
how blocks of buildings can operate cotleely within energy networks to enhance the effectiveness of DR
programs (AlaJuusela et al 2016). This is because blocks of buildings offer more flexibility in the timing of energy
use, local energy generation and energy storage than single buildingbiéCet al 2016).

The potential value of DR in blocks of buildings depends on the telemetry and control technologies embedded in
the building management systems currently deployed at any given site and the potential revenue sources: both of
which vary &cording to specific local and national conditions (Thomas et al 2009, Crosbie et al 2006). In this

context, to encourage the growth of DR servicesd ar
research to demonstrate the economid anvironmental benefits of DR for the different key actors required to
bring DR services in blocks of buildings to market.

Response in Blocks of B-undedbytheF86é HDRiIi BOB) 2@Ri0c hr amme
for research and innovation. The research presented in this paper is based on the work conducted in the initial stage
of the DR BOB project to identify the opportunities and technical, market and regulatory requiremessising

DR services in blocks of buildings in the European context.

Following this introduction, to set the context, section two of this paper outlines the drivers of demand response in
blocks of buildings in Europe. In section three of the paiésrent types of DR programs are defined. Finally
section four analyses the potential of each of the DR programs to be deployed in blocks of buildings pointing to the
regulatory and market conditions required.

2.  The Drivers of Demand Response in the EU
The three key binding targets for the year 2030 adopted by the EU in 2014 build2@2¢helimate and energy
packagewhich set targets of a 20% reduction of greenhouseegassions, raising the share of EU energy

consumption produced from renewable resources to 20% and a 20% improvement in energy efficiency compared
to 1990 levels (European Commission, 2015). As illustrated in Figure 1 energy consumption in the built
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environment (households and services sector) forms a major portion (40.3 %) of the total energy consumption in
EU member states (European Commission, 2014). Thus, energy useimdusinial buildings offers the potential

to make a significant contributiontcdhi evi ng Eur opebs targets for cli mat
of peak energy demand. As such it provides a huge largely untapped potential for demand response, offering an
avenue for energy aggregators DSOs and TSOs to further manage darasmd.

In efficient energy markets during the hours of peak energy demand energy prices are at their maximum. In relation
to electricity, this is because when national electricity demand is low, supply comes from relatively inexpensive
base load genation and when demand is high and base load generation is exhausted, supply comes from relatively
expensive peaking generators (Crosbie et al 2015). This creates rapidly fluctuating energy costs throughout the day
in wholesale electricity markets that pestkimes of peak load/ demand (see figure 2). This impacts on the ability

of European Industries to compete globally (Capgemini, 2008). Large peaks in energy demand also creates problem:
with grid reliability, stability and efficiency (Crosbie et al 2015)

23%
HOUSEHOLDS
25.6% AND SERVICES, ETC.
403%  YEAR ‘ INDUSTRY
2012
TRANSPORT
31.8% AGRICULTURE

Fig. 1: Breakdown of energy consumption by sector inZBUn 2014 (Source European Commission, 2014)
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Fig 2.Example of the fluctuation in EU energy markets: Nord Pool Spot prices during an average week (Monday to Sunidang) iim Fin
February (Source Crosbie et al 2015)

The growing share of intermittent distributed renewable energy generation in Europe (see Fig 3) is exacerbating the

problems created by peak demand in terms of gird security and stability and energy costs. The strong EU policies
backing the introductionfarenewable energy generation has encouraged this growth in distributed renewable
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energy which stood at 16 % in 2015. In 2015 25 EU countries were meeting their 2013/2014 interim renewable
energy targets arising out of tB820 climate and energy packagéhis means that the EU has three times more
renewable power per capita in Europe than anywhere in the rest of the world. Renewable energy sources are alsc
likely to continueto grow significantly in the near future with the 2030 climate and energy framework set to
encourage an increase in the share of renewable to at least 27% by 2030.

To invest in more capacity is becoming an increasingly expensive option to the chalteraged by growing peak

energy demand and renewable energy sources, both for utilities and consumers, requiring heavy expenditure on
power generation, transmission and distribution capabilities (Capgemini, 2008,Crosbie et all 2015). For example,
it is estmated that European electricity networks (EDNs) will require six hundred billion Euros of investments by
2020, with two thirds of these investments required in Distribution networks (Eurelectric 2013). By 2035 the
distribution share of the overall netwdrkvestment is estimated to grow to almost 75 percent and to 80 percent by
2050 (Eurelectric 2013). When thinking about these figures it becomes clear that the prospect that DR solutions to
reduce peaks in energy demand is significant. Thus, in recent tmesmphasis is on developing novel solutions

which can align the energy demand to the energy supply in reame ( Pat t eeuwa et al , 2 (
With distributed renewable energy generation andtiae pricing and demand response, theeset can actively
participate in energy markets.

25%

20%

15%

10%

5%

0% r T T T T T T T 1
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

—EU-28 =—Europe 2020 target

Fig. 3: Share of energy from renewable sources in gross final consumption of eneizfy, 1042014 (source Eurostat).

Given that more than 40% of the energy demand from buildings is in the sEmdicd®mestic sector it would seem

that the potential of DR in blocks of buildings is significant and the increasing penetration of DER and climate
change targets are significant drivers of demand response. However to fully realise the potential fdoEKR in b

of buildings, it will be necessary to identify which types of DR response programs are applicable to blocks of
buildings in different technical market and regulatory contexts as discussed in the following sections.

3. Demand Response program architype

Although DR programmes are to a certain extent unighaving to fit specific geographic and regulatory
requirements common elements and characteristics can be identified. Earlier research identified seven main DR
program types (OpenADR Alliance 201énd this work forms the basis of the types of DR programs discussed
here. However those DR programs involving cost and pricing signals for typical DR programs involving variable
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tariffs - such as traditional Critical Peak Pricing (CPP), Reéale Pricing(RTP), Time of Use Pricing (TOUP),
Two-Tier Pricing (2TP) and various combinations thereof, can be combined. Therefore to simplify the analysis that
foll ows, DR programs involving these pricingdgfoi dRRal
program.

Generic Variable Tariff (GVT) DR program: GVT DR programs provide variable pricing structures for electricity
which are designed to reduce consumption during periods of high wholesale market price or during known periods
of systemcontingency, and encourage consumption in times of low wholesale market price. In a GVT program,
hourly or subhourly prices for electricity consumption (possibly having several tiered levels) will be advertised to
DR participants by the program sponsoleaist one hour in advance, typically one day in adva@acel in some

cases even months in advance. Although prices are variable and reflect market conditions, maximum prices may be
negotiated in advance. Typically they are linked to-alagad market coittbns and seasonal market changes. Such

DR programs are especially useful for planning and scheduling controllable resources such as smart appliances an
the charging times of electric vehicles. There are no minimum load restrictions and the targieipdriarimay

be residential, commercial or industrial.

Capacity Bidding DR Program (CPB): A DR program which allows a load resource and its owner to identify how
much load it is willing to curtail for a specific price to the DR program sponsor requigndemand reduction.
Although CPB contracts may be negotiated by the resource owner and the sponsor well in advaime, real
negotiation may also be performed e.g. based upon balancingjifrepmarket conditions to help cover unplanned
contingenciesigch as loss of expected renewable availability due to inaccurate weather forecasts. Notice periods
for activating negotiated CBP contracts are typically one hour minimum and are mostly eateeddy Such DR
programs are especially useful for deferringnpked operation of large/medium sized industrial loads, where
enforced loss or change of production is recouped throughomnenitment contracts and subsequent activation
payments. There are minimum load restrictions (typically 100 kW) and the targetmipaats may be load
aggregators, commercial or industrial.

Direct Load Control (DLC) DR Program: A DR activity in which the program sponsor remotely controls a
participantds electrical equi pment omouldsnkotve tétmporarily i c e
reducing temperature, humidity or air pressure set points in home and building HVAC equipment to achieve a short
term reduction in electricity demand. Once the DR event has passed, conditions are automatically returned to
nominallevels. Financial incentives are paid for enrolling in the DR program and may also include bonuses when
DR events occur. It is possible for a participant teaptof a given DR event for a financial penalty. There are no
minimum load restrictions and t@geted participants may be residential or (small) commercial.

Fast Dispatch / Ancillary Services (FD/AS) DR Program: A DR program which provides incentive payments to
participants for fast load reductions (or increases in some cases) during emexgalittgns on the grid that
require immediate action to prevent loss of transmission lines, distribution equipment and/or generator tripping
which can negatively impact the reliability of the wider system. Contracts are negotiated in advance and often
activated without prior warning, as load needs to be shed (or increased) at very short®natiseconds for
frequency regulation). Such DR programs are especially useful for large/medium sized industrial loads where
enforced loss or change of productionasauped through preommitment contracts and subsequent activation
payments. There are minimum load restrictions (typically 100 kW) and the targeted participants may be load
aggregators, commercial or industry. This DR program is very similar to the CRFPdgRm, but timescales for
reaktime response and reliability of load change are much more stringent (and participation incentives much larger).

Distributed Energy Resources (DER) DR Program: These are DR activities which are utilised to smootioimtegrat
issues for Distributed Energy Resources (DER) into the wider electricity grid, e.g. to help curtail over or
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undersupply issues. For most implementations of this DR program, some form of storage and/or a digpatchable
DER are required. The DR particigaresponds to daghead pricing signal incentives from the sponsor to either
increase or decrease its nominal load at requested times during the day, using batteries, flywheels or other forms of
energy storage or by dispatching a DER for a particularpiene@d when it would not normally do so. This allows

the DR participant to modify its nominal | oad profi
linked to intermittent availability of renewable energy elsewhere in the grid). Ther@caminimum load
restrictions and the targeted participants may be residential, commercial or industrial.

4. Potential of DR Programs for Blocks of Buildings

The different types of DR programmes outlined in the previous section all have potential forblxekis of
buildings. However some maybe expected to be deployed more easily in a wider variety of situations than others
due to significant variations in their technical, market and regulatory requirements.

Table 1 below presents an assessment of tiierefit types of DR programmes for deployment in blocks of
buildings based upon an estimation of the level of effort required and technical and regulatory considerations related
to the implementation of each DR program. Note that since all DR progranre r@gexisting Advanced Metering
Infrastructure (AMI) and DR ICT infrastructure, this is not stated as an explicit technical requirement.

Tablel. Technical, Market and Regulatory Requirements for DR Programs block of buildings potential

DR Program DR Incentive and Technical Requirements Regulatory and market Block of
Impacts requirements Buildings
Potential
General Low to medium Schedulable / controllable devices or | Relevant variable tariffs Very High
Variable Tariff | economic benefit to Electric vehicle (EV) charge points,
(GVT) participant, continual Optimizer, Humanmachine interface

peakto-peak reduction | (HMI), Building management system
(BMS) or Home area network (HAN).

Capacity High economic benefit | Sheddable load of 100 kW or more, RelevantCBP DR product | Low
Bidding DR to participant, sporadic | HMI and load aggregators
Program (CBP) | peak reduction
Direct Load Mediumeconomic HVAC with appropriate control system Relevant DLC product and| High
Control (DLC)  benefit to participant, or other suitable load, HMI, BMS or load aggregators

sporadic peak and HAN

energy usage reduction
Fast Dispatch / | Potentiallyvery high Fast sheddable load of 100 kW or mor( Relevant FD/AS products | Very Low

Ancillary economic benefit to Plus highspeed and reliable telecontrol and load aggregors

Services participant, sporadic & telemetry interfaces OR frequency

(FD/AS) peak reduction sensitive / frequency aware loads

Distributed Medium to high Dispatchable DER, Storage, Optimizer Relevant variable tariffs Medium
Energy economic benefit to HMI, BMS or HAN allowing renewable energy
Resources participant, continual selfconsumption and

(DER) peakto-peak reduction decentralised storage.

The most favourable DR programs according to this initial evaluation are GVT, DLC and DER. This is principally
because in most (not all) blocks of buildings have some controllable appliances (e.g. washing machines and EV

4 Dispatchableenewable energiefers to sources oénewableslectricity that can be dispatched at the request of power grid ofseoat
of the plant owner; that isenewablegenerating plants that can be turned on or off, or can adjust their power output accordingly to an
order.
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chargers etc.) and HVAC systems ftimate control (temperature and humidity). Since market conditions in most

EU countries already support simple-peak and ofpeak tariff structure$ and many are moving towards RTP
pricing structures- the basics for implementing GVT and DLC DR Pragsaare present, even if manual
implementations are required. In addition, in many modern buildings, distributed energy generation is also present
(typically in the form of PV panels and/or a CHP plant). Therefore a DER DR program also seems favourable,
albeit slightly less so due to the additional need for storage andhdzmd signal from the DR sponsor.

The main reason for less favourable conditions for the CPB and FD/AS DR programs is the need for a controllable
resource which is large enough to béwated (at very short notice in the FD/AS case). This is less likely to be
available in a block of buildings. However, in many cases it is most likely that hybrid combinations of the DR
programs outlined in section 3 can be considered for a particukarFoe example, recent works by Zhou et al.
(2015) and Patteeuwa et al. (2015) have shown that by aggregation of multiple HVAC systems and the application
of co-ordinated controls, it is possible to provide FD/#y$e DR programs to provide demaside frejuency
regulation services to support intermittency of renewable generation, e.g. in the presence of fluctuating wind power.
The work by Patteeuwa et al. (2015) also considers the use and role of thermal storage units in such applications.
These DR appro&es are, in essence, hybrid combinations of DLC, FD/AS and DER DR programs which are
enabled and supported by appropriate ICT infrastructures and control/optimization systems.

Another possible approach to providing fast ancillary and dispatch servicelevimaging demandide
contributions to frequency regulation could also be emerging (M@inar c 2 a et al . 2011; Vi
this decentralised approach, instead of having demands undeotélel by a DR sponsor, loads are equipped with
(low-cost) instrumentation which is able to measure frequency directly at the point of supply. They are also equipped
with controls which can quickly react to frequency deviations by modulating demand accordingly, without the need
for any external signals. firoperly implemented, a form of faatting demandide primary droop control can be
achieved by participating loads. Follay secondary frequency stabilisation using-teletrol signals from the DR
sponsor can al so be useddi twiotnhailnd sDuRc)h  awi ft rha meewsopreke t (
HVAC systems seem to be the most appropriate for this kind of droop control by manipulating temperature and air
flow setpoints to obtain fast, shettrm reductions in demand (which are not lik@yrhpact occupant comfort if

only present for short time periods). This approach avoids the need for fast and reliaiiatteleand telemetry
interfaces and infrastructures, but requires the development of an appropriate set of technical standards and
legislation. However currently seems to be a minimal market with few financial incentives offered for providing
such services within the EU. This is currently a barrier to an approach which appears to be emerging as one of the
most technically feasible ambtentially effective approaches for DR. Current exceptions are the Frequency Control

by Demand Management (FCDM) and Enhanced Frequency Response (EFR) services introduced in 2016 as par
of a range of demarside management initiatives for the UK marertoffitt 2016). FCDM is a tendered balancing
service which requires that a load of 3 MW minimum is shed by participants within 2 seconds of the system
frequency falling below a preset threshold, for minimum duration 30 minutes. EFR extends traditioagy pri
frequency controls to the demand side in the manner described above, but the product is still in development and
the technical and contractual requirements not yet fixed.

An example of how DR involving the control of local energy production areitediin some EU countries is the

way in which the price paid to individuals and organisations that generate renewable energy is subsidised. Many
EU countries have introduced FeiedT ariffs (FITs) that guarantee a price for the renewable electricity pedduc

by distributed energy resources. Two types of tariff schemes are commonly applieg@ritesBiTs (FFITs) which
guarantee a fixed price for every unit of produced electricity and premium based FITs (PFITs) which pay a premium
on top of the variable miet price (Crosbie 2016, FFI Ts do not provide any incen
marginal production costs are high. Also, costs for balancing intermittent electricity production may be
significantly lower with PFITs. Therefore, PFITs provideiacentive to match renewable power output better with
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marginal production costs in the system ( Sc hmi dt , 2013) . So, for exampl e
regulations make setfonsumption possible the currently very generous FFITs make thisififipoorewarding.

It would seem that within a block of buildings scenario featuring large enough quantities of schedulable devices
and controllable loads along with DER/storage units (e.g. CHP with batteries / hot water tank)dern
optimization andcontrol techniques such as those described by Ogwumike €046), Short et al. (2016),
Patteeuwa et al. (2015) and Zhou e(2015)i including others allow for potentially large opportunities for DR

in blocks of buildings. A key enabling factdrpwever, will be the selection and deployment of an appropriate
AMI/DR ICT framework to assist with coordinated actions between buildings and blocks of buildings, and the
selection and deployment of appropriate local controls and optimisers.

In the case foDER DR it must be highlighted that there are three key barriers to consider when thinking about the
potential for the deployment of DER DR in blocks of buildings in some EU countries. Firstly renewable energy
self-consumption and decentralised storage rast allowed in all EU countries (European Commission 2016b).
Secondlycomplex and burdensome administrative and authorisation procedures still represent an important
barrier for the competiveness of smsthle seHconsumption projects in blocks of hlings wheraenewable

energy selconsumption and decentralized storage are allowed (European Commission Zoirélb).or+line
information platforms and applications are so far used in only a few Member States (e.g. Portugal, Hungary, Italy
and Sweden)European Commission 2016b). Thus while several EU countries have introduced facilitated
notification procedures for small renewable energy installations such asopo®V installations, additional
national action is required (European Commission 2016a).

When considering the potential for DR in blocks of buildings the rise of the independent aggregator within European
electricity markets is also crucial. As demand response in blocks of buildings will be difficult to capitalise on in
those EU countries ose regulatory frameworks discourage or ban their growth. This is especially in the case of
Explicit DR programs in which consumers receive direct payments to change their consumption (or generation)
patterns upon request, such as what we have called@®Dand FD/AS. This is because most blocks of buildings

do not have the level of generation / demand reduction/ storage capacity to engage in many of the current DR
products. Consumers, if they are to be engaged in DR need a clearly defined offerswtgahly beneficial and
simpl e t o u srequire &partyswitheexpertisdie selling and providing this offer through aggregation.
Aggregation service providers (who may or may not be electricity suppliers) are therefore central players in
creaiing vibrant demangide participation and Explicit Demand Respanse( SEDEC 2015) .

In2015ananalysisof si xteen of the EUG6Ss member states found
explicit demand response markets; while a further four states had partial opening of demand response markets anc
two were found to have no current opening of tlaekat for explicit demand response (SEDEC 2015). However,
there are considerable barriers in many countries to be overcome before there is an EU market for a solution to
enable explicit demand response in blocks of buildings. One of the key barriergdHaimgmost EU countries
consumers cannot choose a separ at e TFBheyrareiestrctedtatioeir i d e r
supplier, or at | east need their supplierds per mis
supplier is in direct competition with the aggregator, or may have other reasons to hamper the uptake of Demand
Response, and thus has an incentive to block the aggregator from doing business with the gonsurseE D E C
2015).

5 This analysis graded markets according to the four main criteria: 1) Enabling consumer participhtémgragation 2) Appropriate
programme requirements 3) Fair and standardised measurement and verification requirements and 4) Equitable paymémnicamesisk s
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The pilot sites in the DRBOB projeate situated in France, Italy, the UK and Romania. Of these the markets in
France and the UK have commercially active explicit demand response markets, while in the pilot site countries all
except Romina have current variable energy tariffs. The fingingsented suggest that in the first instance the
demonstrations in the DRBOB project should seek to illustrate the potential of existing capacity bidding (across all
sites), variable tariffs (UK, France, Italy) and direct load control programs (UK, Frémesderpin demand
response in blocks of buildings. However, it is also noted that energy tariffs which offer real incentives for demand
response and DLC products are not available in all EU countries and these markets will need further development.
Fordemonstration of decentralised fast ancillary and dispatch services, the UK market seems to be most appropriate
with some early DR products currently available and others in latter planning stages.

In summary the UK market, at present, offers the largespe for DR demonstrations at the block of buildings

level due to its recent initiatives on the demand side in general. The outputs of-B@BBroject will therefore

include an assessment of potential séacie c hni c a | ( Gr ¢ n e wahhoegonomit (Cradbie etal0 1 2)
2016) barriers to DR deployment in blocks of buildings, to guide less mature market development using the UK
market (and its emerging operational and contractual specifications) as a reference point. Following energy studies
infor med by the social sciences (Crosbie 2006, Croshbi
2012) the approach adopted will involve-dapth interviews with stakeholders (including facilities managers,
building owners and building occupapto explore the various perspectives, motivations and vested interests which
are at play when seeking to implement demand response in blocks of buildings.

Conclusion

The different types of DR programmes discussed all have potential for DR irs laibbkildings. However given

the different technical market and regulatory contexts in different EU countries some will be deployed with greater
ease in some countries than others. To address the uneven development of the technical, market and regulator
requirements for realising DR services in blocks of buildings theBOR project will seek to identify how
mechanisms for DR response from more mature markets could be implemented in EU countries with less mature
markets for DR (Crosbie at al. 2016). Thesults will provide feedback to the market participants with
recommendations on how that country could adopt new mechanisms and what value there is in doing so for the
different actors involved in the value chain required to bring DR in blocks of buldingharket (Crosbie et al

2016).
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1. Introduction

The growing interest in building efficiency in terms of energy and comfort leads to critical needs in modelling tools

to design them and efficient instrumentations to be aware of their real bel{&adooquier, Robert, Suard, Stephan,

& Arnaud, 2013) Futhermore the huge amount of data generated during building lifetime hardens the extraction
of useful information about real building behaviour, sensors health and to anticipate future needs.

The latter issue has seen lots of interesting work achievee last years. Several kinds of approaches are used to
help in understanding data produced. Physical models (white boxes) are among the preferred methods due to thei
accuracy in describing the building studied. Another category builds analyses uponbatwien physical
considerations and statistical methods (grey boxes).

In this work based on t h669154 R focddRM EtRdiephased an statistiCaFaRd |
machine learning approaches (black boxes) that make use only of availaliteldata relationships, correlations

and dependencies between data. These studies often introduce exogenous information such as weather informatio
to help models to converge to better predictions. The main drawbacks of such methods is to apply thre-suited
processing on data, find the best exogenous information to add to models inputs and make use of a sufficiently large
and reliable dataset.

The present work proposes to use artiwn class of models in signal processing, namely: an ARMA model to
generate predictions from the signal past values (Box, Jenkins, & Reinsel, 1994). In that way, signal is considered
as a time series and the objective is to predict future values of this series without any other information as input, a
so cal {drevehd 6adlmpraoach. An ARMA model makes no physi ce
but still has some assumption about the process itself. Aside from classical prediction models, recent years have
seen Deep Learning (DL) models win lots of open contestvarious application domains ranging from
handwritten characters classificatidheCun, 2015)to breast cancer mitosis detection (Ciresan, Giusti,
Gambardella, & Schmidhuber, 2013). Despite their performances on classifeeliotion, the use of DL models

for time series prediction is mainly seen as an overshoot considering both performance of common models and
complexity of DL models. In this work, our aim is to give an insight into the comparative performances of a recent
model of Deep Neural Network (DNN) to the more common ARMA model for time series prediction.

This work both proposes to give useful forecasting information to time series data producers, further looking for
anomalies comparing forecasting and actual \wlaad to give an insight of the ability of DNNs in time series
prediction. This is part of a work that aims at generating online forecasting for each signal of instrumented building
that upload their recordings to a database. This allow automatic fiimgcpeoduction of several hundreds of
signals without human interaction at each building. Each prediction model generates new forecasting at regular
periods of time from the data uploaded by the building sensors. The provided forecasting for eaclalsaiau

is then used as a criterion for anomaly detection (not detailed here).

Furthermore, such massive forecasting can then be used as input to other indicators such as expert systems, for pa
of the control for local energy storage/consumptionp aflow anticipation with regard to cooling/heating materials
inertia €

2. Data time series

As a part of the PERFORMER Eurpoean project this wo
The project is based on four pikites:
9 Baltic Plaza Hotel (PL)
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1 Las Letras Hotel (ES)
T Saint Teilobébs High Scool ( UK)
1 Woopa office (FR)

In the scope of the project are the instrumentation
an online data warehouse that cargberied via a REST API. Datasets considered in this paper come from Woopa
building (Lyon, France) and Saint Teilobs High Scoo
achieve analyses presented in the following sections. Datasgteseated in two subsets each: a training set and

a test set.

Saint Teilo High School

35

T T T
— Outside Air Temperature Log-St Teilos High School

— Classroom Temp - First Floor Black 3-St Teilos High School
301 — Classroom Temp - Ground Floor Block 3-St Teilos High School

i i

IR ke

Time

Fig. 11 Raw data hourly resampled
The Saint Teilods high school data avail alkclassrodner an
in the building. Figure 1 shows a resampled set of data. It consists in a first floor temperatures dataset and a grounc
floor temperatures dataset. The third set is the outside temperature recorded during the acquisition phase.
These data haveebn used in preliminary analyses (not shown) and have allowed to explore the periodicities and
cluster properties of such building data and helped to set the parameters of the models detailed in the following
sections.

These data have not been used thiéee for the forecasting because not enough different types of data were

available at Saint Teilo for a common period of time. Thus, models presented in section 3 focus on data from the
Woopa building introduced below.

Woopa

The first set of datainWgoa 6 s bui |l ding is the global gas consumpt
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Fig. 12Woopa Total Gas Consumption (m3). Training set (left), test set (right).

Data is acquired at a sample rate of 15 minutes and ranges from 2011kdo@ o 2014 March 12 Data is

first resampled hourly keeping track of the summed consumption in that interval. Data contain some erroneous
values, baseline data should be validated by pilot sites specialists before considering that no abnosnaakvalue
present. The dataset is given as is to the models.

A second set of data is the Cold Sanitary water consumption in the Woopa building. Acquisition period and sample

rate remain identical to previous set. Again some suspicious spikes are easigddetdw training set, the highest
spike has been removed from dataset and remaining is given as is to the models.
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Fig. 13 Woopa Total Water Consumption (m3). Training set (left), test set (right). (m3)

However, in thiglataset, some slippage offset is also clearly visible in test set. Test set starts in October 2013 until
the end of the period (see Figure 3). This may/will have an impact on models performances as it is not included in
models training set. A huge parttbe training set is also composed of zero values. It seems that consumption has
either not been correctly recorded during the acquisition period or greatly changed over time.

The third dataset used in this work is an electrical consumption one (FigWve 4hose to use the global lighting
consumption of a subzone in the first level of the Woopa building. This third dataset allows us to test the models
on an occupancy signal of the building which constitutes a third category of data.

The training set cdains some abnormal spikes, especially one raising up to about 750kWh that has been removed
from training set (O instead). There remain suspicious ones that are fed as is to the models. Normal data range is
more visible in the test set (< 1kWh per hougr Beep Networks models, total value range of the data has great
influence as being normalized before feeding network. A quick test showed that there is a factor 10 between test
mse with the 750kwh spike and without.

3. Algorithms

ARMA model

Auto-Regressive and Moving Average (ARMABox, Jenkins, & Reinsel, 1994 a common class of models for

time series prediction composed of two parameterized parts for describing a stationary process. If raw data do not
reflect a stationary process, an Integrated model (ARIMA) can be used to get ridstationarity behaviar by

using a given order of process differentiation.
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Fig. 4 Woopa lighting consumption of a subzone of a storey (kWh). Training set (left), test set (right)

An ARMA model is a combination of an adtegressive AR and moving average model.
An AR mode can be expressed as follows:

where0 is a constant, is a residual (random nois€)j s t he mo d €& liséhe coefficidnés used far thel
weighted sum of the past values used in the maués the time see value at timeé. The order of the model can

be a consecutive past values set, wiengll then reflect the number of past values used. The order can also be a
list enumerating indices of past values to be used in the combination.

An MA moving averge model is expressed as follows:
o I R -

Where' is mean of the series modelled and random noise.
From these definitions, an ARMA model is the combination leading to the following expression;
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The model implementation used in the present work comes(fPenktold, Seabold, & Taylor, 2016)he model
is encapsulated in a python library for online data acquisition and predictions updates.

Deep Hghway Networks

DNN has gained popularity in recent ye@raCun, 2015)They have been extensively used in different applications

for classification purpose@He, Zhang, Ren, & Sun, 2015) (llya Sutskever, 2084d4) their application for
sequence/times ges prediction is quite neyBusseti, Osband, & Wong, 2012) (Dalto, 2015) (Li, Bai, & Zeng,
2016) (Wang & al. 2016)A recent review(Schmidhuber, 2014detraces progress and advances in DL which
encompasses a wide scope of applications and contestiearhimg phase of these models can be a challenging
task. In particular, learning algorithms hardly perform when increasing the networks depth. A recent work
(Srivastava, Greff, & Schmidhuber, 20J®pposes a Deep salled Highway Network (DHN) model thahows

to be more stable in learning when increasing the number of hidden layers. A Highway Network can be defined in
a simplified form as follows;

® Ocdf 8Yaw @ o

Wherewis the output of the networkDis the nodinear transformation applied to the inptweighted by a
parameters matrico . This corresponds to a classical feedforward neural network architectureQisthenerally
composed of several layers of Alamear transformations (and their corresponding weights matrices), where each

|l ayer receives its inputs from the preceding | ayerod
The Highway property of this model cpared to a more classical DNN lies in the two classes of linear
transformations added:; thransform gatéYcahw — andcarry gate afto . The first gate transforms the input and

the second allows to carry input in a possibly unchanged form througiffénerd layers of the network, depending

on the weights applied. In this work, a simplified model is used as proposed in the original wor& where “Y

The regular hidden layers are populated with Rectifier Linear Units (Rékiayot, Bordes, & Bengi, 2011)and
gate layers use a sigmoidal activation function. The model used in the present work is adap{Biefeonan,
2015)and encapsulated in a python library to allow online data acquisition and predictions updates.

4. Results

Preliminary analyses have shown that daily, weekly and yearly periods were among the most powerful periodicities
contained in time series. It also showed that clear discrimination between week days and week end/vacations existec
in data.

From trese preliminary analyses, the models parameters have been chosen. ARMA models orders were also slightly
optimized minimizing theBayesian Information Criterion (BICA best moving average order was found at 20

(with a paremeter space between 0 and 503.firkt derivative order, making the ARMA an ARIMA model, of

time series was used to make the data stationary. For theeguéssive order, two models were kept for
comparison. The first one uses values of the same hour the day before and the sameséimer day the week

before to predict a value. The second model uses every values of the past 24 hours and every values of the sam
day the week before (24 hours starting 168 hours in the past). ARMA models parameters are tuned through
maximum likelihood.

This produces two ARMA models to compare.
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Table 1.Root mean squared error obtained on Woopa Total Gas consumption. Forecast 1hour

Woopa Total Gas consumption (m3)
Model RMSE
Best ARMA 5.49
Best DHN 5.04
Napve 7.86

Highway networks parametehsive been selected after preliminary tests on subparts of data. The selected set of
parameters showed the best prediction behaviour compromise between parameters space size and performance.
Networks are fed with the same inputs as the second ARMA model bour of last 24 hours and the 24 hours

of the | ast weekds same day. A 48 input vector is
models received comparable inputs.

1 WoopaGasHourly

Models

4
;
>

- I
M v @@ DHNTS “relu’
Bl DHNTS_'sigmoid
&—A DHNTS ‘virelu'
-0 DHNTS linear’
9@ ARMA_LastDayAndLastWeekDay
O3 ARMA_SameHourLastDayAndLastWeekDay

10}

RMSE
o

0 5 10 15 20 25 30
Forecast Horizon

Fig. 5. Performances of models w.r.t the for@dasrizon, Gas consumption.

The networks are chosen with 150 hidden units in each of the 20 hidden layers. An output layer is composed of
only one cell, to reproduce a one dimensional time serie. The network is thus trained to achieve a regression on the
input time series. Four types of activation function of the output layer are used for sake of comparison: ReLu,
VeryLeaky Relu (with 0.3 as slope of the rectified part), Sigmoid and Linear. 150 training epochs with a learning
rate set to 0.3 (momentum aBb) and a bias initialized t&.0 ends the set of training parameters. Networks are
trained through SGD (Stochastic Gradient Descent) with batches of 64 samples and some optimization as describec
in (Srivastava, Greff, & Schmidheb, 2015)

Each model is trained with the same part of data and tested with another same part to make results comparable
Models are trained and tested with a forecast horizon of 1, 5, 10, 15, 20 and 30 steps ahead to compare their ability
to produceaccurate predictions on different horizons.
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Networks outputs consist in only 1 value predicted for the next step. To achieve several steps ahead forecasting
predictions are reused as input for next step prediction. Thus the same model is usedARdAfanodels, to
generate forecasted values whatever the the forecast horizon is.

Table 2.Root mean squared error obtained on Woopa sanitary cold water consumption. Forecast 1hour

Woopa Total Sanitary cold water consumption (m3)
Model RMSE
Best ARMA 0.22
Best DHN 0.53
Napupve 0.3
0.9 WoopaW§terHourly ‘
Models
|- DHNTS_‘relu
08| A | o

/ S |04 DHNTS tnear )
g \_|@@ ARMA LestDayAndLastiNeekDay
@ ARMA_SameHourLastDayAndLastWeekDay

0.7

R

0.6

0.5

RMSE

0.4}

0.3}

0.2}

0.1

L
0 5 10 15 20 25 30

0.0 L L

Forecast Horizon
Fig. 6. Performances of models w.r.t the forecast horizon, Water consumption

Tables 1, 2 and 3 shows the performances of the best models for a forecast horizon of 1 sample for each data type
Models performances acemparedtoasoal | ed Anapuyved model which only r|
predicted future value.

Figure 5, 6 and 7 shows performances of all models w.r.t. the forecast horizon duration from 1 to 30 steps ahead.
Performance is expressed innbs of root mean squared error.

Table 3.Root mean squared error obtained on Woopa First floor zone RH5 Global Lighting consumption. Forecast 1hour

Woopa Light consumption zone RH5 R+1 (kWh)
Model RMSE

Best ARMA 0.03
Best DHN 0.02
Napve 0.22
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Labels in Figure 5, 6 and 7 legends indicate the corresponding model: four different output activation functions for
DHN models and the two different Auto Regressive orders for ARMA models. From this plot and the tables
presented above, we can observe i@vedications of comparative performances of each model.

The first observation concerns one of the three datasets; namely the water consumption one. In the Figure 5
presented in previous sections a clear offset arises during the test set. Thihiffésttesaverage consumption

values until the end of the dataset. Such an offset is not observable in the training set. When we focus on models
performances on this dataset, the weak performance
explaired by this difference of behaviour in training and test sets. The ARMA models on the contrary handles this
difficulty with an interesting performance (0.22 as RMSE for an average dataset value between 0.0 anse2.0

Table 2 and Figure 5).

This difference in performances is explainable by the fact that DHN focuses on training set to build a model of the
data when ARMA considers a moving average and anragtessive part, thus whatever the changes in dataset,
ARMA will adapt its predictions inhis way.

0.00 WoopanghtHourly

Models

44 DHNTS ‘relu’
B8 DHNTS_sigmoid’ g
A& DHNTS 'virelu'

0.08 - &4 DHNTS linear

9@ ARMA_LastDayAndLastWeekDay

@@ ARMA SameHourLastDayAndLastWeekDay

0.07 |-

0.06 -

RMSE

0.05 -

0.04 -

0.03 -

002 1 1 1 L L
0 5 10 15 20 25 30
Forecast Horizon

Fig. 7. Performances of models w.r.t the forecast horizon, Light consumption

A second observation is that, if we exclude the water dataset for the reasons explained above, DHN models perform
better than ARMA models. This is particularly troe short term prediction as shown in table 1 and 3. Figure 7

also shows that it remains true in the light consumption dataset even for longer forecast horizons.

However, the gas consumption dataset shows that long horizons benefits to ARMA models7Figbeefact

that, in this study, DHN models are built with only one output value for next step can be a limitating property in
this case (Models with output values could have been created for each of the forecast horizons studiethevith
consideredhorizon). Output function of DHN models shows great influence on model performance depending on
dataset. Across datasets and forecast horizons, linear and very leaky rectified linear units (vIReLu) show better
performance than sigmoid and rectified linaaits (ReLu).
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The complexity of the models often being used as a criterion against the use of deep networks models, it is
interesting to have an idea of the computational time needed for each model type. In the present work, the the
models implementationssed lead to a faster execution time for DHN models training and test w.r.t. ARMA
models.

Conclusions

This work as part of the Performer European project has focused on comparing performances of ARMA and Deep
Highway Networks models for the forecastimignonodimensional signals solely based on past values. Data used
have been produced by the project pilot sites, mainly Woopa building, and represent different types of real data
acquired over a long period of time. Models parameters have been choseorbasaitninary anylses conducted

on projectds buildings dat a. Model s performances
horizons.
Performance results show that both model tedigtiens ac h

even for uncleaned datasets. Results also show that Deep Networks can improve forecast accuracy. As a countet
part they are less adaptative to changes in data behaviors. As is known, networks need to be trained on highly
representative datasetsiinprove accuracy.

It has also been shown that computation load is heavier for the ARMA models than for the DHNs when considering
the implmentations used in this work.

Thus, even in a regression scheme with unclean datasets, Deep Networks seem tdobpeataen beyond

ARMA models, for the present data tested, with less computational load. The main drawback lie in the need for a
representative training set and an adapted output dimension.

The work presented in this paper was supg by the European Community's Seventh Framework Programme
under Grant Agreement NA 609154 (Project PERFORMER)
Frederic Suard (CEA) for their valuable comments and to the other partners of thé fordjeeir help in data
gathering.
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Abstract. The conversion of ocean wave pawnto sustainable electrical power represents a major opportunity to Nations endowed with
such a kind of resource. At the present time the most of the technological innovations aiming at converting such resaueegly atage

of development, with mly a handful of devices close to be at the commercial demonstration stage. The Seaspoon device, thought as a large
energy harvester, catches the kinetic energy of ocean waves with promising conversion efficiency, and robust technaogy t@cco

specif ¢ A-matvieon cl i mated. University of Genoa developed and paten
seas (i.e. Mediterranean or Eastern Asia seas). This paper presents the installation phases of the first real scalestatéotypehe gulf

of Genova and the monitoring of its performances. A brief description of the Seaspoon WEC is presented together wittorting moni
equipment and procedures.In this research a thermoeconomic analysis of its integration in a rearptlygdistrict is also investigated.

The impact of such this kind of stochastic renewable generator in the Savona Campus Smart Polygeneration MicrogridvéBRi#ds e

The SPM plant is made up by (i) two auxiliary boilers (500kWth each), (ii) feznorgas turbines (30kWe, 2x65kWe and 100kWe), (iii) an
internal combustion engine fed by natural gas (20kWe), (iv) an absorption chiller (100 kwWf) and (v) PV panels for ad¢oiaktailed of

100 k We. Generators ar e fidtheyiare cobplet ® eléctricalranduhennal stdrages.cSicepthe systemmigl
constituted by cayenerative prime movers it can supply both electrical and thermal energy of the campus and the integration of storage is
really important in order to follow both étrequests, pursuing the best management strategy.

The analysis of this smagtid is performed exploiting a software developed by the Author's research group, which allows for the thermo
economic optimization of polgenerative energy systems. A modetha real plant was built and it was implemented in the software. The
off-design curves of the real devices installed in the campus were used in order to increase the reliability of the sisultatidheeyrid

was simulated considering the time depamtchature of the demands throughout the whole year. The model was used to simulate the smart
grid behavior during the whole year, and find the best operational strategy. -Adpaadent thermeconomic hierarchical approach has

been used, consideringettimedependent electrical, thermal and cooling load demands during the year as problem constraints. The results
are presented and discussed in depth and show the strong interaction between fossil and renewable resources, paitipaletlgfthe
unpredctable and randomized generators like the WECs ones. A dedicated model of the Seaspoon was implemented and exploited in the
code.

Keywords: wave energy converter, smart grid, energy storage, thermoeconomics, polygeneration
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1. Introduction

The integration of renewable and other efficient distributed power generation sources into existing and future
unified electricity systems represents an enormous technological challenge which can be overcome particularly
thanks to energy storage and the manseye of power demand and production by the exploitation of Information

and Communications Technology. All these technologies are the fundamentals of Smart Grids and they are the
crucial research topic in Europe for a new Energetic revolution (Barstow2e0a]).

Distributed generation (DG) will play a key role in this novel scen&angs et al. 2008nabling new roles of
citizens as prosumers instead of simple consumer of energy (Olkkonen et al. 2016) also requiring specific social
(Tvaronaviliena et al. 2012) and business model s (I
including many renewable technologies supplying small scale power at sites close to users. Highly efficient
combined heat and power (CHP) plants, bagland peak load systems are providing increasing capacity. Together
with renewable energy, these technolsgiffer new market opportunities and enhanced industrial competitiveness.

The ocean waves are an important renewable energy resource that, if extensively exploited, may contribute
significantly to the electrical energy supply of countries with coastsdgdle ocearfiBarstow et al. 2003A wide

variety of technologies has been proposed, studied, and in some cases tested at full size in real ocean condition:
(l'zvercianu et al. 2014; Drew et al . 20 6hanical precéss « o A.
of energy absorption from the waves requires a moving interface, involving (i) a partly or totally submerged moving
body and/or (ii) a moving diwater interface subject to a timvarying pressure. This kind of generators can be
exploitedin distributed generation facilities particularly for smart grids and district energy located nearby the shores
where the sea has a considerable wave energy potential. The production of WECs is strongly aleatory, even if it is
a little bit more predictablénan wind power. Due to strongly randomized production, it is important to evaluate the
interaction of this kind of generators with the other equipment (generators and storage) installed in the local energy
district in order to maximize the exploitatoho WECs 6 pr oducti on.

The management of distributed generation facilities, the deisidednanagement, the design of the energy district

is a complex multiobjective optimization process that could be analysed through a thermoeconomic approach.
Thermaeeconomic analysis (Verda et al. 2001) is a swalbwn method to approach energy systems, in order to
develop efficient and profitable real time controllers and to identify the best size for the different installed devices.
Energy storage systems daglp in successfully meeting the district energy demand, such as building heating and
cooling applications, and they are able to solve the problems of not dispatchable renewable energy sources in the
electrical market.

The purpose of this paper is to kwate the impact of an original patented WEC named SeaSpoon, developed by
the researchers of the Thermochemical Power Group, in the management of a real polygenerative energy district
installed at the University of Genoa campus located in Savona (Braat@81.3). A oneyear analysis is carried

out with one hour time intervals, taking into proper account the-diependent nature of energy demands, RES
generation and investigating the best operational strategy for the devices. A thermoeconomic hme&elaSpoon

was developed in the original software-BCoMP (Webbased Economic Cogeneration Modular Program)
(Barberis et al. 2016) thanks to the optimization process was performed, which aims to investigate the best
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management strategy of the devicesdlhstl in polygenerative energy districts in order to satisfy the load energy
demands and make eventual new equipment installations profitable.

2. Savona Campus Smart Polygeneration Microgrid

In the previously introduced scenario, one of the masbvative European demonstrator is the Smart
Polygeneration Microgrid (SPM) (Fig.1), installed in the University of Genoa campus, located in Savona (Italy),
and built with both the contribution of the Italian Ministry of Education, University and Resk#ittR and the
European Project FP7 RESILIENT. The SPM installed in Savona includes several commercial CHP units,
traditional prime movers and renewable generators, as it follows:

T

E R R I ]

A cogenerative micro gas turbine (mGT) Turbec T100, 100 kWe, 165 kWth engeaerative internal
combustion engine (ICE) TANDEM T20, 20 kWe, 44 kWth; (these two CHP units are included in the
Innovative Energy System laboratory managed by TPG)

A cogenerative micro gas turbine (mGT) Capstone C30, 30 kWe, 49 kWth;

Two cogenerative ioro gas turbines (MGT) Capstone C65, each rated 65 kWe, 112 kWih;

A photovoltaic roof of 400 m2, corresponding to a peak power of about 77 kWe;

Three CSP dish Stirling units, each rated 1 kWe, 3 kWith;

Two conventional gas natural boilers, each rated %0thk

Two absorption chillers, LWMN003, each rated 100 kWth;

Two storage tanks for hot water, for a total volume of 10,000 I;

A storage tank for cold water, volume of 3,000 I;

A FIAMM SoNick electrical energy storage, capacity of 470 Ah and nominal vadiia8@o V.
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Charge point for
electric vehicles

Electric storage

Microeolic disposition

Thermal storage
Chiller
Cooling tower

Microcogeneration

Charge point for
electric vehicles

Fig.1. University of Genoa campus located in Savona (abo%®M overview (beloy

The SPM is connected to the National electrical grid in a single point. The CSP dish Stirling units (Fig.1 above)
contribution to the grid will not bever considered in the present analysis, as the thermal and electrical production
of these units is negligible.

3. The SeaSpoon Wave Energy Converter
The development of an innovative wave energy converter designed to exploit the Mediterranean $eargave
potential started in 2010 at the Thermochemical Power Group. A first design and layout was patented in 2011 and

the concept originates from merging the best technologies of existing Wave Energy Converter (WEC) devices with
up to date wind energy toines.
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Fig.2 SeaSpoon First Layout

The first simplest layout of the Seaspoon (Fig. 2) consists of a rotor (1) whose spinning axis (2) is submerged at an
appropriate depth, considering the sea conditions (wave period, wave height and wavelerpgghdiicular to the

wave propagation direction. The wave particles, while in motion, hit the rotor blades (3), which start spinning in
one direction independently on the wave direction. A connecting rod (5) ties stiffly the rotor axis to a main spinning
axis (4). The main spinning axis is placed as well parallel to the rotor axis. It is submerged at an appropriate depth
likewise the rotor axis. The main axis is hinged to a flat plate (6), which acts as a rudder for the overall rotation. In
turns, the ente device is free to spin around the main axis (4) in the same direction of the propagating waves. At
the same time, the blades are set to motion and spins around (2) and (4) at once.

The results of numerical simulations (DiFresco et al. 2015) showethéh&easpoon (Savonitige rotor coupled

to spoon plate) performs better than a simple Savédypesrotor, exploiting the peculiarity of the circular velocity
field of the flowstream associated to the waves motion. This proves the basic idea orhe/ldehgpoon is based
on. The spoon plate eventually coupled to a rotor with even higher efficiency of the Savonius (e.g.-pgieus
rotor) can improve its conversion efficiency (DiFresco et al. 2014).

After a first test campaign in a wave flume fagilit was decided to move towards a simple spoon plate and a full
scale prototype (Fig.3) was realized and installed in the gulf of Genova thanks to a elastic beacon installed in open
sea where a complete monitoring campaign is currently in progressediv@cal details of the prototype are
reported in Tab.1, the most important innovative aspects proposed by the SeaSpoon are its ability of self
orienteering hortogonal to the wave direction, the possibility to move the converter on a vertical direajiam (5

order to follow the waves and the fact that the WEC has no visual impact, thanks to the submerged installation.
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Technical Sheet
Nominal Power 1-3 kW
Blades Size 2 bladed 1x1m
Nominal Optimized Designed Wave Height 2m
Vertical Displacement 5m

Power Take Off

Free Shaft
-

Fig.3. SeaSpoon Full Scale Prototype: Render and Prototype

The monitoring campaign is based on a remote control of the most important parameters where all the data are
collected through a MATLAB model (Fig.4):

- Generated power

- Efficency

- Wave height

- Wave period

- Wavepower correlation

- Wauve potential

- Daily performance
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sssss

Fig.4. SeaSpoon Monitoring Campaign MATLAB Model
4. Thermoeconomic Approach and WECoMP software

Thermeeconomics aims to find a correlatibatween the thermodynamics, particularly energy and exergy flows,
and the economics of an energy system. The peculiarity of this thegrmmomic analysis consists in the use of the
concepts of specific consumption of components or processes and thecastsgf the flows; these two items of
cost constitute the stalled internal economy of the energy conversion system.

Thermaeeconomic analysis can be insightful in polygenerative districts, where the energy manager has to decide
whether i.e. follow thehiermal or electrical demands, and optimise the electricity exchanged with the grid.

The objective of thermeconomics is to indicate where and how energy and money savings are possible and to
guantify the results obtained in terms of fuel or money saved.

W-ECoMP (Webbased Economic Cogeneration Modular Program) is an original software tool developed by the
Thermochemical Power Group, at the University of GenocE@BMP aims at the therreconomic, time
dependent analysis and optimization of energy distritis characterized by a modular structure that allows the
user to easily build complex cycle configurations without significant modifies at the core of the program. This
approach maintains the possibility of extending the libraries containing th@nentp (48 modules are available).
Each component is described by three subroutines, that define mass and energy fldesigofperformance
curves (Ferrari et al. 2014), variable and capital costEGOMP allows the optimization of energy systems at tw
different hierarchical levels (Yokohama et al.; Gamou et al.):

A Determination of the best operational strategy for existing energy systems (low level)
A Determination of the optimal size of plant components or whole plant design (high level)

Capitaland variable costs are considered for the system size optimization, while only variable costs are considered
to optimize the operating strategy of existing energy systems. In the design optimization, the size of each component
is evaluated together wittsitapital cost, through cost functions updated periodically (once a year). The main inputs

of the model are: (i) electricity, heating, cooling load curves; (ii) economic scenario where the plant is installed,
including trade prices (fuel and energy cod(i);component capital costs vs. size; (iv) operating and maintenance
costs vs. time; (v) generator afesign performance curves. In particular;adsign performance curves for the
devices installed in the energy district were implemented by therautha previous work (Barberis et al. 2016)
starting from their real performance measured in experimental tests at different load conditions.
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The constraints of the problem are the balance equations between supply and demand of components. For example
as far as the electrical energy balance is concerned, the energy produced by installed prime movers (ICE, gas
turbines, etc.), the energy sold to the user and the energy consumed by plant components (i.e. compressors, he:
pumps) are included in the balanes follows:

Ereq = a iNzlEi,prod + Eacq + Evirt - a i’\i Ei,cons (1)

Eq. 1 includes a virtual term as well, representing energy exchanges between the plant and the external environment
necessary to satisfy the optimization constraints (i.e. load demands). The same approaeippheddor thermal

and cooling energy balances-ECoMP considers only energy and power flows between units: fuel mass flows
and consumptions are evaluated from the energy flows and the generators efficiencies. The thermal storage is
modelled startingrbm a volume capacity and evaluating the storable thermal energy by hot water with that volume
and a fixed temperature.

At low level, the components size is considered fixed (therefore capital costs are fixed) and a genetic algorithm is
used in order taetermine the best operational strategy (Barberis et al. 2016). In this case, the software aims to
minimize an objective function (Eq. 2) that represents annual variable costs:

20 N A ' )
Cvar = Fi Qi izlcfuel,i + CeI Canq + Cvirt C6Fvirt + Evirt + Qvirt) 2)

Variable costs are made up of the following terrijsa term related to fuel consumption costs, (ii) a term related

to electrical energy costs and (iii) a term that r
fl owsd represent ener gy e xc han gveosmeld,enecessagynto shtisfe thep | ar
optimization constraints (i.e. load demands), as reported in Eg.1. Since these amounts of energy cannot be produce
by the plant, penalty costs are associ at edorder@of vi rt
magnitude higher than the other specific cost terms), the optimization process is forced to find an operational
strategy which minimizes virtual flows.

At high level, WECOMP is able to perform the size optimization of one or more comportethis same time,
minimizing the objective function, which includes both variable and fixed annual costs. More details on-the high
level optimization are reported in (Barberis et al. 2016). The optimization process is performed by dividing the
operationalitne (usually one year) into a proper number of representative periods, one hour or less depending on
the application. At both optimization levels, the constraints of the problems, represented by energy load demands,
must be satisfied; if these conditiorre aot verified, strong penalties are applied and virtual costs associated with
virtual flows increase the objective function (Yokohama et al.). Thanks to the presence of the storage, the energy
load demands can be managed with more flexibility, allowandguel and energy savings as well. For any further
detail about the model of the storage implemented in the software, please refer to (Verda et al. 2001).

4.1 Thermoeconomic Model of the SeaSpoon WEC

The SeaSpoon Wave Energy Conveerter was modelled in the WECoMP software to be integrated in an already
existing model of the Savona Campus SPM, modifying
module is able, starting from &t file with an hourly profile of the renewable associated potential (solar irradiation,
wind speed, wav height and frequency), to calculate the producibility of the Renewable Generator.

In this case the Seaspoon WECoMP was built after a deep statistical analysisvaizéhpotential of the sea in

front of the city of Savona, where it would be installed the Wave Energy Converter. This analysis started from
monitored data (weather and meteo open sea floating stations) and from wave forecast models from the Ligurian
Sea.
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In the analysed scenario, the average wave height is usually between 0 and 3 metres, with rare peaks of 4 or &
metresAlthough the stochastic distribution of these data, some values are often maintained for hours or days around
equilibrium values then aving suddenly to set around a new average value of balance. This trend allowed to
prepare three average profile of the daily wave potential per each month, related to calm, moderate and wavy
situations. These data could be used as input fditRee n e Ralmlde m Gener at or 0 modul e.
Starting from the wave potential equation (Eq.3), it is worthy to consider an average period of the wave to

evaluate the producibility of the Wave Energy Converter.

0 —— —(@3)

The values of the periods veeidentified with a different approach previously described for the wave heigth
values and an average value for the three sea conditions were identified that ais equal for all months. These values
were directly inserted in the code, and not in"tkefile that the user has to provide to the module for the
simulation, so the user, choosing the sea condition (calm, moderate, wavy) impose the period.
According to period and heigth values the three different daily profile were divided as follows:
9 Calm, period equal to 5 s and heigth inferior to 1 m;
1 Moderate, heigth between 1 m and 2,5 m and period equal to 6,5 s;
1 Wavwy, heigth higher than 2,5 m and period equal to 7,5 secondi.

For a complete evaluation of the production of the WEC, the WECa¥tRase consider a different number of
days of the three profile per each month.

Project Options Import SetDisplay Login

" Physical | Properties [ Global [ Genetic | UserData | Electricity selling | Electricity purchasing | Economic \‘ Run ECOMP | ECOMP Output 7l‘ioitﬂeisﬂ\

Name: ;Seaspoon | Help

=
installed power W] = |1000 |
module size (thermal solar,photovoltaic,CSP) [m2] = [100 \
windmill blade diameter (wind)/WEC diameter [m] s j
geodetic high (hydroelectric) tm]

efficiency : 005 \

Renewsble generator = |Seaspoon WEC A
= | = |
Kind of incentive - |all-inclusive rate (italy) 54

T =
INDCOST 2 ‘Use cost function L

Sea Strength Trend - |Calm =

r % 1
File |calmo.dat Showfile || Load UserData

Fig.5. SeaSpoon WECoMP model input data

The input data that has to be inserted by the user together witkt tlile of the wave potential are those one related

to thedesign of the WEC: the size of the blades (strictly related to the portion of the wave front that the generator
is able to exploit), the number of WECs present in the farm, the nominal efficiency.

An off-design curve was implemented in the code mastigrred to the ratio between the wave height and the
diameter of the blade. This curve was built starting from the producibility data obtained from the open sea
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monitoring that show how the nominal efficiency is performed by the WEC for a H/D ratiotequdkig. 6) This
curve has been approximated by two parabolic tendency curve and equatiory(Eq.4

1 Considering H/D inferior to 2:
y=0.2981 (H/B¥) 0.1404 H/D + 0.0939 (4)

1 Considering H/D superior to 2:
y=0.1514 (H/B)X 1.2066 H/D + 2.817()
while in order to perform a complete thermoeconomic analysis, a very simplified cost was introduced in the code
with a |Ilinear cost of 15000 40/ Kw that conside all t

1 y =0,2981x%- 0,1404x +0,0939
0,8
0,6
0,4 y=0,1514x2- 1,2066x + 2, BT7T

0,2

Fig.6. SeaSpooroff-design curve
4.2 Economic scenario and plant assumptions

The calculation is performed by dividing the year in 12 representative days (one for each month), for a total of 288

representative periods (hours). Since the campus is closed during thedvéddmands are zero), only weekdays

are considered as representative.-E@OMP software needs several input data, most of them related to the

economic scenario where the plant is installed, as follows:

a) Energy load demandsithey are one of the optimizatigmoblem constraints, they have to be satisfied in

all the periods by the traditional and renewable generators installed or purchasing electrical energy from
the National grid. The excess of power production of the generators can be also sold to tla giation
A typical electrical and thermal demand load profile is generated for each month from real consumption
data received by the SPM controller. Fig. 7 shows the demands for typical winter (continuous lines) and
summer (dashed lines) working days.
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Fig. 8. Electrical / thermal demand profiles in winter (continuous lines) or summer (dashed lirees) day

b) Solar irradiation curves:ithe irradiation curves considered are related to the city of Savona, located in North
Italy. Irradiation hourly average values are calculated hour per hour for each month, as reported in (Barberis et al.
2016).

¢) Economic scenario datare presented in Tab.1 according to typical electrical energy and natural gas Italian
market prices for energy producers at this power size. The prices of electrical and thermal energy sold to users are
referred to the local contract while cooling enepgyduction is considered as an electrical energy saving from the
present cooling system (compressor chillers, COP=2), therefore cooling power selling price is assumed 0.085
a/ kWht .

Table 1 Economic Scenario

Price of natural gas 0, 88 «
Purchasing prie of electricity from the 0,20
National grid

Selling price of electricity to the National grid| 0, 08 0
Selling price of electricity to the users 0,17
Selling price of thermal energy totheusers |0, 08
Selling price of cooling to thasers 0,085

U/ k Wh

Plant life is assumed equal to 20 years, depreciation time equal to 10 years and inflation rate equal to 3% [Bejan et
al. 1996]. Basing on thermal and electric demand curveEOMVIP calculates the best operating strategy.

d) Local Wave Potential Dataas previously introduced the data related to the wave progile in the Savona Gulf
were evaluated through a crestatistical analysis from different monitored and previsions data.

5. WECoMP Simulation

In this research the installatioha 10 SeaSpoon farm in the sea shores in front of the city of Savona was considered
in order to evaluate how this kind of strong tochastic generators can interact with the Savona Campus SPM. It is
worthy to underline that, due to low energy potentialiglurian Sea, the SeaSpoon contribution in the SPM is
significant only during wavy days that are more frequent in winter months like December and February (Fig. 8
Table 2)

304


http://jssidoi.org/jesi/aims-and-scope-of-research/

Thelnternational Journal

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 23450282 (onlinehttp://jssidoi.org/jesi/
2017 Volume 4 Number 3 (Marth

4,00E+02
3. 50E+02
300E+02
2.50E+02

2 00E+02

B R W
- _— .
-
= 5
- _—
| | l -
1,50 +0% Fi . i
-.
1,00E+0%
5,00E+01 ‘ —
| -
IL,J,JH,JU,----.I- .
1 2 3

2 10 11 13 13 14 15 18 1F 18 1% 20 21 2@ I3 i4

B ) pan T rhec SN Cap ) NN Cop BN CE NN Soacpoon SRR Bowghit Electrical dermand

Fig. 8. SPM connected to the SeaSpoon faiectrical Management in thmonth of December

In wavy days a significant contribution of the Seaspoon farm can be observed, with an average power production
comparable to that one normally produced by the CHP internal combustion engine TANDEM T20, often even
higher. As can be seerom the graphs, the Seaspoon facility is able to statisfy the energy demand of the campus
during the night. The exploitation of SeaSpoon energy production at night seems to be plausible as wave presence
and profile are fairly predictable. The Seaspoontnigierproduction could be sold to the Electrical National grid,

or it could be stored in the battery (not the subject of these simulations) for the operations of Steapeak

during midday peaks demand.

Table 2. Yearly Electrical Energy Produciltiji of a Ten SeaSpoon Farm in Savona Sea [kKWh]

Monthly Energy Production [KWh]

January 74,42 684,36 0,00 758,78
February 64,83 510,17 427,96 1002,95
March 78,32 946,28 0,00 1024,59
April 33,02 508,94 0,00 541,96
May 48,03 1121,54 0,00 1169,57
June 42,31 118,56 0,00 160,86
July 13,99 101,15 0,00 115,14
August 27,44 29,44 0,00 56,88
September 29,95 786,42 0,00 816,37
October 44,98 431,21 471,63 947,81
November 36,32 848,06 859,84 1744,21
December 22,46 409,12 1190,89 1622,47

TOTAL [kWh] 9961,59

For what it concerns the WECs® contribution during
bought from the National grid without any particular negative effect on the management of the thermal demand,
entirely satisfied by CHP units particularly at the peak of the electric demand.
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As it can be seen in Table 2, even if the day with a calm sea wave profile are more frequent, the energy production
is more or less not remarkable while the wavy days akefeerin a year considering the Ligurian Sea in Savona,

so despite the good quantity of power produced, Sea
of the SPM electric demand.

Conclusions

In this paper an innovative Wave Ener@pnverter designed to exploit the wave energy potential of the
Mediterranean Sea is presented. The SeaSpoon was briefly introduced, together with the monitoring campaign that
is started in Spetember 2015 thanks to the installation of a full scall prototypeGulf of Genova. Starting from

the first data coming from the experimental campaign, a thermoeconomic model of the SeaSpoon was realized in
order to evaluate its connection with an already existing smart polygenerative microgrid and how itsicstochas
production can influence the management of the energy district.

Consorzie LaMMA wWw3 3km — WRF ECMWF 3km
Init.: Tua, 22 MAR 2016 00 UTC Valid: Tua, 22 MAR 2016 14 UTC T=+14h
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Fig. 9. Example of the wave significant height distribution in the Ligurian Sea

At the end of this analysis performed with the software WECOMP it is possible to say th&rthetion of a WEC

with a Smart Grid in this kind of scenario (the city of Savona) is almost negligible as the most of the days of the
year the energy produced by SeaSpoon is not remarkable due to the calm condition of the sea (Fig.9). Nevertheles:
it is worthy to underline that, during the rare days of wavy and mderate sea, the contribution of the WEC farm
reduce the amount of energy purchased from the electrical National grid.

The energy production is not remarkable because the area consideredifistathtion, in front of the city of
Savona, is characterized by very low waves, less than one meter of significant height for the most of the year.
Moreover the offidesign performance of the machine strongly reduce the producibility of the machioelgdyti
considering smaller waves.
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In the end, the integration of such this generation in the Savona Campus Smart Polygeneration Microgrid would
be possible, as in the 83 days per year with a significant wave potential, it is possible to producesharewll

easily integrable and manageable energy. This integration can not, however, appear very affordable and
remunerative due to the reduced production in the designed area. Particularly in summer, when the electrical
demand increases and the CHP upitsduction is not remunerative anymore because of the reduced thermal
demand and the RES generators production could be
significant amount of energy.

This paper presented the modelling and analysih@fWEC as well as its contribution to the campus SPM.
Nevertheless, given the negligible size of the WEC compared to the total size of the SPM it should be expected
that one SWEC woul dnét offer an att r aamofithe WEGQTThei ne s :
contribution of WECS for energy district can be interesting for isolated contexts like islands with significant wave
potential where this kind of renewable generators can increment the energy independency of the island and the
reductionof their use of fossils. In order to develop an attractive exploitation of these generators, it is important to
take into account the cost of electrical connection of these open sea units with the shores, reducing as much as
possible.

Other possible used such this WEC can be searched in renewable stime power generation systems, useful

in isolated communities or to recharge AUV vehicles (Autonomous Underwater Vehicle) [Di Fresco et al. 2015]
particularly thanks to the submerged installation ofgidweerators.
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Abstract. Cooling demand in buildings is globally increasing, therefore developing more efficient cooling systems is important for the
sustainability® Eur opean cities. Directive 2012/27/ EU of the European
States should carry out a comprehensive assessment of the potential #ffibighcy cogeneration and district heating and codling T h e
EU project INDIGO is investigating this issue considering also the economic efficiency and the use of renewable enesgy source

In a district cooling system different kinds of cooling production can be combined. E.g., the use of absorptionvithiNeaste heat or
through the solar cooling or the use of free cooling (generally the heat is rejected to seas, lakes, rivers or waterlag $asiibility of

a more sustainable way of cooling. Controlling those systems in an efficient way ipkex@moblem (consider that the cooling demand is
much more difficult to predict than the heat demand, particularly the peaks, and sources such as the solar energytarttetiteaveasot
predetermined by the designers).

The main results of INDIGO wilbe the development of:

- predictive controllers (responsible for obtaining the HVAC systempaiats and based on component dynamic theffinis models,

some of them also including embedded-tedining algorithms);

- system management algorithms (feed on energy efficiency maximization or energy cost minimization);

- an opersource planning tool (based on design and performance parameters as well as simulation and optimisation results; LGA framewor
will be used as a method for both economic fedgitahd climate impact assessment).

7INDIGOhasrecei’ved funding from European Unionds Horizon 20
agreement nA 696098.

The article reflects the views only of the authors, and the Commission cannot be held responsible for any use which may be

made of thenformation contained therein. The information in this document is provided as is and no guarantee or warranty
is given that the information is fit for any particular purpose. The user thereof uses the information at its sole ré&kliyd |
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To validate the results, the consortium is analysing case studies, both through energy modelling and tisitaighsamvations and
measurementsThe presenpaper focuses mainly on the development of dynamic emeoghels and on their use in the context of the
project.

Keywords: energy efficiency, predictive controllers, new system management algorithms, new planning tool, more efficient district
cooling systems, energy models

Referenceto this paper should be mads followsPasserini, F., Sterling, R., Keane, M., Klobut, K., Costa, A. 2017. Energy efficiency
facets: innovative district cooling systerEsitrepreneurship and Sustainability Isspigstrepreneurship and Sustainability Iss4é3):
310-318http:/Mdx.doi.org/10.9770/jesi.2017.4.33(6

JEL Classifications: C63,C88
Additional Disciplines Mechanical Engineering

1. Introduction

Energy efficiency issues are widely discussed in scientific literature@gsgiuset al . 2013; 24 pi ns Kk
Tvaronavi | i eféaradn ai.|Strieolksket@ll 216 Directive 2012/27/EU of the European
Parliament and of he counci | on energy efficiency states: i
assessment of the potential forhighf f i ci ency cogeneration and district
t hat is funded by t he Esearchmeddanmovatan iprognainand lisonveistigating the 0 2

improvement of the district cooling systems. It started in March 2016 and is going to last 42 months. The importance
of the development of efficient cooling systems is clear if we consider that:
- acording to different prognosis the cooling demand in the EU27 countries will increase significantly in the
next decadesRESCUE Project. 2013)
- due to the cooling demand, often in city centres and in commercial areas the electricity peak loads appear
during the summer seasoréderiksen, S.; Werner, S. 2013
The management of cooling systems shall consider that providing cooling efficiently is more difficult than providing
heating.
The cooling demand is more difficult to predict than the heat denkaetdkfiksen, S.; Werner, S. 2013 cause it
depends on different factors that can change qui ckl
heat islando effect. Since the cool ed ncstheasaaeradiatton e g €
has a large influence on the cooling loads, the daily load variation is rather large for district cooling systems.
Moreover, temperature differences between the supply water temperature and the return water temperature for
distictcmol i ng (DC) networks are generally around 8AC,
usually greater than 40AC. For district cooling sys
of the energy requirements for ppimg.

In a district cooling system different kinds of cooling production can be combined. E.g., the use of free cooling
(generally the heat is rejected to seas, lakes, rivers or waterways) or the use of absorption chillers with waste heat
or solar heat fber the possibility of a more sustainable way of cooling. Controlling those systems in an efficient
way is a complex problem (sources such as actual solar energy are not predetermined).

The goal of INDIGO is to provide tools that can help the desigmershee energy managers that deal with district
cooling. The project deals with all the parts of the system: generation, distribution, storage, and demand. In order
to facilitate the proper control of complex systems, one of the main results of the wibjbetthe development

of predictive controllers. They will be responsible for obtaining the HVAC systepogais and will be based on
component dynamic thermfilid models, some of them also including embeddedisathing algorithms.
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The control sgtem will consider an innovative system management strategy which will take in account both the
energy savings and the costs.

To assist the designer s6 wodsdurce plaiwibg taslQOt will be bgsed on designo  d
and performane parameters as well as simulation and optimisation results. The LCA framework will be used as a
method for both economic feasibility and climate impact assessment. A library with tfeitndynamic models

of DC System components will provide the desigraetailed information about the systems.

Next sections of this paper focus on the project demonstration site (section 2), energy modelling approach (section
3) and conclusions.

2. Project implementation in a real pilot district

The results of INDIGO are going to be validated in a real District Heating and Cooling (DHC) installation, i.e. in
theBasurto Hospital, in Bilbadhe hospital is divided in about 20 buildings and belongs to Osakidetza, the public
health service of the Bgue Country. Heating and cooling demand of the hospital is satisfied thanks to a DHC
installation connected to a trigeneration plant (electricity, heat and ddld)DHC system was installed in the
hospital site in 2003 by GIROA, and extended in 201R@A-Veolia currently owns and operates the system and
also the HVAC systems in the buildingdowadays the trigeneration plant consists of 2 natural gas internal
combustion engines of 2MWe (each), some natural gas backup boilers, and 2 absorptioplabilezsnventional
chillers for cooling purposes.

The cooling demand is very stochastic since it depends on the number of programmed surgeries (operating room
usage), rooms occupancy level, as well as on the weather data.

Fig.1. A case study: thBasurto hospital in Bilbao

Source: www.irekia.euskadi.eus
In the Basurto hospital the actual impact of the predictive controllers and of the innovative management strategy is

going to be tested. As a first phase, the test will be through simulatioassé&®nd phase, the results of INDIGO
will be implemented and measured onsite.
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3. Energy modelling approach

Different partners of the consortium are developing different parts of a model that regards the buildings and all the
components of the D€ystem. The different parts are:

1. generation systems;

2. distribution and storage systems;

3. HVAC systems inside the buildings;

4. thermal behaviour of the buildings, internal loads, and building use.

The first three parts are being developed in Modelicapilmh one in EnergyPlus. They are going to be integrated
through the Functional Moelp Unit (FMU) for cesimulation (Nouidi, T.S. 2014). The coordination among the
energy modellers of the different parts is anyway fundamental in order to avoid probtemmeerfaces between

the different parts. E.g. the thermal zones are created by the energy modeller who is responsible for the building but
they will affect also the model of the HVAC system inside the building. Other interfaces are between the differe
parts of the HVAC system (generation, distribution,

The integration of different tools can permit the exploitation of their different capabilities. EnergyPlus is a whole
building energy simulation program. It is a frepensource, and crogdatform. Its purpose is the evaluation of

the energy consumption and comfort conditions relative to the building. In EnergyPlus many models relative to the
building envelope and to the HVAC systems are available and already kstidica is a free modelling language.

It is componenbriented and it is more flexible than EnergyPlus. It can exchange data also with Building
Management Systems (BMSSs).

The energy modellers are collecting the data that are needed for their wofikstlin@ldings of the hospital were

erected during the first decade of the 20th century while the newest buildings were built about ten years ago. Since
the situation is very variegated (from the point of view of the construction techniques and ofl#ieadata), the

data collection is based on many sources: datasheets, design information (for the newest buildings), drawings,
monitored data, equipment tags;site measurements, contacts with the facility manager and with the occupants.
Since a BMS ipresent, some monitored data are stored and available through that system.

A monitoring plan for the envelope properties was developed and is going on. Since the project regards the cooling
systems, a monitoring campaign is carried out during the suseason. Another campaign is going to be carried

out in winter, which is the most appropriate season for some tests (e.g. for the detection of thermal bridges with the
thermographic camera and for the measurement of the thermal transmittance of the emvelopertant
temperature differenca t | e atettveer theAn@rnal environment and the external environment is necessary).

The thermal transmittance and the thermal conductance of the walls and of the roofs is going to be evaluated
according to théechnical standard ISO 98@92014. The thermal flow, the outdoor and the indoor air temperatures

and the surface temperatures are measured and the data, which are stored by a data logger, are going to be elabora
according to the standard. For the suenseason the measured data can help understand the dynamic behaviour of
the envelope. The external surface temperature and the heat flow rates that are obtained as result from EnergyPlu
are going to be compared with measured data. Both the hourly trdritieatotal heat flow in a defined time slice

(in some days) are going to be considered in the comparison. Since in the model of EnergyPlus parameters such a
the solar absorbance of the external surface, its thermal emittance, the thermal propketieyefd that compose

the wall (thermal conductivity, density, specific heat) influence the wall temperature and the heat flow rates, the
monitored data will help in the definition of those parameters in the model.

Since the thermographic camera is useddetecting thermal irregularities in the building envelope, the best
positions of the heat flow meter have been evaluated on the basis of the observations made with the thermographic
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camera. The windows have generally a higher transmittance than oatgiethey have much lower thermal

inertia, and they are the main entrance for the solar energy. Because of these reasons, the properties of the window
are very important for the thermal behaviour of the buildings, particularly during the summer sgaganofeter
measures the solar radiation flux density (\W/and is used for measuring tbaar irradianc®n a planar surface.

If the solar irradiance is measured oe thutside surface of a window and then on the internal surface the solar
transmission factor can be estimated.

The buildings that are part of the Basurto Hospital have pitched roofs. The most external layer is made by shingles,
under which there is anraavity. If the air cavity is ventilated with outdoor air, the ventilation can remove part of

the entering heat, which is mainly due to solar radiation. In order to evaluate the air velocity, a hot wire anemometer
is going to be usedn order to evaluat the air tightness of the building, an innovative test method is going to be
applied in collaboration with the University of Nottingham, which is among the developers of the system. The
system is called APul sed anderdoartest@oapseri H e al.e2015Taeairal t e |
leakages, particularly those ones at the perimeter of the windows, are going to be examined also through the use o
the thermographic camera and of tio¢ wire anemometer.

As for the HVAC systems inside tiheildings, component models for the air handlers (heating coils, cooling cails,
humidifiers, etc.) in Basurto site will be developed in Modelica based on previously existing models such as those
of the Modelica Buildings Library (Wetter, M et al. 2014heTair handlers will be built as a combination of
component models matching the actual configuration of each AHU following the real physical interconnection in
the plant. Given that the main focus of INDIGO is on cooling systems, the components ditketytdi the district

cooling systems (cooling coils and radiant cooling) will be modelled in higher details while any other component
(e.g. heating coil, humidifiers, heat recovery) will be simplified in order to lower model complexity and decrease
simulaton times.

A common set of the physical parameters has been established for every component model: specific heat capacitie:
of water and air, atmospheric pressure and the saturation efficiency. The edpawfit parameters are commonly
provided by thenanufacturesTable2 shows the manufacturer data used for each component (Table 1).
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Table 2. Parameters provided by the manufacturer

COMPONENT PARAMETER
Mixing Box No data required
Heating Caoll Nominal air input temperature

Nominal air output temperature
Nominal air mass flow rate
Nominal water input temperature
Nominal water outputemperature
Nominal water mass flow rate

Cooling Coil/ Nominal air input temperature
Chilled Beams Nominal air input relative humidity
Nominal air output temperature
Nominal air output relative humidity

Nominal air mass flow rate
Nominal water inputemperature
Nominal water output temperature
Nominal water mass flow rate

Humidifier Maximum steam mass flow rate
Steam temperature
Fans Nominal air flow rate
Nominal power
Fan curves

In order to obtain data required to validate the models iertkigonment of the Basurto site, a monitoring plan has

been developed also for the HVAC systems. That monitoring plan requires the measurement of air temperature and
relative humidity before and after the cooling element and also the air flow rate iricoodgermine the amount

of energy delivered to the air. Ideally such data is readily available from the BMS. Also, in order to understand the
relationship between control signal produced by the BMS and the actual actuator (e.g. valve) steady state data at
various operation points (e.g. various valve openings) needs to be recorded.

All models developed will be independently validated using data acquired-sitéeshodels will be simulated and
the results compared to acquired data. The validation withtréed out utilising acceptance testing criteria required
by international standards such as ASHRAE Guidelin2dB2 and the international performance measurement
and verification protocol (IPMVP).

After the models will be validated with measured data, they can be considered a reference point for the development
of the innovative controllers and of the management strategy and the new models that are being developed in
Modelica will be part of ®istrict cooling opersource library(DCOL).

Conclusions

The research project | NDI GO, which is funded by th
developing solutions for the improvement of the district cooling systems.

In the context of theproject energy modelling is an important activity. The detailed energy models that are being
developed consider all the relevant parts of the district cooling system and of the demand side (the building, which
needs the control of the indoor air temperatand, in some cases, of the indoor humidity ratio). The development

of the model is a complex process that involves different phases: identification of the required data, research of the
required data, monitoring, validation of the model.

315


http://jssidoi.org/jesi/aims-and-scope-of-research/

Thelnternational Journal

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 23450282 (onlinehttp://jssidoi.org/jesi/
2017 Volume 4 Number 3 (Marth

In the develoment of the project the energy models are going to help in the development and in the evaluation of
a predictive control system, of innovative management strategies, and of a new planning tool. The results of the
research project could improve the desigd the management of district cooling systems, in terms of efficiency,
economic convenience, and environmental impact.
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Abstract. During last decades, the international community has become aware of the need to adapt to the effects of climate lohange, as t
sensitivity of natural and human systems gained relevance. Europe is one of the most urbanized regions, accountingf@reai8%
living in urban areas. This share, together with the increase of urban land take, has concentrated the fight agaicisantimatecities,

which are considered as one of the most vulnerable areas.

European cities are characterised by a widgeaf cultural heritage, which is commonly located in what is defined as the historic city. In
order to protect urban heritage from a changing environment, emphasis should be given to the integration of consergainennand

urban planning strategieaithin wider goals of local sustainable development.

Historic cities have a great potential in contributing to local economy and enhancing investment climate. Modern corsteategien

need to address a balance between urban growth and quali¢yinfdisustainable way. They should match the interrelationships of existing
building stock, spatial organization, natural characteristics and social, cultural and economic values. Furthermoreo thédnessl a new
generation of strategies, adaptedew climatic scenarios, should be considered as a priority for an effective management of the whole city.
The proposed paper presents research results of the ADVICE project, based on a multiscale approach for the managexteechafigém
impacts orcultural heritage located in the urban context. Vulnerability is addressed for different types of heritage, both abuitamgor

scale, considering their singularities as well as the context in which they are included. This will permit addreesgmaltheban scale,
together with data at structure level. Adaptive measures in general can be of a preventive character and improveetetikynzanyalso

offer preparative support when dealing with the anticipated effects of climate changeranteeents. In order to be effective, they need

to be addressed according to the typology of object to be protected and to the scale of the impact or disaster ttgey are facin

Vulnerability mapping is one of the first steps in clarifying the challengg@shaclimate change pose for a city and its stakeholders.
Assessment of climate change impacts and vulnerability vary widely, depending on the subject, time frame, geographa&ntbparpgse

of the assessment. KPIs are therefore needed to addresethkas well as the specific vulnerability and exposure for risk scoring, in order
to propose effective adaptive measures.

Information is supported by a data model for the creation of an evidesesl decision making platform, which will contributeatmore
educated and datériven decision making process. This will permit eliminating one of the barriers to the effective implementation of climate
change adaptation strategies by cultural heritage managers and public authorities.

8 This regarch was supported by the project ADVIQfrastructure and buildings adaptation to climate change, which has
received funding from the Basque Government
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1. Introduction

During last decades, vulnerability of cities towards climate change has become evident and the need to adapt to new
challenges gained relevance. In order to limit negative effects of climate change, mitigatioised on the
reduction of geenhouse gas emissionbas been addressed worldwide. Nevertheless, mitigation strategies have
resulted as insufficient and major efforts are required. According to the IPCC, adaptation is a necessary strategy at
all scales to complete climate change gaition efforts.

Climate change has become an increasing urban problem, as the growth in population and urban land take contribute
to citiesd vulnerability (. Beyond physical ri sks,
eventsgities will have to face challenges related to specific secamomic and cultural conditions. The impact on
historic cities, which are already facing major functional, environmental andeomimmic problems (e.g. ageing,
physical and functional obs@eence and lack of economic development), may lead to accelerated degradation or
loss of cultural heritage. Cultural heritage, comprising its tangible and intangible components, constitutes a key
resource for local communities and accounts for complexaictiens which need be addressed in urban planning
practices. Historic cities are required to respond to new needs by transforming themselves into resilient systems.
Besides, conservation, which is based on the management of change, should considactheficipnate change

as one of the most significant global challenges today.

I n i ts ¢ onmmBiUW strategy oncadaptdiion to climate chaige [ 1] , the Commi ssio
urgency for implementing adaptation measures to deal with climateisnpa vulnerable sectors, reaffirming the
commitment to promote urban adaptation strategies. Cultural heritage, as a sensitive element in the urban context
needs specific tools and methodologies for its inclusion, as a fundamental feature, in theitwhdimate
adaptation strategy.

Climate change adaptation has broadened its concept, shifting from the management of the direct manifestation of
climate change hazards, to rHisised approaches. These incorporate an assessment of vulnerability aryl tcapaci
adapt to hazards. Vulnerability assessment is often based on a large scale and buildings are not considered as pa
of the urban environment. Besides, conservation is often developed on the operational scale of a monument or site
Management of cultal heritage requires an urban approach which considers all the elements and buildings as part
of the urban environment. This paper presents the results of a research integrating the operational as well as the
urban scale, through the development of amiitee risk assessment method. Multilevel indicators (urban, building,
element) have been developed, according to the procedure established by the IPCC, which considers hazard
vul nerability and exposure. The anmehtyalaws mappng the | e me
vulnerability to climate change hazards and developing complex adaptation strategies.
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2. Climate change risks evaluation and impacts on cultural heritage

Risks on heritage sites are dependent on nature, specific entans, inherent vulnerability and geographical
location.

In cultural heritage it is possible to differentiate two main typologies of risks: on the one hand, the ones considered

as chronic, which produce a cumulative degradation. On the other hamtethesually known as catastrophic,

which occur accidentally and generating severe damages which may lead to the loss of cultural heritage. As a
consequence of climate change, both chronic and catastrophic events are increasing in frequency and intensity
leading to new or accelerated degradation mechanisms and increase in cultural heritage losses respectively.

Damages to cultural heritage have gone from being an extraordinary event to become a continuous threat. For this
reason, heritage managers arecéor to develop new mechanisms to provide an appropriate response to these
challenges. The concept of cultural heritage has broadened considerably since the definition provided by the Venice
Charter of 1964 [2]. Nowadays, it includes environmental andldactars and, its preservation, stands away from

the past conservation practice as an end. In 1975, the Charter of Amsterdam [3] introduced the concept of
"integrated conservatidn stating that the conservation cannot simply be limited to the built xtprtet must

include protective measures, modification or implementation of uses and activities that take place within the built
physical environment . Further mor e, t he UNHESLOitsDecl a
manifold expresens ranging from cultural heritage to cultural and creative industries and cultural tourism, is

both an enabler and a driver of the economic, social and environmental dimensions of sustainable development
Conservation has traditionally been dealing vd#terioration mechanisms related to materials and works of art,

but has rarely been applied to the establishment of preventive interventions related to climate change. Nevertheless
the increasing number of extreme events is already affecting cultuitajeer

Integrated urban development has become increasingly important in many Member States, principally as a
consequence of the adoption of the Leipzig Charter on Sustainable European Cities in 2007. The charter declares
t h alt diménsions of sustainEbdevelopment should be taken into account at the same time and with the same
weight. These include economic prosperity, social balance and a healthy environment. A holistic approach is
essential in order to reveal the potential of European cities ingexhtultural and architectural qualities, social
integration and economic development Gi ven t hat cul tural wurban herita
human communities, the priority for an effective management of the whole city is to davetegpgeneration of
strategies that provide mechanisms for balancing conservation and sustainability in the context of a changing
environment.

The following table shows how climate change and related hazards may impact on cultural heritage assks, structu
and artefacts:

Table 1.Climate change and related hazards impacts on cultural heritage

Climate change effects Risks Impact related to cultural heritage
1 Progressive abandonment of urban areas an
historic buildings due to temperature increas

fHeat waves and

Social ) >
1 Increase in global extreme temperatures 1 evacuation of coastal urban areas due to soi
temperatureg 1 Coastal flooding (sea erosion
rise level) . 1 Decrease in tourism and related activities;
9 Economic and/or . ) ;
1 Drought energy demand increase; economic losses f

environmental

heritage managers and/or insurance compar
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Climate change effects Risks Impact related to cultural heritage
9 Temperature and
humidity fluctuations 1 Material and structural decay (cracking,
and hygrothermal 1 Physical detachment, fungal growtbdegradation of
Cyclesincrease materi al and biogeni

loss of cultural heritage

1 Evacuation; loss of identity and common

1 Social values; progressive abandonment historic

1 River or inland flooding buildings due to poor comfort parameters
1 Landslide 9 Economic and/or | § Economic losses for heritage managers and
1 Increase in intense 9 Extreme precipitation environmental insurance companies; energy demand increg
precipitation events (rain and snow) and 1 Material decay (fungal growth, degradation g
cold waves material, biogenic patinas and deterioration ¢

1 Increase in humidity movable heritage). Partial damage or

atmospheric level T Physical destruction of cultural heritage structures an
artefacts; structural damages due to increasg
loads (snow...)
1 Social 1 Evacuation. Loss of identity and common

values

1 Economic losses for heritage managers and
insurance companies

1 Partial damage or destruction of cultural
heritage structures and artefacts

9 Increase in the number

of extreme storm event 1 Intense gust of wind 9 Economic

9 Cultural

Source:Tecnalia (2014)

In order to build a common analytical framework and link different disciplines, research has applied the adaptation
planning concept (Effectgulnerability-Adaptationimplementation (EVAI) model). It started from exploring the
expected impacts of climaté@nge on cultural heritage, including chronic degradation mechanisms but also the
increased risk of extreme events and hazards. It continued with an assessment of the vulnerability of heritage within
the urban context and followed with the consideratiometdévant and applicable adaptation solutions and the
conditions for their implementation. The use of common frameworks is needed to understand the nature and scope
of these challenges, to identify problem drivers and their interconnections.

Many approabkes related to the conservation of cultural heritage are still linked to geographically limited sites or

to a group of properties. Cultural heritage sites are seen as belonging to the past, disconnected from the present an
from each other. Neverthelessban heritage is a living and dynamic part of the city, an element of the overall
urban setting. Modern conservation strategies need to find a balance between urban growth and quality of life in a
sustainable way, matching the interrelationships of bujldbock, spatial organization, natural characteristics and
social, cultural and economic values. In order to support the protection of urban heritage in a constantly changing
environment, emphasis should be given to the integration of conservation maniagihie wider goals of overall

local sustainable development.

In order to provide integrated urban governance dynamics and identify key values in urban areas, a multidisciplinary
approach involving different crosection stakeholders and decision nmakeneeded. Furthermore, the uncertainty
about the severity and timing of climate change impacts requires an iterative risk management process, involving
different skills and knowledge, in a complex decision making scenario.

The assessment of climathamge impacts, vulnerability and adaptation has been addressed according the risk

management process, which involves exploring, making and acting on decisions under conditions of uncertainty.
Decisions in relation to climate change cannot be static, butdbe based on an iterative process, learning from

and taking advantage of new information, for the inclusion of corrections. The ADVICE project considers, as part
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of the methodological framework for climate change assessment, the iterative risk marniggeness proposed

by the IPCC [5]:

Review
& learn

Monitor

Identify risks,

vulnerabilities,
& objectives

Implement
decision

/

Establish decision-
making criteria

7

Identify

o / optors\

Assess

Evaluate
tradeoffs

-

W

risks

Fig.1. Climatechange adaptation as an iterative risk management process

Source:lPCC (2014) AR5, wal

3. Methodology for risk assessment in historic cities

The IPCC highlights several representative key risks for each region, assessed according to three timeframes
scenarios. It identifies, in each region, the current existence of adaptation deficits as well as the future potential for
adaptation and limits tadaptation.Research activities described in this paper, focus on hazards and impacts
identified as critical for Europe:

1 Temperature variationsn Europe, there will be a marked increase in extreme temperatures. Projections

confirm an increase in thedjuency of warm days and night, duration of heat waves and the decrease in
the frequency of cold days and night. Daily and seasonal variations of temperature directly affect cultural
heritage as freezinthawing cycles induce thermal stress, accelerateadagon and mechanical damage

to materials, reducing their lifetime. This effect will also have consequences on relative humidity variations,
which can lead to an increase of several degradation mechanisms, such as efflorescences or
biodeterioration. Heatnd cold waves will also intensify the use of-@nditioning and heating
consumption, increasing the energetic demand.

Precipitation and sea rise levehanges in extreme precipitation in Europe depend on the region. It is
demonstrated that NortherndaContinental Europe will register an increase, while in Southern Europe it

will depend on regions and seasons. Extreme sea level events will increase, due to the global mean sea leve
increase, while storm surges will vary along coasts. Climate chapggjested to affect the hydrology of

river basins. According to these data, extreme precipitation and sea rise level can be directly related to
hazards, such as coastal, river and pluvial flooding. Damages related to cultural heritage depend on the
intensty of the hazard, as well as on the exposure and vulnerability, varying from moisture and humidity
contents variations to flooding.
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1 Windstorms Several studies project an overall increase in storm hazards, but variations in frequencies are
large. Curratly, there is lack of information on these types of events; nevertheless, structural damages in
cultural heritage have to be addressed, as they can lead to significant losses.

In order to assess the vulnerability of cultural heritage towards thesa$rgaet of indicators has been established.
These were designed according to different typologies: quantitative and qualitative indicators, simple or compound
indicators and indirect or fAproxyo i nidatocsartegistiggandOn e
available information, using open data at local level. The methodological framework was developed with the main
premise of integrating cultural heritage within other existing approaches of adaptation planning, in order to
strengthenhe overall adaptive capacity of cities.

Indicators have been divided in different categories and respond to a specific hazard:

1 Exposure indicators evaluating if a system or element will face an impact or stress factor. They are
designed to determiriba certain type of heritage, due to its location, can be threatened by climate change
impacts or hazards.

1 Sensitivity or susceptibility to harm: is the grade in which a system, sector or element is affected by the
climatic changeability or extreme evehbth in a positive and negative way.

9 Adaptive capacity. capacity to cope and overtake the effects. Is the ability of systems to assume the
potential effects of climate change, taking advantage of the opportunities or overtaking the consequences.

Risk assessment has been developed using the integrated value model for sustainable assessmeif®,NIVES)
which is base@n the establishment of a requirement tree, value functions and analytic hierarchy process (AHP)
[8]. The tool can be used to compareiables with different units and taking into account the relative importance

of the considered aspects.

With the objective of identifying the most vulnerable buildings to climate change impacts, the following
requirement tree was developed:

Table 2. Requirement tree for historic buildings vulnerability

Requirement Criteria Sub-criteria Indicator

1 State of conservation

9 Year of construction

1 Building 1 Basement, type of ground floor, expansion jointd

q Use

9 Cultural value

1 Sensitivity 1 Built environment
1 Type of roof
9 Material
1 Envelope
1 Colour
9 Orientation
9 Equipment 9 Drainage system, shading systems
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T HVAC

9 Foundations

q Structure -
9 Material

9 Previous interventions

1 Built environment 1 Emergency plans

1 Ordinary maintenance

1 Adaptive capacity 1 Number of dwellings

1 Older people

1 Socioeconomic —
1 Economic situation

9 Vacancies

9 Urbanisation

1 Risk tendency

9 Waterproof surface

9 Street width

1 Exposure 9 Built environment

9 Green areas

1 Proximity to river/coastal areas

Source:Tecnalia (2015)

Weights have been assigned starting from indicators [9], through the establishment of value functions based on
mathematical elements, in order to identify the most or less vulnerable parameters. The value function has the
objective of transforming an attribute to a comparable variable comprised between 0 and 1. Each indicator has its
own value function assigned. Weights can be determined through AHP or through a direct scoring, by the use of a
pairwise comparison, which edtishes how much an element is important compared to another element.
Subsequently, based on this assessment, weights are determined through the development of a matrix calculatior
Criteria and requirements were also weighted through AHP, relating tmdiaander the same criteria and criteria

under the same requirement. Indicators will be included in an urban data model to facilitate the visualization of
most vulnerable areas. The risk assessment methodology is used to prioritise interventionsfaredtie avost

suitable adaptive solution for the historic building urban stotkhi& moment, the research project is focused on

the validation of the risk assessment methodology by means of statistical methods, which will allow verifying the
adequate gection of indicators and the robustness of the methodology.

Conclusions

This paper focuses on the research project ADVICE (Infrastructure and buildings adaptation to climate change),
funded by the Basque Government. As part of an integrated risk assessment methodology, specific indicators to
evaluate the vulnerability of higio buildings have been addressed. The MIVES model has been identified as the
most appropriate for this kind of decisiamaking process, which involves different backgrounds and skills of
stakeholders. Fintuning of the methodology still need to be addessby the use of statistical analysis. Data in
historic cities are complex and involve a large amount of variables. For this reason, the methodology is accompanied
by a 3D data model, based on CityGML, for a proper and friendly data management. Riskasssbould
consider also the integration of simulation tools which might enrich the information used, especially in the selection
of adaptive solutions. The use of a holistic model, capable of integrating all this information will be addressed in
furtherresearch, in order to guarantee its success in several historic cities.
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Abstract. REMOURBAN is an European project whose main objective isdénelopment and validation in three lighthouse cities
(Valladolid-Spain, NottinghartJK and Tepebasi/Eskisekliurkey) of a sustainable urban regeneration model that leverages the
convergence area of the energy, mobility and ICT sectors in order to atcéheraleployment of innovative technologies, organizational
and economic solutions to significantly increase resource and energy efficiency, improve the sustainability of urbaratrdrspstically
reduce greenhouse gas emissions in urban areas.

For developing this model, REMOURBAN is implementing several strategies at city level based on: the creation of a holigtie cdtalo
innovative technologies and solutions on energy, mobility and ICTs favouring the replicability, the identification aothewsroon
technical barriers, the development of new integrated business models oriented at the creation of a European marleatioioaimshdve
definition of a complete evaluation procedure using sustainability and smartness indicators.

This urban raovation strategy is focused on the citizens, where they become the cornerstones to making a smart city a realitggeaor, this re
citizens are being actively engaged in REMOURBAN and the population awareness about energy and environmental impdatlpf their
activities are increased.

In order to ensure the usefulness and high replication of the REMOURBAN project at European level, the sustainablenetziomege
model is aimed at the decision makers, investors, public administrations and the indestoa Furthermore, in order to ensure this
replicability, two follower cities, Seraing (Belgium) and Miskolc (Hungary) are involved in the project so they can agplxetbped model

once it is validated. The project will allow demonstrating thatnbgns of improving the current conditions of a city, it is possible to achieve
low energy districts and more sustainable urban transport, as well as to perceive a greater quality of life. REMOURBAIN{dbus on
improving the energy efficiency, radtion of GHG emissions, refurbishment of districts, transport sustainability, access to urban information
and citizen engagement.

This research was supported by the project jzon2d20 resharch andinnovatore i v e d
programme under the grant agreement®@®511

The article reflects the views only of the authors, and the Commission cannot be held responsible for any use whichdeayf leema
information contained therein. The émmation in this document is provided as is and no guarantee or warranty is given that the information
is fit for any particular purpose. The user thereof uses the information at its sole risk and liability

328


http://jssidoi.org/jesi/aims-and-scope-of-research/
http://jssidoi.org/jesi/

Thelnternational Journal

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 23450282 (onlinehttp://jssidoi.org/jesi/
2017 Volume 4 Number 3 (Markh

A big impact across Europe is intended to be achieved by the REMOURBAN project results at European level, showing the model f
sustainable urban regeneration can be easily applied and repligétedthe aim at maximizing the impact of the project results,
REMOURBAN is deploying a powerful communication and dissemination plan that integrates a citizen engagement stratsgyaatetih

to disseminate the benefits of the project to a wide variety of audiences.

Keywords: Smart city, regeneration, replicability, energy efficiency, mobility
Referenceto this paper should be made as followsa r-E & ant es, M. C. , 7. Towardd smarteeand n®re suatliriable

regenerative  cities: the REMOURBAN model,Entrepreneurship and  Sustainability Issues4(3): 328  338.
http://dx.doi.org/10.9770/jesi.2017.4.33(8

JEL ClassificationsR11, R41, R51
Additional disciplines: urban planning, architecture, environmental engineering.

1. Introduction

REMOURBAN is a largescale demonstration project, whose purpose is to accelerate the urban transformation
towards thesmart city concept taking into account all aspects of sustainability. Energy, transport and ICT sectors
are essential for the dag-day of the city. These sectors are widely considered as potentially appropriate to achieve
economic and societal benefilsecoming a key towards improving the quality of life of the citizens, and
representing most of the interrelations between people and technology. A big challenge to offer new
interdisciplinary opportunities to strengthen the potential to become smart@oamdustainable cities is still open

in the common area where energy production, distribution and use; mobility and transport; and information and
communication technologies work together.

To deal with these challenges, Sustainable Urban Regeneratioeldvloe needed, defining an integrated and
holistic process to transform the city ecosystem with a jointly focus in the fields of sustainable buildings and
districts, sustainable urban mobility, and integrated infrastructures and processes. This isBM@LRBAN is
working to provide a replicable model which delivers solutions in both technical arctorical related fields
addressing the temporal goals, the main Smart City enablers within the transformation igmeasts a more
sustainable and smar environmert, and innovations in the priority actions of energy, mobility and ICTs.

This urban regeneration model will be developed and validated in three lighthouse cities (VaBadotid
NottinghamUK and Tepebasi/Eskisekiturkey) accelerating he deployment of innovative technologies,
organisational and economic solutions to significantly increase resource and energy efficiency, improve the
sustainability of urban transport and drastically reduce greenhouse gas emissions.

Besides the lighthousaties, two cities are involved in the project with the role of follower, Seraing in Belgium
and Miskolc in Hungary. These cities allow increasing the European dimension of the project and its replication
potential. In order to achieve this objective, ethhodology for the replication of this urban regeneration model is
being developed from the three main lighthouses to the follower cities and from there, to any other city in Europe,
as a holistic strategy for city transformation and planning, integraliitige existing strategies for energy, mobility,

ICTs and citizen engagement.

2. An Integrated Urban Regeneration Model
The main goal in REMOURBAN is to provide a Sustainable Urban Regeneration Model that defines a holistic
process for urban transfortian with a jointly approach in the fields of Sustainable Buildings and Districts,

Sustainable Urban Mobility, and Integrated Infrastructures and Process. This model provides solutions in both
technical and notechnical fields addressing the temporal gpdahe main Smart City enablers within the
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transformation procesigtowards a more sustainable and smarter envirorimgmd innovations in the priority
actions of energy, mobility and ICTs. The Urban Regeneration model covers the four main phases yof the cit
transformation process, which are linked to the specific actions and the Smart City enablers, being:

T City audit is the first phase of this model, aiming at implementing a set of integrated existing methods and
tools that can support the evaluation @& turrent conditions of the cities in which the Sustainable Urban
Regeneration Model will be implemented.

9 Actions design The objective of this second phase is the definition of the specific interventions or actions
that will be undertaken in the city. #&f the analysis of the information collected in the first phase, it will
be proposed a solution according with the expectations about energy savings and costs. This is-a decision
making process.

1 Implementation. The actions designed in the second phase will be implemented and commissioned,
covering all fields involved in this urban transformation. In this phase, the deployment of the monitoring
program will be key to allow gather the necessary information fesabgy the impact of the intervention
in the following phase.

1 AssessmentThis last phase is in charge of assessing the impact of the interventions following evaluation
protocols and using the information gathered during the implementation phase. Egaliligion, the most
appropriate KPIs will be selected in order to assess the sustainability and the smartness and some specific
parameters as the energy consumption; €&assions reduction, reduction of the journey delays, even the
social acceptance te final users and citizens.

The toolkit of solutions and methods needed to transform cities into smarter and more sustainable ecosystems, anc
integrated through a Sustainable Urban Regeneration Model, is designed with the capability to be adapted and
implemented in a wide range of European Cities, focusing on their specific goals and targets, and the boundary
conditions that characterize their environment.

D

Q Sustainable Urban Mobility

Sustainable Districts & Built Environment

Integrated Infrastructure and Processes

ACTIONS

.
TEMPORAL GOALS

Fig.1. Sustainable Urban Regeneration Model
Source:prepared by the authors

\
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Urban Transformation actions: addressing energy, mobility and infrastructures challenges

To ensure city transformation is holistic, it is necessary designing-seatibrial actions that allows achieve more
ambitious goals. Most opportunities for city transfation are in energy, mobility and ICT sectors. In fact, itis in
the common zone in which these three sectors could act jointly where is possible to find relevant impact.

9 Urban districts and built environment. Energy sector, considering the energy supgistribution and
use (mainly in buildings) is a sector with a big impact in city sustainability. A set of actions focused on
increasing the overall energy efficiency of a residential district will be developed encompassing the
retrofitting of a residentiaarea towards a low energy district, the installation and connection of the heating
and cooling systems to a centralized one with a high ratio of generation with renewable energy and the use
of advances building energy management systems to automaticadifor and control the main facilities,
devices and services at district level.

1 Urban transport. Taking into account the mobility sector has a very important impact on quality of life,
some sustainability mobility actions will be carried out in ordasrémte a new culture of urban transport.
In this field, the use of cleaner vehicles will be promoted and clean power for transport will be improved
using electric or hybrid vehicles and charging infrastructure. The logistics supply chain inside ctties (las
mile delivery) will be enhanced and alliances that use open data will be supported to ease the deployment
of demaneresponsive and integrated mobility services which help minimize energy consumption.

1 Integrated infrastructures and processesBYy taking alvantage from the ICT sector that is fully integrated
in cities, a platform to integrate information and deploying added value services for the grid management
and traffic systems will be deployed. ICT sector will enable the deployment of integratiegissaif the
urban infrastructures with a variety of targets, for instance empowering people to interact with
infrastructures, enabling people to become a sensor within overall city infrastructure systems through
mobile devices as ubiquitous means, engblinb usi ness cases based on the
infrastructures.
In the project, each city will use its own Local ICT platform with the main goal of monitoring all the devices
exiting in the city for the project and a Global ICT platform Wil used to consolidate the data from these
local ICT platforms. Due to the key goal of the REMOURBAN project being its replicability to other cities,
a platform with a common model is needed which defines and manages a set of parameters and indicators
for assessing the success of the project. This platform is the city integrated infrastructure and this city
integrated infrastructure will be created and deployed in the Global ICT platform.

Urban transformation enablers: managing, evaluating and financinghe Smart City

1 Management framework for the urban regeneration.lt is necessary to optimise the current regulatory
framework developing new forms of smart city policies and regulation or optimizing of the existing
documents. Moreover, a strategy will beveleped for innovative public procurement procedures.

Aspects such as human and social capital, equity, diversity, accessibility, safety, health or quality of housing
and the built environment will be taken into account. These will be considered whemgieity
transformation strategies and designing specific actions, as well as when assessing the achievement of goals
at the end of the process. Development of new strategies for favouring the transition to Smart Cities,
integrating existing urban plans camedefine them in a common and unique sustainable urban plan
(mobility, energy, ICT,..), that would implement a holistic strategy with the objective to transform the city
and to make it smarter.
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1 Evaluating the urban regeneration An evaluation frameworks defined in order to assess the
sustainability and smartness of demonstration cities involved in the project. This framework allows
estimating the effect of the urban regeneration model and the intervention plans for the demonstration cities.
Monitoring and evaluation procedures allow quantifying the actual impact of the renovations in order to
reduce investment risks, improve the benefits perception and favor the replicability.

1 Financing the urban regeneration.Understanding the current status of thiy eiconomic ecosystem is
essential to define find out suitable economic models for the city transformation, in which a combination
of innovative schemes of Public Private Partnerships can be drivers for the implementation of the model.
Smart Cities requirlarge amounts of investment to be realised and capital invested in this sector will likely
grow every year for decades. Several financial instruments are necessary in order to support these
investments. Some financial schemes are already available tdaddnmvestments in smart cities and,
more generally, energy efficiency projects. In this field, innovative financial schemes and business plans
for each of the pillars of the project will be developed in order to get that most of the possible intesventio
can be feasible.

3. Validation of the urban regeneration model

The Urban Regeneration Model is being validated in two phases, consisting the first one consists in a large scale
demonstration strategy of the potential that the proposed model offardbtor regeneration to deploy integral
actions in the areas where energy, mobility and ICT sectors are intimately linked. In particular, the retrofitting of
an existing district for reducing energy demand to very low values, improving the generatidiedaanild the

supply of energy for a better use of the local resources (use of renewables) and higher efficiency (use of district
scale systems), in order to achieve | ow energy dis
substitute a hig number of conventional vehicles by clean vehicles, improving in parallel the associated
infrastructures and the management (for instance electrical vehicles and charging infrastructure) and finally
improving through ICT solutions the management of sohtieeocity infrastructures, as the smart grids or the traffic
management systems. Moreover, a financial and feasibility plan has been developed in order to guarantee the
investments and the return of them. The lighthouse cities also commit the deplofragmiveerful monitoring

system, in order to gather the necessary variables for the evaluation procedure that is being designed. Further tha
the technical actions, these interventions will include a relevant citizen engagement activity for maximizing the
impact and achieve a wider validation.

The second phase consists in ensuring the model replicability. REMOURBAN has involved from the very beginning
other two cities as followers, Seraing and Miskolc, whose mission is twofold: they will ensure thagargneder

of use cases are represented in the designing phase, and that the model is properly developed and it is usable eve
to address some very specific aspects of the cities.

4. Large scale demonstration in three lighthouse cities

The deployment andalidation of the sustainable urban regeneration model is being carried out through three large
scale demonstrations in the aforementioned three lighthouse cities, which are committed to deploy very ambitious
holistic interventions, well balanced in terofsactions on energy, mobility and ICTs, that will be fully monitored

and properly assessed.

The first demonstration is being carried out in Valladolid (309,000 inhabitants), a meiderinity located in Spain.
The demonstration aims at the reductiorb6% of the energy consumed and 80% of the €dissions, and
involves actively more than 5,700 citizens. The demonstration consists on the renovation of 398 dwellings (total
24,600 n), the implementation of renewable energy in the district heating sytereployment of 45 electrical
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vehicles, 5 electrical buses and improvement of the charging infrastructure, as well as the development of a city
information platform for energy demand management.

The second intervention is taking place at Nottinghar,(BID inhabitants), located in central UK. The target of
energy consumption reduction is estimated to be 50%, achieving 26% of reduction in termewis3®ns. More
than 8,100 citizens will be involved actively. The demonstration consists on a degpti@m of 624 dwelling
(total 26,823 ), the deployment of 13 new electrical buses and the deployment oBaa eharging site,
deploying a city information platform for traffic management.

The third intervention is located at Tepebasi (314,599 indatisit, a municipality of the Eskisehir city, located in
Turkey. The demonstration aims at the reduction of 85% in the energy consumption, and a 79% of the CO
emissions. At least 600 citizens will be directly involved in the demonstration, in which Sihde/é#0,570

will be retrofitted, a district heating/cooling facility based on biomass will be installed, and 11 hybrid vehicles will
be used, in addition to a 5ebie rental system. An ICT city management platform will be developed in order to
puttogether all energy and mobility data.

District scale 24.700m? district retrofitting 28.318m2 district retrofitting ~ 9.110m? district retrofitting
retrofitting 398dwellings 411dwellings 57 dwellings
1000residents. 1600residents 60% energy savings
50% energy savings 35% energy savings
& Renewableheating and ~ Biomass district heating Connection with city scale ~ WSHP for H&C and Biomass
(6] cooling district heating 90% heating plant
la_: renewables and waste heat) gglar thermal for DHW
g Electricity distributed PV panel s64aWp) = CHP PV panel on roofs1(00 kWp)
> generation PV panels on roofq5 kWp) Energy monitoring and
8 control system
% Advanced BEMS at Advanced controlling of Advanced controlling of Energy monitoring and
w district level district heating and building  district heating and building  control system (automatic
= comfort controllers comfort controllers control, occupancy control,
(@) CO; sensors, comfort
= controllers)
Monitoring tools for ICT platform for energy Advanced monitoring Advanced monitoring and
energy performance monitoring including user behavior energy performance viewing
ICT platform
< L) Improve clean power 20 FEV taxis NET* Tram 50 ebikes
= for transport: vehicles 3 eBuses 50 eBuses existing 4 e-Buses & minibuses
) % 2 FEV fleet 2 tourist link eBuses 7 EHV
n

20 FEV private
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Innovative funding Retrofitting of buildings Help private owners of
models adopts an innovative strategy retrofitted properties
for multi-owner property
districts
= Smart energy map Create a real time energyap
i VA in the demo area.
-—'UJ
Qb EU smart city indicator =~ REMOURBAN common REMOURBAN common REMOURBAN common
framework sustainable and smartness sustainable and smartness  sustainable and smartness
evaluation procedure evaluation procedure evaluation procedure

Fig.2. Technical and notechnical actions under implementation in the lighthouse cities

Source:prepared by the authors

5. Replicability plan

REMOURBAN aims at not only implementing this model in the three lighthouse cities where the main benefits and
suitability of the model will be tested and demonstrate its replication potential and ability to be adapted to these
different conditions. A first replication stage will be tested in the follower cities of Seraing (Belgium) and Miskolc
(Hungary); but alsa wider replicability plan to European Cities is being defined and will be validated.

SUPPLY
INNOVATIVE TECHNOLOGIES ENABLERS
& METHODOLOGIES
I

URBAN REGEMERATION INTEGRATED URBAN PLAN

MODEL/ PROCESS | 9

BUSINESS MODELS CITIZENS

CHARACTERIZATION OF
EUROPEAN CITIES

BARRIERS

MECHANISMS LOCAL
AUTHORITIES

@ ‘-.'a‘ 1&1" FINANCING STAKEHOLDERS

TECHNOLOGY PACKAGES IMPLEMENTATION PLAN

Fig.3. Overall replication strategy approach

Source:prepared by the authors

This replicability plan is based on the characterisation of the Eurdpigas, and grouping of them into specific

target areas according to a set of indicators in the main fields of work of this model. The analysis performed in the
characterisation of European Cities represents the demand side for urban transformatidesstitategn be
connected with the supply side which is able to provide the proper methods and processes, and technology package
to transform the city into a more sustainable and smarter ecosystem. For this, it has to be linked through the proper
enablerghat make possible its implementation, mainly focused on the finance and governance aspects which are
able to lead the transformation approach. This necessarily needs to be accompanieddegpraialysis of the

existing barriers that block the implentation of both the methods and technologies.
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This replicability framework is dealing with this connection through integrating all the pieces of the Sustainable
Urban Regeneration Model in a single approach, establishing two ways of linkage that leaddbnition of
Integrated Urban Plans for the cities and the related Implementation Plans. Thus, the replication of methods and
processes can lead to these strategic plans at city level which should establish-theri@apmproaches needed in

the city toensure the effectiveness of the transformation strategy, while the implementation of the technical
solutions can catalyse the integrated city plan into real interventions leading to achieve thieveholmgectives.

6. Expected impact

The main challege is to reduce the impact of the city daily activities of the citizens in the major indicators. These
achievements can be summarized as follow:
1 Reduction of the human activities impact in the cities at least 5%, in termsbflC®&r sonlkyr emi s
kWh/ personbkyr of energy consumption, by means of

0 Reducing the building energy demand at least a 40%, with respect to the current consumption to
implement zero emission facilities for thermal energy petidn and increase to a 30% the
distributed electricity generation ratio. Increase the thermal and electrical energy distribution and
use efficiency at least a 10%, through public and private investment with a return of the investment
less than 15 years the building retrofitting case and 5 years in case of energy supply interventions.

0 Increasing the low carbon mobility solutions a 5%, 25% at medium term (5 years). That means a
reduction of CQemissions of at least a 50%. Reduction, by means of improvsinghe transport
management (intermodalityé) the average jour

1 Increase the citizen awareness about the impact of their activities in the city, through an innovative strategy
of citizen engagement, which Wichieve a reduction of a 10% of the emissions and energy consumption
per capita.

Conclusions

REMOURBAN project will allow demonstrating that, by means of improving the current conditions of a city, it is
possible to achieve low energy districts andersustainable urban transport, as well as to perceive a greater quality
of life. REMOURBAN, thus, will focus on improving the energy efficiency, reduction of GHG emissions,
refurbishment of districts, transport sustainability, access to urban informatiant@en engagement.

A big impact across Europe will be achieved by the REMOURBAN project results at European level, showing the
model for sustainable urban regeneration can be easily applied and replicated. With the aim at maximizing the
impact of theproject results, REMOURBAN is deploying a powerful communication and dissemination plan that
integrates a citizen engagement strategy and disseminates the benefits of the project to a wide variety of audiences
In addition, several exploitation and markieployment strategies will support the commercial exploitation of the
sustainable urban regeneration model and other project outcomes.
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Abstract. The papewill present an overview of one of the Fault Detection and Diagnosis (FDD) systems developed within the Waternomics
project. The FDD system has been developed basing on the hydraulic modeling of the water network, the real time walaies pfégsure
obtained from installation of innovative ICT and commercial smart meters and the application of the Anomaly Detectistiméteiigental
ClustEring (ADWICE) algorithm adapted for the drinking water network. The FDD system developed is useful whea teecbasgider

more than one parameter at the same time to determine if an anomaly or fault is in place in a complex water netwonsterd ihe s
designed on purpose to cope with a larger features set. The new FDD system will be implemented in @enitakéte, the Linate Airport

Water network in Milan, where a large water distribution network is in place and where, due the many variables comayy iint@yib

be very difficult to detect anomalies with a low false alarm rate.
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1. Introduction

In many water distribution systems, a significant amount of water is lost due to leakage from distribution pipes. The
problem of leaks in water distribution systems has generated significant intexestte financial cost borne by

utilities, potential risks to public health and environmental burden associated with wasted energy. In recent years,
such concerns have led to the introduction of stricter penalties against water authorities for igakaigg énd

have provided the necessary incentives for the investment in better leak detection technology and enhanced leak
reduction strategies.

Leak detection methods are broadly classified in terms of internal and external monitoring methods: internal
metods involving intrusive measurements to monitor fluid state, and external methods applied to the
environmental condition of a pipe. Pipelines are designed and engineered for full load operations assuming steady
state flow conditions. Operational parameteill range from maximum allowable operating pressure in exceptional
circumstances to a depressurized state corresponding-ftoawsistuation. Normal pipeline operations may involve
day-to-day transients such as pump start/stop operations, the operationtrol valuing and changes in delivery

rates. Internal leak detection system must therefore operate over wide range of process conditions, some of which
may appear to have the characteristic of leak patterns.

The basic problem of leak detection igdistinguish between the normal operational transients and the occurrence

of nontypical process conditions that would indicate a leak. Whereas steady state can be achieved for many pipeline
operations, in general it is assumed that most pipelines undentjaual transient changes. In addition, hydraulic

noise and instrument noise are characteristic of normal operation, forming a background base threshold to
discrimination of any unusual event. The characteristic of a leak is that the pressure pittdilgipeline becomes
distorted, flow rate curve plotted against distance exhibits a step discontinuity whereas the pressure profile exhibits
cusp. These pressure and flow variations can be sensed to indicate that a significant event has occurred. The
efficiency of a leak detection system in recognizing a leak, locating it and estimating the size of a leak depends on
factors such as: (i) location of sensors, (ii) accuracy of sensors, (iii) size of leak.

A fault is a malfunction of a system component, whithtui mat ely | eads to a decli
performance and/or efficiency. The Fault Detection Diagnosis (FDD) systems aim to recognize, locate and quantify
faults: the Detection is the recognition of when and where there is a fault presergystdm. Diagnosis is the act

of isolating the location and nature of the fault to the extent that it can be rectified, so as to restore the effected
systemds performance to its intended | evel . xteitef i mpl
a systembs operational capacities must be under st oc
state/operation can be characterised at any one time. The desired attributes of an FDD system include the following:

A Early Detectionand Diagnosis: the longer that a fault persists, the greater the cumulative effect of the
associated inefficiencyos. More i mportantly, t h
undiagnosed, the more likely it is to develop into a compondntéaivhich could lead to economic loss
and potential human injury/fatality. Timely identification and rectification is key.

A Fault Segregation: this is the ability of an FDD system identify the offending component and to distinguish
the faulty part from otérs. Ambiguous fault reports lead to chaotic maintenance procedures.

A Fault Characterisation: this is to estimate the severity, type or nature of a fault. To fix a fault, the exact issue
with the component must be known.

A Robustness: expected variabilitiitbe system leads to uncertainty in the fault detection. A fault detection
algorithm able to handle uncertainty is called robust and its robustness is the degree of sensitivity to faults
compared to the degree of sensitivity to uncertainty.
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A Adaptability: a useful FDD system can be applied to multiple machines and systems of the same genre,
without the need for a completely new set up and reprogramming.

Various FDD methods are applied to different systems, based on the nature of the system and reqafréraent

FDD. The different groups of approaches may be defined in many ways, as has been done in (Bruton et al. 2013;
Katipamula, and Brambley 2005; Venkatasubramanian et al. 2003). A synthesis of the different classification
schemes is presented herdtig(ire 1). On the limits of the fundamental FDD classification continuum, there is:

A Empirical (a priori) reasoning, which will draws conclusions about how a system should operate under
different conditions based entirely on models formulated from firatjmal theory (laws of conservation,
Newtonian mechanics, thermodynamics, etc.)

A Analytical (posteriori) reasoning, which will draw conclusions about how a system should operate under
different conditions based entirely on models formulated from histarieasurement data. (Katipamula,
and Brambley 2005)

Katipamula and Brambley, defined the following classification scheme for FDD methods:

Diagnostic
Methods
v v
Quantitative Qualitative Process
Model-Based Model-Based History Based
— ' ”
Detailed implifiet -
Physical Physical Rule-Based PhQ:iI:I;t-aBtg:e ; Black-Box Gray-Box
Models Models ¥
v y v v
Expert First-Principles Limits and - Artificial Neural Other pa.“?em
System Based Alarm Statistical Network Recognition
ystems ase arms BIWOrKS Techniques

Fig. 1.FDD Classification (Katipamula and Brambley, 2005)

In accordance with this structure, a QuantitatiledetBased system in the form of a Detailed Physical Model
detailed in Section 3.3 and Qualitative Mo@ealsed system in the form of a rddased, limits and alarms approach

are developed as case studies for the Waternomics Project. Some of the furldegneataderlying FDD common
approaches are (i) Rule Based FDD, (ii) Data Driven FDD and (iii) Law Driven FDD. These are further explained
in Table 1.
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Table 1.Different FDD methods
This method utilises elementary logic applied to a system to decide whether it is operating as
designed or not.
Basic, binary on-off principles provide a simple example of an FDD rule.

Rule Based FDD If a whole system (a water boiler) is turned on, but an integral component (the water pump) is
turned off, then a fault is present and the system’s operation is impaired. It is the most basic
form of FDD and will be utilized first in most systems due to the high resource savings
ratio/investment.

Sensors are applied to the various components of a system to measure various operating
properties e.g. temperature, air flow rate, humidity etc.

Statistical models will be developed over time, while the system is running fault free, to
develop a baseline for how the system should operate in various conditions. This model is
then compared to the actual (real time) operation of the system and checked for abnormalities.

Data Driven FDD Variances from its modelled optimal operation then indicate a fault.

An example would be emissions from a car. From observing how the emissions change with
different variables (car speed, acceleration, and load), the FDD platform can compare
expected emissions with actual emissions and suggest a fault if the expected and actual
emissions differ. Data driven FDD is also known as backward modelling as it uses historical
data from the system to recall the intended operation.

This applies physical laws to the system to forecast its operation under a given set of
conditions.

A model of the system will be developed through computer programming. Limited
operational data of the system is required, but extensive knowledge of the system and its laws
is essential.

Law Driven FDD e . . .
aw briven In the example of an air-conditioning system, laws of thermodynamics and Newtonian

equations are used to predict the optimal running of the system. Similarly to the Data Driven
models, if the characteristics of the day to day running vary from its predicted operation then
a malfunction is likely. Law driven FDD is also known as forward modelling as it uses laws
to project the intended operation.

The various groups of FDD which can be applied have inhstemigths and weaknesses in comparison to each
other, and thus make them more suitable to certain systems than others. With regard to Rule Based FDD, its
strengths reside in the fact that it is the simplest to develop and deploy and that its reasanfgnierital and
transparent, so that can be understood easily. Its weaknesses include that the rules created for a system will be ver
specific and so they will not be transferrable as well as that it is difficult to ensure that all rules are alwayseapplica
and to find a complete set of rules. Rule based FDD is best suited to simptgitisahprocesses that require a
cheaper FDD solution. Model based methods are attractive when the system does not have well developed theory
for observed performancedwhen training data is plentiful and inexpensive to collect. Its deficiencies stem from

the fact that large amounts of data are required and that sometimes this training data can contain hidden faulty state
which compromise the validity of the modeleated. Model based FDD is most applicable to systems which are

not suited to rules and that have recognisable patterns in their operation. Law based approaches main proficiency is
that the models developed are based on sound physical and engineerimalprida a result of this, they can
provide the most accurate estimators for output when they are well formulated. However, they can be very complex
to develop and computationally expensive. The time investment to create them is also significant. frtosy are
applicable for complex systems which have critical failure consequences. This paper presents the model based FDC
approach adepted in the Waternomics project and the initial results obtained with it.

2. The model based FDD methodology introduced by éhWaternomics project

The need for an efficient Water Management System is strongly highlighted by Water utilities, Municipalities and

in general by Corporates that have to face every day with problems dealing with water usage and supply. So it is

essential to develop an automated system to implement the fault detection in the water network at an early stage ir
order achieve a more sustainable water management by avoiding the waste of natural resources and the conseque
economical losseélhicheverwa t e r net work we consider fthe | eakage
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measuredo and solved (B. Brunone, 2008). This probl
In this case many variables come into play and it is verycdiffto detect anomalies or faults in the system
especially when faults are not major issues concentrated in one place and not not necessarily affect the service leve
of the network (e.g main pipes breakdown). The Linate airport water network repmesefittoe above mentioned

cases (large network comparable to a small city), and the innovative approach proposed here is based on the
combined use of an hydraulic model simulation with an FDD algorithm (ADWI&tomaly Detection With fast
Incremental Clugkring) to detect anomalies in the operational phase of the water network. The objective of the
novel FDD proposed in the Waternomics project is to create and automated FDD suitable for large water network.
In doing so the Linate pilot water network hagmehosen to test the method. The methodology here proposed is
based on the construction of an hydraulic model by using the EPANET software, distributed as open source by EPA
T US Environmental Protection Agency, which describe the behaviour of the weatark in a normal scenario
(without leakages). Outputs (pressure and flow) of this hydraulic model are compared with the data gathered in
real time from the pressure and flow meters installed in place by an algorithm (ADWICE) able to point out the
faultsin the WDS by arising an alert that will be shown in the Waternomics information platform. The methodology
proposed is made up of 5 phases described in the figure (faiguve 2)

Reference Performance Metrics

1. Building Hydraulic

reference model Anomaly detection

| I
| I
| I
I | Pipes geometry || Spot height |+ Performance Metrics | 4. Data
I, and material map |
| I
| I
| I
| I

!
Deviations I analysis :
e e e e e = =
Estimation of water demand \

UNI 9182 - 2008 [ 3. ADWICE | —_——— = - - |

| 5.
______________ Y / I
N - | Visualization |
______________ | Dashboard
2. Monitoring real Water I and area pre- |
"' localization |

I
b
network |
Pressure meters Flow meters ||

I

Measured Performance Metrics
Fig. 2. FDD methodology developed whithin the WATERNOMICS project
In the followinga detailed description of each phase is proposed.

Phase 1 Building Hydraulic reference model

Water network information, as pipes geometry material and age, is necessary in this phase. This kind of information
can be gathered both through design docusnstudy and on site surveys. In Linate pilot 12 technical meetings
have been held in order to get an accurate knowledge of the WDS and its characteristics as the pumping stations
system, the materials of the pipes, the spot height map of the pilot @&ekepth of installation of pipelines. For
estimating the water demand also an accurate survey of all the building within the pilot area was conducted in order
to deveop for each building an inventory of the water equipment installed on each floor. TB232K1008 law

was utilized in order to get for each building a corresponding water demand. The UNI 9182 is an Italian law for
design, testing and management criteria for hot and cold water supply and distribution installation and it is generally
used in tle design and hydraulic consultancy field for sizing of water pipes through the calculation of the estimated
flow rate flowing out. The water demand is estimated by conducted a loading units methodology. Loading Unit
value is assumed conventionally accogdio the flow of a delivery point, its characteristics and its frequency of

use, used for the calculation of the contemporaneous maximum flow in a water distribution network. The method
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basically consist in assigning to each water equipment a numberdofihita in accordance with the UNI 9182.

These load units already take into consideration the contemporaneity of utilization of different water equipment.
The table used to assign the load units is the following. By knowing the loads units for eacly sijpdissible to

obtain the estimated water demand (UNI9182). The geometry of the pipes in the WDS, the materials, the depth of
installation the water demand calculated in accordance to th UNI EN 9182/08 are all input data for the Epanet
software and forhte development of the hydraulics model of the WDS. EPANET is a computer program that
performs extended period simulation of hydraulic within pressurized pipe networks. A network consists of pipes,
nodes (pipe junctions), pumps, valves and storage tanesenvoirs. EPANET tracks the flow of water in each

pipe, the pressure at each node, the height of water in each tank during a simulation period comprised of multiple
time steps. EPANET can be used for many different kinds of applications in distribrgiems analysis, sampling
program design, hydraulic model calibration, chlorine residual analysis, and consumer exposure assessment are
some examples. EPANET can help assess alternative management strategies for improving water quality or
distribution thraighout a system. Running under Windows, EPANET provides an integrated environment for
editing network input data, running hydraulic and water quality simulations, and viewing the results in a variety of
formats. These include colopded network maps, datbles, time series graphs, and contour plots:fEatured

and accurate hydraulic modeling is a prerequisite for doing effective water network modeling. EPANET contains a
stateof-the-art hydraulic analysis engine that includes the following capabilitie

Pl aces no | imit on the size of the network that <c
2. Computes friction headloss using the Ha¥¢ifliams, Darcy Weisbach, or Chezilanning formulas
3. Includes minor head losses for bends, fittings, etc.
4. Models constant or variable speednps
5. Models various types of valves including shutoff, check, pressure regulating, and flow
6. Considers multiple demand categories at nodes, each with its own pattern of time variation
7. Models pressurdependent flow issuing from emitters (sprinkler heads)
8. Can base system operation on both simple tank level or timer controls and on comgbesedieontrols.
Typically the following steps should be carried out when using EPANET to model water distribution system:

1. Draw a network representation of the distribution system

2. Edit the properties of thébfects that make up the system

3. Describe how theystem is operated

4. Sdect a set of analysis options

5. Run a hydraulic analysis

6. View the results of the analysis.

The ouput of the Epanet model helpful to implement the reference performance metrics are:

- Pressure in the juncions (nodes)
- Flow in the pipes
In the following the hydraulic model developed with the Epanet model of the Linate Pilof(Fi#De 3)
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Fig. 3.EPANET model othe demo sité Linate Airporti Milan (ltaly)

Phase 2 Monitoring real water network

As part of the Waternomics metering plan developed for Linate pilot, some points have been chosen to implement
the installation of flow meters and pressure metetiséroverall WDS.

The objective is to realize a real time monitoring of the water network and make data available for the Waternomics
Information Platform and for the enders.

These meters will allow the researcher to have a real time status of thenataterk by metring for every pipes
the flow and for each node the pressure. These data helps to understand the network behaviour and to gat dat
helpful to be compared with the output of the Epanet mode

Phase 3 ADWICE algorithm

A large water distribution network is in place in the case study of Linate Water network that leads to a large amount
of variables influencing the effectiveness of the fault detection this resulted in choosing anomaly detection
techniquesas depicted in Big 4. This class of algorithms is based on modelling the system selecting the best set
of parameters that characterize the operational conditions (in our case they can be the flow rate, pressure, energ;
consumption for pumps system, ground water levellferwells, etc.) assuming normal operation, i.e. absence of
problems (leaks, faults, etc.). This model will be used as a comparison baseline with the operational values observec
by the water sensors installed in the network in real time. Whenever teenaystier observation is not found to

be operating in the modelled normal region and the deviation between the normality and the current situation
exceeds a certain threshold, an alarm is rgiSigdire 4)
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Model the good At runtime: alarm

when not in yellow
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- Bad behaviour :I Good behaviour I:] Model

Fig. 4. Anomaly Detection moddR2]

The anomaly detection module will be based on an existing algorithm, called ADWICE.

ADWICE (Anomaly Detection With fast Incremental ClustEring) is a clustebiaged anomaly detector that has

been developed in an earlier project targeting critical infrastructures protection. Originally designed to detect
anomalies on network traffic sesss using features derived from TCP or UDP packets, ADWICE represents the
features of the observed system as multidimensional numeric vectors, in which each dimension represents a single
feature. The vectors are therefore treated as data points in théimedtsional space. Similar observations (i.e.

data points that, using a certain distance metric, are relatively close to each other) can be grouped together to forrr
clusters. The basic idea of the algorithm is then to model normality as a set of ¢thatetsnmarize the normal
behaviour of the system observed during tdumervised gor i
learning, where the data instances provided in the learning phase to create the normality clusters are given labellec
andknevn t o be good examples of the systembébs normal ity
Once ADWICE is trained, it can be used for online detection of anomalies or faults. During the detection phase,
when a new observation of the parameters of the system is made, a feature vector is pidteicéae resulting
multidimensional datapoint is close enough (using a threshold) to any normality clusters, ADWICE classifies it as
an instance of a normal behaviour, otherwise it considered the data point as an outlier and an alert is generatec
(Figure 5)

—— radius

e centroid

* accepted observation

e anomalous observation

Fig. 5. ADWICE clustering schema

In ADWICE, each cluster is represented through a summary denoted Cluster Feature (CF). CF is a data structure
that has three fields
CE=(nSSy
where n is the number of points in the cluster, S is the sum obthts @nd SS is the square sum of the points in
the cluster. The first two elements are used to compute the average for the points in the cluster used to represent it
centroid

o n V.

Vo:a L

i=1 n
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The third element, the sum of points, is used to chesk large a circle is that would cover all the points in the
cluster, which is the radius

With all this information one can measure how far is a new datapoint from the centre of the cluster (as Euclidean
distance between the cluster centroid and the new point) and whether the new point falls within or nearby the radius
of the cluster. This isaged for both building up the normality model (is the new point close enough to any existing
clusters so it can become part of it or should it form a new cluster?), and during detection (is the new point close
enough to any normality clusters or is it atlieu?). Using this structure, during the training phase, a new point can

be easily included into a cluster and two clusters

CF =(n,S§,S9)
and
CF =(;,S,S5)

can be merged to form a new cluster just by computing the sums of the indeadysonents of the cluster features
(N+n,5+S,S5+SS)

When a new data point is processed, both during training and detection, the search of the closest cluster needs to b

efficient (and fast enough for the application). We need therefore aremeiffficdexing structure that helps to find

the closest cluster to a given point. The cluster summaries, that constitute the normality observations, are organisec
in a tree structure. Each level in the tree summarizes the CFs at the level below by aneedinGF which is the

sum of them. The search then proceeds from the root of the tree down to the leaves, which is efficient as it takes

logarithmic computational time.

The implementation of ADWICE consists of a Java library that can be embedded intatfitienp The required

interface is a data pqgrocessing unit (a module that collects the parameters of the system under observation and

generates the numerical feature vectors to feed the ADWICE algorithm) and the graphical interface that displays

the ouput of the algorithm.

Phase 4 Data analysis

If system under observation is not found to be operating in the modelled normal region and the deviation between
the normality and the current situation exceeds a certain threshold, an anomaly is detected.

Phase 5 Dashboard visuzlization

A notification event is araised through the Waternomics Platform to inform the users about the anomaly detected
(Figure 6). The users will have the option to act immediately on the notifi¢&igure 6)

Patentially major leak in your network.

Remind me again in an hour.

Fig. 6. Live notification
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Conclusions

The model based FDD methodoly presented is helpful in detectin leakages in water networks. The method is based
on the analysis of both pressure and flow variation produced by leakage in the WDS, for this reasonitjue tech
differs from the others we can find in the literature because it is not based on the transient analysis of the pressure
waves but on the comparison of real pressure and flow data with their estimation using the simulation of the
mathematical networinodel.
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Two types of analysis can be performed by the VPP: réndysnplaced mo d «
(the status quo), and oOowhat i f ornatives auch as addihg photodokalcy (BV) at building and/are nt i
distribution levels. Target users, city planners and utility companies, will be able to use the VPP to gain an undesttandigy
demand/generation at user defined and selected leveleishranging from high level city planning to the selection of individual buildings

or user defined energy networks and so on. O6What ifo6 scenarios

The paper outlines an example VPP case study from RBAM projectgr ant agr eement NA 608712
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1. Introduction

There a number of Virtual Power Plant (VPP) (Mostafa, 2017), (Othman, 2015) definitions. Landsbergen (2009)
describes a VPP as a system théggrates several types of power sources, (suchi@s combined, heat and

power (CHR, wind-turbines small hydrg photovoltaics(PV), backup generatorsbatteries etc.) so as to give a
reliable overall power supply. Navigant Research (Asmus, 2014) defines a VPP as a system that relies upon software
and a smart grid to remotely and automatically dispatch and optimizebDisttiEnergy Resources (DER)s via an
aggregation and optimization platform linking retail to wholesale markets. Due to increased activity in smart meter
installations and other smart grid technologies, as well as challenges in balancing variable rgyenesdtion on

the grid it is reported that total annual VPP vendor revenue will grow from $1.1 billion in 2014 to $5.3 billion in
2023 (Navigant Research. 2014).

This paper outlines Virtual Power Plant (VPP) development within the European Seventh FlaR@gmamme

(FP7) project Intelligent URBAN eNergy tool ((URBAN) (iURBAN, 2016). In the context of the iIURBAN project

it was agreed that the VPP should not follow that of detailed network modelling software available on the current
market, such as GridLAB E  ( Gr DJ20¥RB The VPP is developed as a high level design tool. And that the
modelling approach of the VPP is to be based upon load aggregation of néiangeaktered energy demand and
generation data and modelling of electricity and heat géinarat building/apartment and district level.

Fig.1 gives a simplified overview of the iIURBAN Information and communications technology (ICT) architecture,
its main focus being on the relationship between the VPP and connected components. Theveméelgrod the

i Fig URBAN ICT architecture includes components that combine to form a Smart Decision Support System
(SmartDSS). The SmartDSS consists of; Local Decision Support System graphical user interfac& (PSS
LDSS part of the Smart City Datadm (SCDBLDSS), Smart City Prediction Algorithms (SCPA), and
meteorological data parsed from Weather Analytics (WA) (Weather Analytics, 2016.). Demand and generation
metered data from buildings within the IURBAN demonstrations cities is parsed to the-ISTEB This data

along with meteorological data from WA is parsed to the SCPA. The SCPA component performs analysis on the
data and generates forecast demand and generation data up to 72 hours ahead, which is stored HLE®SCDB
Within iURBAN the LDSSGUI is a tool used by occupants of private buildings, apartments and public municipality
buildings such as kindergartens (schools), offices, leisure centres. TheGDIS&cludes demand response (DR)
actions but its primary focus is to educate users am &od where energy is being consumed with a view to
encouraging users to make savings, energy and monetary, and reduce greenhouse gas emissions. The work of tt
LDSSGUI is not covered in this paper.
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CDSS GUI - SCDB-CDSS

- Each city model is stored on the SCDB-CDS

Data conversion module (DCM)
conversion of SCDB data to the form DCM SCDB-CDSS - CDSS GUI
required by the VPP, and vice versa. - CDSS GUI requests access to data stored on the SCDB-
CDSS

SCDB-CDSS - VPP API

- VPP receives access to city model data
stored on the SCDB-CDSS

VPP - SCDB-CDSS
- VPP carries out the following actions based
on model data stored on the SCDB-CDSS
- City model analyses
- VPP result sets are stored on the SCDB-
CDSS within the appropriate city model

User...

WA ———— AP —— VPP - None — automated process

WA > VPP Calculation engine...
- Load aggregation and deployment of energy

Meteorological data - Meteorological data parsed to VPP Server i
production technology

(weather Analytics)

Fig.1.iURBAN ICT architecture CDSS/VPP relationshigiagram

SourceiURBAN, 2016

In addition to the LDSS aspects of the SmartDSS, the Central Decision Support System GUGRCDEBS tool

used by utilities and municipalities. The CDS&8I enables users to view metered data at a city scale and focused
areas of interest such as district and neighbourhood level, to make informed decisions on high level planning. In
addition the CDS%UI is to act as an interface to the VPP. The VPP, developed by IES (IES Ltd, 2016), is a back
end calculation engine toedhCDSS. Via an application programme interface (API) layer the VPP is passed city
model data stored on the CDSS part of the Smart City Database (SDBB), and writes the results of the
calculations back to the SCBBDSS for access by the CDSS graphicarinterface (GUI). There is also an AP

that exists between the SCRRBSS and the SCDEDSS which parses stored metered and forecast data from the
SCDB-LDSS to the SCDBCDSS. The SCDECDSS and CDS&UI are both developed by the iURBAN partner
Vitrociset(Vitrociset, 2016).

2. VPP modelling approach
As outlined within Fig.1 the VPP is a component of the iURBAN ICT architecture. The VPP will analyse city
models stored on the SCBBDSS. Different models may be created for different purposes by the-GDSGser

T for example to focus on particular regsof the city, particular types of building, particular energy supply and
management technologies, or degrees of modelling detail appropriate to particular tasks.
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City models managed by the CD&&JI user may be conceptually divided into two categodea:s i s 6 ci ty
representing the structures and consumption pattern
representing possible alternatives. Examples of 6wt
ene gy resources (DER), electricity storage, modi fied

model(s) can answer questions such as:

What is the likely effect of adding PV arrays to certain buildings?

What is the likely effect of addinglectricity storage at a certain point in the electricity distribution network?
What is the likely effect of introducing a district CHP plant to serve a certain area?

What is the likely effect of introducing a largeale PV farm to serve a certain area?

What is the likely effect of introducing tariffs in monetary and energy consumption terms?

=4 =4 =8 =8 -9

Users of the CDS&UI such as city planners and utility companies will be able to undertake VPP analysis to gain
an understanding of energy demand and generatidrihee associated costs at selected levels of interest, ranging
from high level city planning to the selection of individual buildings or user defined energy networks.

To avoid ambiguity city model data passed to the VPP is referred to as the VPP @ty ThedVPP city model is
formed around the following features, Commodity, External supply, Commodity account, Fuel, carbon emission
(CO) emissions, Distribution network, Network node, Transmission channel, Prosumer object, DER object,
Generator, Storagdevice and manger, which are illustrated in Fig.2.

Fig.2 illustrates an electricity distribution network defined for a city model. In this diagram rectangles with dashed
borders represent CDS3UI objects, which serve as receptacles for VPP objects.ojfelets fall into three basic
categories: nodes (coloured discs), DER objects (cdilken rectangles) and managers (coldilled diamonds).

DER objects are further categorised according to type such as electricity network; power station, CHP, PV array,
wind turbine, electricity storage and heat network; heat generator, electric heat pump, CHP, solar water heating,
thermal storage. The filled rectangles at the base of the diagram are prosumer units by means of which demands
represented by input Timesesiare connected to the system. Other VPP objects function algorithmically as a
function of other variables in the model.
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Etc.
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Pro:
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Prosumer objects (buildings, city furniture objects, Prosumer objects
transportation objects)

Fig.2. Part of an example city model focusing on the electricity distribution network

SourceiURBAN, 2016

3. Example case study

The CDSSGUI, SCDB-CDSS and VPP development and integration is finalising completion in July 2016. Due to
development still taking place within the CD&3JI, it is not possible to present a CD&8I network diagram in

this paper. Instead a depiction of tiRBAN example case studies is outlined in VPP diagrammatic form. Due to
sensitive nature of participantdés details and

t he

sensitive details such as building nhames.

4. Case study Rijeka, Croatia

A CDSSGUI city view of Rijeka denoting iURBAN metered installations is shown within Fig.3. There are 3 public
Kindergartens, 4 public schools, 12 residential, 4 sports centres, 2 culture centres and 7 heating plant installations.

Refer to F§.3 for CDSSGUI legend notation.
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Fig.3.CDSSGUI - Rijeka, Croatia. Red dashed circles denote defined building clusters and@mD3syend

SourceVitrociset, 2016
0As i sO scenario

Fig.4illustrates a simple VPP electricity network model.
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Prosumer objects Prosumer objects

Fig.4. Simple VPP electricity network modeRijeka, Croatia

Source:Author

Due to the sparse nature of the building locations, limited network topology information and metered installations
within the framework of the iURBAN project the Rijeka casalgthas been simplified, refer Eg.3. Buildings

within close proximity have been grouped together and linked to a utility object representative -statisub5
substations are shown iRig.4. In time the network model will be refined as more désaidnown about network
connections within Rijeka.

Further to sensitivity analysis carried out on the SETIBSS data the below period of analysis is considered for
selected meter installations. The period of analysis was selected on the criteria oftr@wiragimum number of
meters with normissing data for 1 whole week.

Data summary:

=4 =4 =4 -8 -8 =9

Location: Rijeka (CityModelName calls Weather Analytics (WA) API for Rijeka weather data)
Latitude: N/A (WA API)

Altitude: N/A (WA API)

Scenario: Ass - electricity network

Start date/time:20163-01 [00:00]

End date/time: 20263-07 [23:00]
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1 Reporting period: Hourly (on the hour)
9 Electricity installations devised into 5 hypothetical electricity-stdtions, refer t&ig.3

Within the iURBAN framework the project ds not have access to all utilities, such as electricity, district heating,
gas and water, meter readings for each installation. For the electricity network 19 out of 34 building installations
have electricity meter readings. Table 1 list building typesiusithin Rijeka case study and denotes available
electricity consumption and production meters.

Table 1.Hypothetical electricity sulstations 1 to 5

Hypothetical Prosumer object Type Meter Meter
Sub-stations name (Consumption) | (Production)
1 Building 1 Public kindergarten Yes Yes
fi Building 2 Sports Centre Yes Yes
2 Building 3 Public school Yes No
3 Building 4 Public school Yes Yes
fi Building 5 Public kindergarten Yes Yes
4 Building 6 Residential Yes No
fi Building 7 Sports Centre Yes No
fi Building 8 Residential Yes No
fi Building 9 Residential Yes No
fi Building 10 Residential Yes Yes
fi Building 11 Culture Centre Yes No
fi Building 12 Culture Centre Yes No
5 Building 13 Residential Yes No
fi Building 14 Sports Centre Yes No
fi Building 15 Public school Yes No
fi Building 16 Residential Yes No
fi Building 17 Residential Yes No
fi Building 18 Public kindergarten Yes No
fi Building 19 Public school Yes No
Source:Author

From the above data the following Extensible Markup Language (Xidis)have been created for parsing to the
VPP engine:

CityModel.xml
Commodities.xml
Run.xml
Timeseries.xml

= =4 =4 =9

Electricity network topology has been input into the CityModel.xml. Meter readings from the -S0OSB,
formatted within Excel, have been inputo the Timeseries.xml. The Commodities.xml defines commodity
attributes such as C@mission factors. Run.xml defines the VPP run specifier settings such as start / end date and
time.

6 Wh a t scendrios
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Table 2 outlines selected DER installationsdfasumer objects (buildings 1 to 19) and utility objects{sations
1 to 5) across 8 scenarios.

Table 2.Scenario parameters

@

0 o — N ™) <t Lo
28 lvy 2| 2].8.8.58.5.5
28| 48| S|exgss L eseE
m m Mm - M m N v NDon N NDn OO n

Scenariol
Pvew | 1 [ 1 111 ] - -]-1]-7-

Scenario 2
Pvkw)| 6 | 6 [ 6 | 6 [ 6 [ - | - [ - |- | -

Scenario 3
wind(kw)[ 1.5 15[ 15[15]15] - | - | - | - | -

Scenario 4
WindkW)[ 16 | 15 [ 15 | 15 [ a5 [ - | - | - | - | -

Scenario 5

PV (kw)| 1 1 1 1 1 - - - - -
Energy storage (kWhl 50 | 50 | 50 | 50 | 50 - - - - -

Scenario 6

PV (kW) | 6 6 6 6 6 - - - - -
Energy storage (kWh| 50 | 50 | 50 | 50 | 50 - - - - -

Scenario 7

Wind(kw)| 1.5 | 15| 15| 15| 15| - - - - -
Energy storage (kWhl 50 | 50 | 50 | 50 | 50 - - - - -

Scenario 8

Wind (kw)| 15 | 15 | 15 | 15 | 15 - - - - -
Energy storage (kWh| 50 | 50 | 50 | 50 | 50 - - - - -

Source:Author

DER installation parameters are shown in Table 3 to Table 5, installation types refer to the number shown in Table
2. Forexample, scenario 1 includes a 1No. 1kW (small domestic) PV panel assigned individually to all 19 buildings,
substations have not been assigned DER installations. Whereas scenario 5 includes 1No. 1kW PV panel and 1No.
50kWh energy storage device assigmatividually to all 19 buildings and so on.

Table 3.PV array parameters

Installation category | Area (n¥) Azimuth Inclination| PV module Nominal cell
( cloc| ( f nominal temperature
from north) | horizontal)| efficiency (NOCT)

PVIKW 7.2 180 35 0.1100 45.0

(small domestic)

PVBkW 43.2 180 35 0.1100 45.0

(large domestic)
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Reference Temp. coefficient fory  Degradation Shading Electrical
irradiance for module efficiency factor factor conversion
NOCT (W/m2) (1/K)
800 0.0040 0.99 1.0 0.85
800 0.0040 0.99 1.0 0.85
Source:Author

Table 4.Wind turbine parameters

Installation category | Rated power| Hub height Power curve

(kW) (m) [wind speed (m/s), Powe
output fraction %]

0040.170.5120.8 25

0040.170.5120.825

Wind 1.5kW (house) 1.5
Wind 15kW (farm) 15

5
5

Source:Author

Table 5.Electrical energy storage parameters

Installation category Storage Initial storage Storage Method | Losses
Capacity energy (kWh)
(kwh)
lithium-ion Battery 50 2 lithium-ion Battery 0
50kWh
Source:Author
Results
Rijeka case study VPP results for 6das is6 and d6édwhat

6. Table 6 results are presented for the electricity commodity account, i.e. root node gachfetectricity node
in the network.

Based on the selected 6éwhat iifd scenarios the resul
scenarios 1 to 8 when compared against t Heshavesdbeeni s 6
introduced, PVs and wind turbines only for scenarios 1 to 4, demand from external supply to the network has
reduced. This is a result of renewables offsetting electricity demand from buildings 1 to 19. This also results in a
reduction in C® emissions within the model based on the reduction of fossil fuel based external supply to the
network. There is a noticeable difference between the PV and wind turbine scenario results. This difference is due
to the variation in wind speed for Rijeka basedts coastal location; average, maximum and minimum wind speed

for the selected period of analysis is 3.44m/s, 10.19m/s and 0.89m/s. Also scenario 4 is based on a 15kW wind
turbine. This may be considered unrealistic but it gives an indication ofi@tgogeneration range from 1.5 to

15kW installations.

In scenarios 5 to 8, which include electricity storage in addition to selected renewable technology, external supply
and carbon emission reduce when compared to scenarios 1 to 4 with no eleatriagg ststallations. This is a

result of model setip where electricity storage devices have been applied at building level. In some esises on
electricity generation from renewables at building level exceeds electricity building level demandscaséhis
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excess electricity generation chargessiia storage prior to being fed back to the electricity network upon
electricity storage equalling storage capacity. In other instances electricity demand at building level exsigzds on
electricity generatin. This results in an electricity residual demand from the electricity networlstatibn and
then parent node, which in turn equates to an increase in external supply 4achi€€ons to the model. This
could be adverted with better electricity storagatrols and storage at satation level. Future scenarios will look

to address this.

Table6.Ri j eka VPP results, percentage difference again
Scenario External External indirect CO?
supply emission
(% diff) (% diff)
asis (baseline model) - -
Scenario t 1kW PV 0.30% 0.30%
Scenario 2 6kW PV 1.75% 1.67%
Scenario 3 1.5kW Wind turbine 0.78% 0.77%
Scenario 4 15kW Wind turbine 7.40% 7.30%
Scenario 5 1kW PV and 50kWh storage 0.31% 0.31%
Scenario 6 6kW PV ands0kWh storage 1.45% 1.39%
Scenario 7 1.5kW Wind turbine and 50kWh storag 0.73% 0.73%
Scenario 8 15kW Wind turbine and 50kWh storage 5.64% 5.58%
Source:Author
Conclusions

The VPP tool developed in iURBAN is considered a prototype since tharsnmll set of available data from
iIURBAN demo cities, refer to case study description. With this in mind the €RlA%nd the VPP provide means

to scale up metered demands using multiplier factors so that they sum to realistic values at the disityct and
levels.

The VPP has been developed in a way that is scalable and repeatable. However, like most simulation tools data is
critical to the inputs and outputs of the tool. As discussed within the case study example a simple network model
can only be castructed unless there is sufficient information on the network topologies and access to a wide range
of metered data. In response to the lack of metered data the VPP has been developed to receive both metered an:
simulated data. The IES Virtual EnvironmdhES-VE) (IES Ltd, 2016) is a building modelling tool capable of
generating building related energy demands and generation in Timeseries format. Energy profiles could be
produced from a range of IES<VE> building models and the outputs fed into the VP duitside the scope of

the iIURBAN project.

Future work to consist of refining the Rijeka case study based on detailed electricity network topology. Other work
to include the modelling of the second IURBAN case study in Plovdiv, Bulgaria. This wiorkaise place from

July onwards as part of the iURBAN ICT tools evaluation and validation period, upon the integration of the CDSS
and VPP.

Future VPP development to include district cooling, water networks and optimised control strategies.
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1. Introduction

Computational design is a technological paradigm involving Information Technology and Computing in the practice
of design activities in multiple domains. The development of computing capabilities for design support started in
the early 1980s, following mayj research achievements in the field of design théGmsro 1990; Gero &
Kannengiesser 2004)

A wide research effort exists in Adesign computing
Aconstruction informaticso forms an international S
The application of computatiah design is also increasing in the Architecture, Engineering and Construction

I ndustry (Boeykens, 2012). fABuilding Information Mo
trends in computing design in academic research and market ilmmvamhother challenging aspect in design is

the involvement of multexpertise disciplines. Each expert addresses the design project according to his domain of
expertise and his own viewpoint (Boton et al., 2013) which implies multiple views modelirggiopmdsupport
systemgRosenman & Gero 1996 herefore the optimization in design requires procesito- merge these multiple
viewpoints and criteria in order to support the decisiw@king.

At the level of city development, implications for computing support are also challenging. In the last decades, both
city and landrelated data modeling mainly agdsed the representation of information layers in Geographical
Information Systems. Reasoning and decisiopport has mainly been developed in research literature through the
application of MultiCriteria Decision Analysis techniqu@dalczewski 2006)An objectbased modeling approach

is also applied in GIS systeniShekhar et al. 1997t notably enables the mapping and interrelation between
building, infrastructure and land datasets ireegsh(El-Mekawy et al. 2012; Peachavanish et al. 2@36)vell as

in commercial products such as Autodesk InfraWorks 360 or Vianova Novapoint.

On the other hand, the humanitarian response is a collectioteafentions during and after crises to answer to the
housing needs of displaced populations. The humanitarian design is quite similar to the usual collaborative approach
in the design and construction industry. It involves multiple actors with diffemsions, interests and expertise
(Balcik et al., 2010), such as the architectural design and construction (Kubicki et al., 2006). The planning,
implementation and monitoring of humanitarian projects are the results of the collaboration of many stakeholder
The knowledge of these interventions is often based on previous experiences (Santos et al., 2013). The involvemen
of different stakeholders into the management process is very important as preparation and interaction of
communities, business structui@sd NGOs with the public authorities can enhance awareness and response to
various possible or present threats, help to mitigate consequences of crisis, and enable a recovery process for th
population (Survila et al, 2016).

Moreover the diversity of akeholders makes it sometimes difficult to find and implement the appropriate
collaboration network (Charles et al., 2010). The humanitarian needs in terms of shelters and camps are increasing
due to different factors related to nature or human activilibs article describes a research project aiming at
studying the contribution of computing design methods for supporting humanitarianly in emergency situations.
Worldwide, developing and managing refugee camps is increasingly significant, and the desigreet multiple
constraints. Another aspect lies in time constraints. Indeed refugee camps planning should be completed as soon a
possible to answer unpredictable flows of persons.
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2. Design computing paradigms for the smatrt city
2.1 Challengeand operational concepts of the smart city approach

The devel opment of city and urban fragments perf ome
[dealing] with food supplies on an international scale, water supplies over long distamdéscal waste disposal,

urban traffic management systems, and so on; (...) and the quality of all such urban inputs defines the quality of life
of urban dwell ers (The $Qaiagimetad 200 Iseseauthors @obr&idnally define i t e

a city as a fAsmarto system when Ainvestments in hul
(ICT) communication infrastructure fuel sustainable economic growth and a high quality of life, with a wise
management of natur al resources, t hrouglistopeasure e ci p a

sustainable development for the population. Indeed, the sustainable development represemtstraent to
advancing human webeing with the addedonstrairt that this development needs to take place within the
ecol ogi cal l'imits of the natur al resource (Korsakie

From infrastructure and policy development to the everyday urban life one can recognize that the trends are
nowadays inriterlinking physical and digital spaces. Interrelations between these environments in the concept of
the smart city usually describe the increased cittgninteractions that can be enabled. Thus, beyond it, new
forms of planning, design, and developrnas well as usage of urban spaces are to be defined in order to implement
the smartness approach at city level.

Key societal challenges shoul d be dir egtobalegviranmentall e d
challenges, with real @npotential risks to our natural and built environment, including global climate change,
increasing population and population density, increasing resource scarcity and both traditional and asymmetric
forms of conflicto ( Mar sasepmposedah evRletisnglisustainadl® drk@n) plannindy e s
approach in order to emphasize the dimension directly related to planning (land use, infrastructures, transport etc.)
as well as the central role of ICT (Al Qahtany et al. 2013).

Computing researche previously emphasized the importance of knowledge management principles and
techniques. Semantic technologies have been applied to connect these multiple and heterogeneous data sources
the scale of the city. The City Service Ecosystem (CSE), faannst is a digital environment for the governance

of urban services, based on semantics for improved interoperability of city s@ales & Carenini 2014)
Recently(Anjomshoaa 2014) nt r oduced the concept of Web of Buil di
that connects various BIM schemas and their correspgridstances (building) that are located in a specific
geographic area [ é]o0.

2.2 BIM and generative design for development of the city and urban fragment

In the smart city environments, Aur ban pr otleesEatale s, ¢
and tempor al net wor ks of sensor s (Galays,@@l4) rhismewsvayfd at a b
considering the city implies new approaches for city planning which should contribute to its redilesiga.and
engineering research communities provided important knowledge and experience to the smart city development
issues. In particular the bf computing has been identified in spatial planning and building design for managing
complexity, enabling the design of advanced morphologies, by enabling perfordrareredesign approadisl
etal.2014) as well as for managing i (Tarlg206ati on acr oss p!

The authoring of Building Information Models as well as the management of Information Exchanges are central

concepts in the development and industrial implementation of Building Information Modeling. Indeed, BIM
comprises both objeatriented modling and process e | at ed i mpl i cati ons, as it i
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design, construction and facility management in which a digital representation of the building process is used to
facilitate the exchange and interoperability of informatiod in g i t a I(Eadtneamn ehal. 2011)

Beyond that, the application of computational design is increasing in the Architecture, Engineering and
Construction Industry. "Parametric Modeling" retie recent trends in computing design in academic research as
well as in market innovation. It allows the designers to control the generation of visualized 3D objects from an
overall logical computing script or scenario (Davis et al. 2011). They embe@metibal formulas, constraints

and control functions to derive a geometric model from series of input data through a generative process, and thus
enable a performanadriven reasoning. The characteristic of this approach is that it produces more tltan stati
geometry, i.e. a model with a collection of primitive shapes (Fernando et al. 2012). Parametric models embed
dynamic and real time relationships within different components integrating mass amounts of information and
constraints data, used in differepiplications.

At the urban level, computing brings a lot of opportunities to designers and developers, e.g. in simulating the impacts
of land uses, estimating urban development strategies or enabling involvement of citizens inaedigigrhanks

to mobile applications or Virtual Reality tools. Openness, interoperability and integration of multiple datasets
remain key challenges in the development and exploitation of such tools.

Regarding decisiomaking linked to development strategies at the sdaleban fragments, computational design
approach enables desigapport and simulation. The parametric relashionships defined in such approaches in
addition to the constraints that wil!/ be Al aramest i ng o
previously focused on the development of smart cities and the relation with the parametic modeling and
computational design approach&he intrusion of parametric methods into the urban context development was
carried out within different projecnd researches. (Steino et al. 2005) showed the capabilities of a parametric
approach in urban design through a case study. According to this research, urban components share a similarity tha
can be defined parametrically. Aspects such as density, foactiorms, and spaces, can be translated into
parameters. This approach helps in evaluating different scenarios and enables to reach an optimum solution. In
addition, Saleh showed in his research that the usage of a parametric approach in urban désightcam
sustainable result (Saleh and-A&gla 2012). In his research, he examines the use of a parametric method in
sustainable urban development. The case study developed was the generation of an Arabian city taking into accoun
constraints such as wdrand solar envelopes. Different pliung for parametric systems have been developed also

to study the urban behaviour and to propose some urban solutions for the usage requirement extension anc
emplacement.

2.3 Computational applications for humanitane®eds

Computational methods are more and more involved in the design process and the generation of forms for
contemporary architecture, and it should be mentioned that a few applications appeared in the humanitarian field.
Yeung focused on the applicatiof digital architecture in loech reconstruction of the Solmon Islands (Yeung

et al., 2011) targeting a set of parametric tools applied to latrine construction. Another example was the case study
of the postearthquake Haiti (Benros et al., 2011); antbed systems were developed to create houses, this example
focused on the resulting documentation as a set of construction drawings. Jinuntuya focused in his research on the
use of digital tools and gamesd 3 Ecisisnmakingisagportesystenmn r o n r
for humanitarian needs (Jinuntuya et al., 2007). Recently, the authors addressed the contribution of the parametric
methods in emergency architectural design (Daher et al, 2014). The parameters needed for shelters have bee
identified and classified. The result was a parametric prototype taking into consideration physical parameters and
allowing humanitarian stakeholders to generate sheltering solutions.

2.4. Humanitarian situation in Europe and Luxembourg

Factors relatetb natural environment and human activities are increasing the risk relating to housing. Migrants and
refugees are still crossing into Europe, sparking a crisis as countries struggle to cope with the influx. Countries are
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trying to deal with this situatioand to respond to the emergent demand for a rapid, sustainable and effective post
disaster response.

Luxembourg is directly involved in the refugee crisis in Europe and worldwide. Emergency refugee accommodation
in Luxembourg is being provided at formaydpitals and the Luxexpo (Exhibition and congress center). The CHL
Maternity hospital on the Route d'Arlon provides 130 beds, the former speech therapy centre in Strassen has 300
beds, the Centre Hospitalier NetPos y c hi at r i gque ( CHNBeds aadtHalbtoftLexexporhgstsk h &
360 campbeds. In addition to this intervention, and in order to meet the growing influx of refugees in Luxembourg,
the Luxembourg Government decided to create new temporary emergency centre2by i@ : three f
villageso will be set up to take over as primary re
house asylum seekers in Luxembourg are to be installed in Steinfort, Mamer and Diekirch cities.

AThe resil i enc stem, comnuhity, orssdriety aéxgoged to liazaals ts rgsist, absorb, accommodate,
and recover from the effects of a hazard (Jha et al
Smart cities are more responsive to and efficient in facisiguation of risk. They become more resilient. The
situation related to the influx of refugees requires of the city of Luxembourg adapting itself. Our proposition
contributes to increase its resilience in this situation by supporting the phase of ptdmafogee camps. The next
sections present a design decision framework, accompanied with an experimental prototype, directly related to this
context and inspired by real requirements observed.

3. Datadriven decision framework
3.1 Requirements and teahlagical choices

The requirements for a design decision framework were centred on providing the ability to rapidly test scenarios of
camp development on several terrains. The framework should enable to link usage requirements (mostly
guantitative data) tan automatically generated possible spatial design, optimizing it by basing on constraints and
limits identified by the user.

The software programmes Rhinoceros and Grasshopper were chosen for the development of this project. This is
justified by the aliity of the software to easily design and manipulate algorithms based on visual objects.
Grasshopper a plugin of Rhino 3D has a set of predefined components classified according to their operation. These
components perform geometric operations modeling. ddnnection of different components enables operations

that do not exist by default in design software systems. According to its nature, each geometric operation is based
on parameters that can be manually modified. The modification of parameterswiflirgsattime modification

of the 3D geometry.

Beyond producing a geometrical representation of a design solution, another aspect of design computing is the
multi-criteria or multidisciplinary design optimization (MDO), which has been developed ispaeeengineering

mainly addressing technical design and focusing on quantitative aspects (Geyer et al., 2010). MDO provides a
powerful means to support the design process. Genetic algorithm (GA) is one of the methods of optimization often
used in architdare. It is a procedure based on Darwinian notions where selection and recombination of genes or
operators are used among candidate solutions to achieve the best performance (Goldberg 1989). The strength of G/
lies in its adaptability to fit any kind of pblems. Initially a set of solutions is selected randomly to form the initial
population, and then the optimization with GA focuses on making a set of individuals evolve, using crossover and
mutation operations. GA has been used in many activities addl. fiabblete shows how GA can be used to generate
possible solutions for buildings with low cost energy consumption (Poblete 2011)-ckikgltia evolutionary
optimization was also used in urban design to automate the generation and evaluation ofeatizattsims (Chee

et al., 2013). The chosen system to implement the demonstrator is based on visual programming and containing
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plug-ins andLive Physics engine for interactive simulation and optimization directly wiEhasshopper (e.g.
Galapagos, Kangao).

3.2 Using datasets in generative process

3.2.1 Variables

Moving from an explicit design to a parametric model is a process where geometry is a result driven by the
designerdés inputs and data valueexewhtchgcaomaf figsc
activities but more efficiently and in a more iterative way due to input variables. The modification of these variables
gives more options to be evaluated in the design process. The parameters identified are based orvaluasrical
related to physical forms, geometries and dimensions. These physical parameters can be easily expressec
numerically, while contextual and climatic parameters are more complex to be translated into quantitative (or
numerical) values. Such variablae implemented in our design definition as data inputs (through a link with an
external dataset) and manipulated by the user thankshocasliders.

3.2.2 Constraints

Identifying limits for the design is important in order to eliminate undesirabldtsesimiting the entries of
variables will also lead the design to options satisfying all the usage needs and requirements. In other terms, these
limits are called design constraints. Even numerical values, shapes or relationships bind objects argl element
Constraints can be grouped into two types:

a) The constraints related to quantitative numerical values and requirements such as the number of person by
container and the maximum height of the building. These constraints will be implemented in the system
definition as numerical values.

b) Other constraints are related to the contextual environment and contextual requirements. Graphical
representation, shapes and relationships will determine design elements. In this project the contextual
constraints are: thgte, the program, and other requirements such as the mandatory superposition of toilet
containers, services and others.

4. Implementation
4.1 Summary

This work makes the hypothesis that the requirements (in terms of design of the container vdl#geanstraints

(related in particular to the programme and site conditions) can be connected to a parametric digital model. The
generation of design options that fit the requirements involves the identification of an algorithmic definition
implemented wth the appropriate constraints and variables. The design process is therefore related to the site and
to the input variables. Performing a preliminary constructability review is essential to start the implementation. The
target terrain is examined in ord® determine whether it has a specific topography to take into account and to
define the sitebs physical constraints as well as i
After selection of the site, an optimization of the graphical space programme for usage areas is processed, while
taking into account the site constraints and the requirements for relations across the different spaces. The final stey
is dedicated to the choice of the configuration layout for the containers.

4.2 Optimization framework
For the space planning, farce-based approach was used. Kangar@oplugin for Grasshopper adopts this
approach for related geometric optimization applications. It embeds physical behaviour directly to the 3D modeling.

Kangaroo contains various ways of generating the forcascin affect the particles (objects having masses,
volumeé) in the simulation. I n our case study space
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Information regarding the orientation, the site limit and the relations between diffpeeatsswill be computed.

These constraints are used to identify the position of each space.

The forcebased approach drives the behaviour of spaces caused by the identified forces. Many types of forces can
be combined in the Kangaroo phiyg for finding the final form. (https://docs.google.com/document/d/1X
tW7r7tfC9dulCi7XylI9wmPkGQUPImM_8sj7bgqMvTXs/preview)

In our case study, we have combined the three following types of forces: (1) Plaw, (2) Springs from line, and (3)
Pull to surface:

4.2.1 Plaw

This shavs a power law force with exponeddt, which means that the strength of the attraction is proportional to

the inverse distance between the particles. This force was used to keep the particles (spaces) adjacent after th
simulation process.

4.2.2Pull to surface
This force is used to constrain or pull particles (spaces) to a defined surface. It was used to orient our spaces/patrticle:
position according to the following constraints:

1T Orientation, where habitati on taechhve swdreesolagamer e ipul
1T Entrance, where the surfaces related to the entr
T Site | imit, in order to maintain spaces inside

limit. This operatbn was computed manually, by defining fictive surfaces representing the site limit.
Alternative solutions were possible. However, the created definition helped us to execute the desired
requirement.

4.2.3 Springs from line

This force was used to maintahe constraints related to the linking between spaces. Once the identification of the
relations between different spaces defined, these relations were maintained after the simulation of the above
mentioned forces by using the Aspringso force.

On the othehand, the notion of space syntax was useful for understanding the relation between tbpacest

this component was used to express one aspect in the analysis and the optimization of spaces: identifying structura
connections in the layout of the netrk. To achieve these connections between the spaces, it was necessary to
introduce this calculation to a parametric environment. The Space Syntaix @lings to optimize this approach

using a computational method in Grasshopper and Rhino 3D system.

4.3 Application scenario

Wars in the world have forced millions of people out of their homes and communities, some living in camps across
different countries, and others having to restart their lives in foreign countries like Luxembourg. For the refugees
coming to live in the Grand Duchy, there appears to be hope, as Luxembourg is providing 3 terrains where the
construction and implementation of container villages will take place. Our demonstrator was based on a real case
terrain situated in the municipalitf Diekirch in northeastern Luxembourg. It consists of 3.6 hectares of land in
front of the military barracks fAGrand Duke Jeano.
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The Google Mapbs terrain is first transformed into
analysis ofthe selected site is performed in order to identify the constraints that should be implemented in the
algorithm definition for the macrplanning layout. The overall capacity expected for the village is 300 beds (600

in case of an emergency situation)filst design choice was to separate three distinct clusters, dedicated to three
ethnographic groups based on the origins of refugees. The development of the village requires 7 spaces dedicatet
to (1) clusters, (2) reception area, (3) feeding centre, (Ugadibnal area, (5) services, (6) gathering, and (7)
entertainment.

Fig. 1. Diekirch site in Luxembourg
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Table 3. Usage requirements regarding the living clusters, as input design dataset

Clusters 3
< | Origin ID C1 Cc2 C3
-% Nb of person 75 100 125
S | Nb of containers needed 28 50 63
% Couples 7 10 16
8 | Kids (<18) 16 24 34
@ | Singles 15 20 41
é old 5 11 18
Cluster surface 2250 3000 3750
Nb of latrines needed by cluster | 4 5 7
Optimum distance of latrine <50
from household (m)
¢ | Nb of showers needed by cluster| 1 1 2
% Feeding center 1
% Water waste tank retention
Water point 1 2 2
Distance from furthest dwelling to
water point (m) <200

4.4 Implementation ofonstraints

In this application, the constraints are related to the site conditions and to the usage requirements in terms of
respecting area and international standards.

4.4.1 Contextual constraints

Site accessibilityThe accessibility of the site bgads will help in determining the land uses in dependence on this
constraint (e.g. services and central reception area). In this village one access for the site from external roads is
identified. This access was logically placed in the south part oftthgegisting road).

Site orientation:The orientation for the land uses is defined according to the sunlight exposure. It is expected to
maintain a comfortable environment for living. The southern part of the site is the one most exposed to the sun.
SiteconstructabilityThe i denti fi cation of specific physical el
site constructability in order to avoid these elements in the automatic design development. In the Diekirch site, no
boundaries related teeggraphical aspects were identified.

Empty spaces:
North

Reception and

. N
Service areas close
to the entrance g Living spaces: Est
W— ¢
(f

s

Fig. 2. Some of the siteelated constraints identified
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Usage requirement&he requirements in term of usages and the relationships between these usages are expected

to be maintained in the design process. Space Syntax was used to generate the graphical representation of th
relations between the different usages.

Gathering places

Services

e
Recepliondrea Cluster

= Others

Fig. 3. Usage requirements relations, space syntax representation

This graphical representation is projected to the site conditions. Usage spaces are computed together with the
identified constraints, in order to distribute and optimize the spaces of the sitental@stount: (1) the constraints

and (2) maintaining the relations between them. The
plugi n for AGrasshoppero.
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| Curve Tools | Surface Tools  Soid Tools  Usehd Rbino commands.

Sandacd | CPlanes | SetView | Displey | Select | ViewportLayeut | Vit | Tranaform
POOPVBBIRYEHEARPVP
(D ttmose @ Creme, W vty gy ey 4 Commant BLELNSFTumEOD Dl
@ Locaton A odes ém:s:lam

Fig. 4.0n site optimization (Rhino 3D, Grasshopper)

4.4.2Numerical constraints

Number of personsThe number of persons is defined as 2 persons per container; this will lead to have 150
containers in the village. As a result, the number of required sanitary facilities is a fixed value. These two values
are impemented in the generative design process.

Dimension of the container$his attribute can be interpreted sometime as constraint or as variable.

The dimension of the containers might change from one container to another, but in this example we have referre
to a specific type of containers to use in the whole village.

Specific requirementsThe design of containers should take into account that sanitary containers should be
superposed in order to facilitate the evacuation of used water. In additionedlseodifferent spaces have been
respected according to international guidelines and standards.

4.5 Implementation of Variables
Problem solving requires the extraction of specific variables in terms of parameters (physical and contextual) and
relationsbetween them. Among the list of identified variables, parameters are chosen for the design and modeling

demonstrator. The chosen parameters are specified according to their importance in the container village design. In
this demonstrator, the chosen valébare mostly related to physical aspects.
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Fig. 5. Visualisation of the final automated configuration of clusters

These chosen variables are: (1) the general configuration layout of the clusters, (2) the definition of the entrance to
the clusters(3) the number of stories, (4) the parameters related to the passage between stories, (5) the structural
elements.
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Conclusion

This paper describes a research work carried out to investigate the potential application of computational design to
assist humaitarian activities. It addresses the capability of parametric modeling in assisting the development of
container villages for refugees, in order to help architects, humanitarian people and policy makers in the strategic
planning and decisiemaking. It sarts with developing a design process for the container village. This process is
based on the optimization of the spatial layout related to expected usages, taking into account contextual constraints
(e.g. site accessibility, orientation, etc.) and nuna¢donstraints (e.g. containers dimensions or number of received
migrants, etc.).

The output of this research consists of a prototype capable of generating a village of parametric containers from
data requirements. This prototype is based on generasigndwhere the constraints and part of the design process
related to refugee camps are computerized. This approach contributes to the resilience of cities and territories facing
the problem of migrant flows.

The current prototype has some limitationse Tesearch focuses on the identification of parameters for modeling

a prototype shelter and a layout of a camp. Aspects related to construction materials and costs are not considered i
the implementation, at the moment.

The originality of the proposedea relies on the innovative capacities of intervention in urban planning based on
generative design for more responsiveness and efficiency. The parametric approach proposed should help in (1)
enhancing the quality and reducing the time needed for thaiptarespecially in the initial steps, (2) enabling a
smooth collaboration and information exchanges between different stakeholders, (3) allowxpes to
contribute to the development of urban planning, through the rapid 3D visualization, aralidihgra generative
decisionsupport computer system based on computable parameters.

As future research work, this generative and iterative process will be implemented in other use cases to generate
design alternatives regarding the expected usagegi@jaeeper testing and evaluating of the effectiveness of this
design process. In order to review this system, different experiments describing different scenarios will be created
instantly by modifying the parameters to test the ability of the desigregsdo answer scenarios similar to real
cases. The research will also focus on the optimization of the interior elements of containers in order to answer the
needs of refugees in terms of functions and usages.
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is changing with flexibility at the core of a neemergy market design. In particular, mdiiled platforms (MSPs) has gained prominent
attention as a business model that creates value by enabling direct interactions between several distinct groups @haetesach other

in order to deliver produs to their customers. However, as MSPs are less familiar within the energy market, there has been little investigation
in modelling this emerging and dynamic ecosystem. Utilising the business modelling methodology of value network an#hgsisegnd
informant technique, value flows were modelled within the context of a MSP to understand the creation, delivery and cajterie of v
network of interdependent relationship, its networked position and the stakeholder interactions required for dédiwahyflexibility.
Supported by this analysis, this paper focuses on the LV area of the smart grid, and presents the Local FlexibilityAMarksta(IMulti

Sided Plarform. In comparison to the traditional utility model, the complexity of this red@atiobn of the industry ecosystem is
significant. While it presents new opportunities for incumbent energy providers to collaborate and develop new praoiagssdtelL FM

market design will also dramatically reshape the value model of the industry.
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1. Introduction

Developing infrastructures, technologies and supporting business models to unlock energy market flexibility is
currently one of the core questions discussed in various key energy policy circles in Europe (European Commission
2015 a; b; EC Europa 2015). In an environment of increased deregulation, competition and collaboration, achieving
a demanedesponsive smadrid depends not only on the intersection between ICT and energy infrastructure but
equally on sustainable business models and stakeholder collabokétiorsiied, et al., 2015Yhe technologies,
methods and aspects surrounding the smart grid are digruptiovations that present both challenges and
opportunities to utility business models and the actors involvwach et al., 2016a; bAla-Juusela et al., 2014

For the power industry, business as normal will likely not be possible and those mairttaidithgnal practices

wi |1 l'i kely fall to competitive pressures. Driven
energy system is and will continue to undergo significant transformations, with flexibility as a cornerstone of
emerging aergy market desigii We ar e transitioning away from a pow
stations follow electricity demand, to an overall efficient power system where flexible producers, flexible consumers
and storage systems respond to increagmermittent supply of wind and solar powdBNE, 2015: 1) Within

this vein of transformation, increasing focus is being placed at exploring the local level markets. Decentralised
energy (DE) is energy generated at or near the point of use and inefitrssbuildings (including both domestic

and residential) doubling up as power stations via their usage of generating technologies such as solar panels, winc
turbines or cogeneration uni®he growing interest in local energy communities is furtherédddly the increasing
adoption of both distributed energy resources (DERS), and residential Internet of Things (IoT) devices.

These advancements are paving the way for paradigm shifts in the energy generation/distribution system. Indeed,
moving from aunidirectional electricity grid system that delivers energy from centralized power plants to customers
through transmission and distribution lines represents a disruptive(\8tafhsteina & Bumpus, 20165uch
transformations in energy systems, necessittlie need for exploring the role of innovative business models and
adapting, and in some cases creating new stakeholder roles, to realise the opportunities available associated witt
flexibility in local market contexts from the context of Prosumies o r o n pr o s u m@aductowaneg s f r
aggregatorgSteinheimer and Ulrich, 2012; Rathnayaka, et al., 20t omparison to the traditional utility model,

the complexity of this recharacterization of the industry ecosystem and business model asigfit date,

energy market actors have primarily focused on technology advancement within the smart grid which is within their
comfort zone, however, this recharacterization will also require a call to action to engage in business model
transformation with is new to most\(alocchi et al., 2010)

In this fashion, the main contribution of this paper is that fasnecosystem perspective, thesinessnodelling
methodology of alue network analysi®&/NA) was utilised Peppard and Rylander, 20@6)developa multisided
business model (MSP) forlacal flexibility aggregator to facilitate flexibility management between Suppliers,
Wholesale Market Aggregators (WMAS), Distribution System Operators (DSOs), Consumers and Prioghmers

Low Voltage area of thgrid. This paper argues that empowered by ICT, analytics and smart technologies, the
emergence of the Prosumer as an active participant in the energy value chain will herald the erssiofethulti
platforms (MSPsywhich fundamentally changélse energy mael landscape with flexibility at the core of a new
energy market desigiThe rest of the paper is structured as follows. In the next section we discuss the business
model shift to MSPs. Section 3 def i nerslestNextwelpreserd | Fl
our intial findings around the conceptualsing the LFM as a NF8fally, Section 5 states the concluding remarks

and discusses some directions for future works.
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2. Business Model Shift

The traditional power grid wadesigned only to carry energy from few central generation points to the final users.
Today however, the power grid is facing a series of new denfitaisshed, et al., 2015rollowing the adoption

by EU countries of the Directives for the reduction of,@@issions, the last 11b years have seen the increasing
penetration of Renewable Energy Resources (RES) on the grid. Typically located at the Medium Voltage (MV) and
Low Voltage (LV) levels, these intermittent and fluctuating distributed energy reso(DdeRs) require
management to maintain grid stability and balance. The grid also continues to electrify. More users have higher
demand profiles. Especially in urban areas, increasing grid capacity and avoiding grid congestion is a challenge.
This will coninue to worsen with the welcome increased penetration of electric vehicles although as storage systems
their batteries can also provide solutigbsipont et al., 2012More and more, there is the need to manage and plan
grid operations at the low voltatgvel where Consumers, Prosumers, Suppliers, WMA and DSOs will need to act
and collaborate in new wayBNE, 2015)

Converging evidence indicates that there is a real opportunity to resolve or mitigate some of the current challenges
through the harnessingformation and communication technologies (ICT), analytics, control strategies and smart
devices for automating changes in how and when consumers consume, generate or store ¢€aipein
Commission, 2015aWhen Consumers or Prosumers agree toghaheir planned consumption profile, this is
called flexibility and the consequent shifting of loads can provide one tool to manage network capacity, congestion,
and to achieve balance at local levels. If homes can individually and collectively lavelaimand load profile,

then the generation, distribution and storage of electricity at the LV level (and indirectly at higher voltages) can be
optimized (Lennard et al., 2013hdeed, the increasing rate of intelligent domestic devices provides a pealifm

for a smarter distribution network by creating a novel market energy model to maximise the advantages of DERs
through smarter coordination of a prosumer community and DERSs to provide more flexibility at the LS riaue|.
consumers and prosumers defined as those that use demand response to shift their flexible loads. Prosumer
communities imply a collective force that would theoretically influence, and be influenced by the local energy
market Cynch et al., 2016a Local flexibility is at the canerstone of this new emerging energy market design
(Rathnayaka, et al., 2011)

Bringing this opportunity to a realitghe formation of prosumer communities implies that they should have an
intermediary to help manage DG (Distributed Generation) andi38iputed Storage) with regards to the injection

of unused capacity to the Lgtid. A new role of a flexibility managgHagui, 2015)r aggregator\(alocchi et al.,

2010; 2012)s foreseen in the energy value chain to act as an intermediator and facilitating agent between prosumers
and traditional market players. The role being developed is one that combines the main aspects of flexibility
managemeniRochet, 2003and aggregatio(Ondrus, 2015)abeled the Local Flexibility AggregatoFA). The

LFA represents a community of prosumers who through their own smart technologies will also become an integral
part of the value chain as providers of flexibility. DSOs will be able toftexjbility from LFAs to locally deal

with congestions and increase grid performances and reliability (Lynch et al., 2016a).

In comparison to the traditional utility model (dRehter, 2012)the complexity of this recharacterization of the
industry eosystem is significant. While iresents new opportunities for incumbent energy providers to collaborate
anddevelop new products and servicesyilt also dramatically reshape the value model of the industry as a whole

and the value propositions requirby the markefWainsteina & Bumpus, 2016As energy, information and
revenue flows can happen in various combinations, the nature of value has changed as there are far more types ¢
reciprocal value and combinations of actor exchatmegliver valueMoreover, as new types of reciprocal value

will be generated, new value added businesses and services and new participants to the ecosystem that traditionall
would not have been directly involved in the industry will emékdeurshed, et al., 2015Consguently, the value

382


http://jssidoi.org/jesi/aims-and-scope-of-research/

Thelnternational Journal

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 23450282 (onlinehttp://jssidoi.org/jesi/
2017 Volume 4 Number 3 (Markh

capture opportunities available to the ecosystem participants will continuously increase, as will the complexity of
the business models to capture and expl-based budsinksa t b
mo d e | sserviceshirderdependent customer segments in an ecosystem qbtagipt 2014) In particular,
multi-sided platform (MSP) has gained prominent attenfi@ndrus, 2015as a business model that creates value

by enabling direct interactions between sevdrstinct groups of actors who need each other in order to deliver
goods or services to their custom@r®chet, 2003) The real challenge of understanding such an emerging and
dynamic complex business platform is @ap out the flexibility business modepportunities that will take
advantage of the new netweekn a bl ed capabilities that will all ow c
new valug(Rochet, 2003; EURELECTRIC, 201Xowever, there has been very little investigation in modelling

this dyramic ecosystem beyond viewing business model value creation from the perspective of an individual actor
which is not very effective when trying to ignite network based business models. It is the network of collaborative
relationships that provides the key understanding and realizing the business model opportunities within the
ecosystem concept associated with flexibility in local market co(®¢einheimer and Ulrich T, 2012; Rathnayaka,

etal., 2011)

3. Conceputalising the Local Flexibility Market as a Multi-Sided Business Platform (LFM)

On an individual level, flexibility isit he modi fi cati on of generation inj
reaction to an external signal (price signal or activation) in order to provide a service withimteeregy sy st e
(EURELECTRIC, 2014: b The parameters used to characterize flexibility in electricity include: the amount of
power modulation, the duration, the rate of charge, the response time, and the location. Emerging in EU are
technologies that alloior a twoway exchange between consumers and their energy supplier. Prosumers can be
highly active in balancing the supply and demand of electricity as entrepreneurs, by storing electricity through
electric car batteries or other storage facilities amdiging electricity generated from renewable energy sources
(RES), such as solar panels, or micro CHPs. Flexibility can be derived from various types of Active Demand and
Supply (ADS) from small commercial and residential Prosumers, representing allettgg-@nsuming or-
producing appliances that have the ability to shift, increase, or decrease their energy consumption or production
(programmability, automation, etc.). Smart consumers and smart prosumers are providers of flexibility. In a smart
grid conext each end user will use flexibility provided by his own smart technologies to reduce the costs associated
with the energy bill of his house. According to Lynch et al. (2016a) the specific set of smart technologies end users
will use flexibility to selfconsume, move loads when cost of electricity is lower or for more complex management
strategies. In most cases the reduction of the energy bill will be the first driver for consumers to become prosumers.
However, besides using it in the house, prosumersieaide to offer their flexibility as a product to other actors.

Customers of flexibility acquired from residential and commercial sources include other Prosumers in the local
community, the DSO that distributes energy to that local community and arctbesupstream value chain which

may include other DSOs, aggregators of aggregators, balance responsible parties or TSOs. In simplified terms anc
as illustrated in Figure 1, depicted in the right proportion of the dotted line, the classical energynsgdtem

model involves the reliable and universal sale of energy at reasonable prices by utilities to consumers. Information
flows (billing information from utilities to consumers) and revenue flows (from consumers to utilities) are
unidirectionalandthe onsumer pl ays a passive ssoded@OLyachkee¢et mald
the AUtilityodo business model and has been | argely u

The unbundling of energy markets and emergence of renewable energy teckniodagebegun to change the
energy market model landscaf@upont et al., 2012)The realization of the smart grid and emergence of a
flexibility market will change it even mor@alocchi et al., 2010)This is depicted in the left portion of the dotted

lines in Figure 1 which shows our conceptualization of a Local Flexibility Market model (LFM) where a LFA is
between the consumer/prosumer and the upstream energy system actors (Lynch et al., 2016a). In comparison to th
classical utility model, the compleyibf the ecosystem is significant. Moving from a passive recipient of energy,
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within our conceptualsaion of the LFM, the Prosumer will now become an empowered and integral value chain
participant offering flexibilityIEA-RETD, 2014) In a smart grid contt each end user will use flexibility provided

by his own smart technologies to reduce the costs associated with the energy bill of his house. According to the
specific set of smart technologies end users will use flexibility tecegiéume, move loads wh cost of electricity

is lower or for more complex management strate@edhnayaka, et al., 2011) most cases the reduction of the
energy bill will be the first driver for consumers to become prosumers. However, besides using it in the house,
prosumes can decide to offer their flexibility as a product to other actors. In this sense, prosumers belonging to the
community will be able to trade flexibility with each other in order to minimize the individual costs associated to
their energy bill. One endser will not only rely on the flexibility provided by its own smart technologies, but will
also be able to buy the flexibility provided by the other end users of the same community and globally reduce its
bill. In addition, it will be possible to use flioility in an aggregated but still locali form to cope with local
congestion problem&URELECTRIC, 2011)

Figure 1. The Structure of the Local Flexible Market (LFM

The LFA is responsible for acquiring flexibility from Prosumers, aggregatimgaita portfolio, creating services

that draw on the accumulated flexibility, and offering these flexibility services to the other market participants such
as the WMA, DSO and other LFAs. Local flexibility is at the cornerstone of this new energy maiket aled is

the added value of the proposed Local Flexible Markbe argument being proposed is that the centralised
management of flexibility by the WMA is not always effective for congestion and capacity management and that
local optimization of flexibity provided by the LFA ensures that flexibility is first usied in-home optimization;
second traded at local level and; third aggregated for wholesale markets. For the DSO that provides services to a
LEC, it is possible to use flexibility in an aggeggd- but still locali form to cope with local congestion problems

and capacity requirements. The DSO benefits from the local flexibility market in two ways. First, a more efficient
and reliable distribution of electricity is possible because bettendatpand predictability is attained at the local
level. Second, investments to increase the capacity of the network can either be delayed or potentially avoided.
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