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