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1 Executive summary

There is an intrinsic understanding thigbodarchitecture defines the lonterm functionality and resilience

of buildings and that it has a strong bearing on butgdperformance. However, it is not considered
dmeasurabléand it rarely features as a quantifiable value driver in investment cycles and legislation. This
report aims at establishing a baseline on how architectural solutions can supyitting performane and

be market drivers for wnersduring the decisiommaking procesdn order to be coherent with the TripleA

reno project, the focus lies oarchitecturalservicesof retrofitting the existing building stoc&nd the value
thereinfor occupants

As a mater of fact, the latest assessments of the European energy strategy for 2030 targets show that energy
efficiency and building renovation targets in the residential sector are not being met with a sufficient pace.
This implies that sustainable homes arehiog but buzzwords without considering the need and wish of the
residents within. Too often we forgedf whom buildings and innovative technical systemsiarended.The
TripleAreno project is adopting a peoplentred approach to reduce finahergy usage in the residential

EU building stock, thus going beyond the limited focus on technaldggn solutions alone. This approach

is supporting the upcoming perception within the field of energy and buildings that people (and not buildings)
consune energy Thisincludesthe important effect of the behaviour of people living in buildings together
with the values, habits and motivation factors connected to energy usage. In a broader perspectee, the
human factorsare responsible for the success oéduced energy consumption, enhanced building
performance and user comfort and health, must be taken into consideration.

The University of Reading (UK) has consolidat&itaéegic reporton existing kiowledge demonstrating the

value of design and the mlof architects across Eurog€allway, et al., 201%imultaneouty to this study

Post Occupancy Evaluation (POE) is highlighted as one of the tools to enhance the user experience, yet the
authorsstate that more informatiorns required to bettetunderstand the use®/iew of the role of Architects

and the value of desigfibid).

heritage
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Page5 of 70



* X %

*
* 5 %

Chapter 2 identifies and categorises various perceived valuasbitecture. The seven areas can be found
in Figure 1. It is assumed that the more o ttategories are covered by the architect the higher the value.
All the categories touch the perception of owner/ occupants. As a result, they go beyond-tadestiriple
bottom line of sustainability, which includes the social, ecological and economic(Balige Serin, 2018)

This report comprises:

1. An update on key trends, as well as commonalities in the metrics used to measunealie of
architecture, resulting in a list of criteria allocated to seven main areas, see Figure 1
2. A list of research projects that were identified by the involved project partners, which have taken
AyaGz2 002dzyi GKS LI G S yfilende the evioushAideatife@criter D K A (G S O
3./ 2YLRAEFGAR2Y 2F GKS NBadzZ G6a 2F GKS ARSYGATASR
architecture and its bearing on building performaicg/ R 2 OOdzLJr yGaQ al GAa¥FI Ol
4. The currentdevelopments towardsmat buildings and the smart readiness indica{®RI)how it
fits into the value discussicend which benefitét potentially providesto occupants.
5. An update on the degree to whickthe value of architecturds taught inEuropeanarchitecture
schools.
6. Vaious best practice examples of architectural and building performance excellemesidential
retrofitting projects.

In summary, this report examines the value of architecture, which criteria it involves, to which extent was it
already researched, areniversities in Europe teaching it and are there best practice examples.
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2 How andwhat tomeasure? Anu p-date on key trends and metrics

When investigating the value architecture can bring to a building, it becomes clear the value goes beyond
the building scale, affecting its occupants, owners, investors, neighbours, the whole community, district, city
and nature beyond. This leads to various types of value, such as social, environmental and e¢®aonmic

et al., 2018) Moreover, there are different ranges of its scale, for instance neighbourhood, urban, regional
(ibid). Besides, the product of design value is not only the building, but also the building process, which can
be positively and negatively affected by gatekign.In fact, there is little doubt thadgoodbor high quality
architecture is a public good, one that creates positive externalities for the surrounding structures and
communities(Bourassa, et al., 2004yhis concepof quality architecture as a public good explains, in part,

the existence of historic districts, design reviews, planning boards, and goverimeosed aesthetic
requirements for permittindMillhouse, 2005)

Yet, the questiomemains,what is the unit, the currency of this vatue

Architectural alue cannot be simply calculated in money, as the value of design varies per stakeholder
dramatically. On the one hand, it is measured in money for an investor, in terms of highal vahie,
increased asset value, less maintenance and better resale value, just to mention évifimvuse, 2005)

On the other hand, the developer profits of good design in terms of quicker permissions, a more edficient
safe construction process, increased public support and generating a good reputation. Whereas for the
occupant the benefits include e.g. fewelisdiptive moves, reduced security expenditure, reduced
maintenance costgreater accessibility, increased occupier prestigeter health and welbeing(Serin, et

al., 2018) As a result, an investigation into thalue ofarchitecturaldesignis a rather complex task, which
requires consideration of the various types, scales and currency units of this value.

Therefore, in this context, we need ttefine the parameters involved in our valuatidiocus i.e. how to
measurefigood design. Furthermorejf we are considering thertogether orseparate, and thalgorithmic

for aggregationDowe aimfor a normative value, for the sake of comparability, publicity and integration
with other tools or just as a seféporting informaton? Finally,how to approach their measuring, meaning,
on which foundations tdasethe quantity offigood design of a building.

Any valuation system is based on a set of principles (the foundations orienting the valuation activity), and a
combination of diteria (the aspects to be measured) and methods (the technigues to get from the qualities
to the quantities).The criteria guiding a valuation process are, on one hand, normbgised: @ministrative
oriented processes are objective, basedme-set formulations and modules, and are used for valuations
that need to comply with comparability, legality or equality requirements, thus oriented to third parties/
public knowledge, such as certifications, taxes or urban development; while raanikated processes are
subjective, dependent on the evaluator experience, and usually aim to inform, support or justify decision
making, thus oriented to the owner/ private knowleddeurthermore valuation processes can focus on
different areas of the valuald item (Ministerio de Economia y Hacienda (MEH), 2008)

The first question that was addressed wasiose value are we looking aValue is very subjective and
depends on the stakeholder. However, even in each stakeholder group the value varies depending on
subjective hierarchy of consideration. Very often the user, i.e. building occupant is overlooked. In line with
the TripleAreno objectives one way could be to define design value in relation to the user experience. It is
to be noted that many studies on sustainability, but even more on health, comfort andbeialy are focused
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on tertiary building Thus, studying its value, relidity and measurement in the residential context reinforces
the approach of the Triplefeno project. Moreover, the project team is working on enhancing the renovation
rate, which is lagging behind in Europe. As a rethétfocus is in determining how tmeasure the value of
architecture from the perspective of occuparmkexisting residential buildings in the needrehovation or
currentlybeing renovated.

Good architecture, in fact, is something that we all seek, and which is difficult to defawenlaination of
multiple criteria that equate to a multitude of values individuals may not completely agree upon. Vitruvius
(circa 8015 B.C.) insisted that three fundamentals should be present: function, structure, and beslitgh
remains true until tody. Others might argue the relationship of a building with its surroundings, cultural
context and socieffs expectations at the time are also important. Value for money might be added, based
on costbenefit evaluation that variously includes tangible anthngible components. Finally, Sir Alexander
John Gordon, in his role as President of the Royal Institute of British Architects, dgfowetarchitecturé

in 1972 as buildings that exhildibng life, loose fit and low enerdyGadon, 1972) These characteristics,
nicknamed by Gordon as the 3L Principle, are measurable.

The idea of building for permanence, incorporating flexibility to accommodate future change, minimising
energy footprint throughout its physical life in anstieetic built result, is surely the ultimate holistic objective

for the architecture professioriMurray, 2011) Today these objectives may be summarisediasable,
adaptable,sustainable and aestheticdGoodarchitecture should reflect these properties, and not merely be
works of public art or a monument to their designers, technological prowess or the financial wealth of their
owner(Langston, 2014)n this context(Langston, 2014)ses a case study methodology to assessioad
architectured of 22 projects that have won architectural design awards.

As a result, architectu® true value may be found at the resolution of the dichotomy between economi

and cultural concerns, both of which are traditionally considered to be conflicting ngddfas, 2003)
Change in values, however, is occurring and architecture is being utilised as a tool to positively influence such
diverse interests as sustainability, economic viability, and productivity, and personatbeued.
Regeneration through innovative and successful architectireuld be integrally involved in a renewed
vitality of urban life and cultur@Varpole, 200Q)Architecturds true value is its ability to accommodate these
interests.(Bole & Reed, 200¥ncourage discourse and discussion about the different forms of value and
how it is perceived in an architecturaense, considering that there are numerous classifications and
perceptions of value in our society, which are in a constant state of change, and it is imperative that we
regularly reevaluate the relevance of these evelnanging values to design in redarto:

1 The economic value of good architectuomuld bring a prime cost reductioskills and expertise of the
architect can provide cosgffective solutions to complex problems, not only saving money, but providing
extra benefits in terms of increased @ easier access, more efficient working and living conditions
(Carmona, et al., 2002Additionally lifecycle costean be reducegdsince clients are interested not just
in the productivity of the building process, but also in the occupancy costs in relation to their own
economic objectives. Clients are now becoming interested in a new and most important concept:
measuring the produdvity of building use through timéLoe, 200Q)Costs can also be saved through
better managementBringing together a multdisciplinary teantonsisting of designers, cost consultants,
representatives from client organizatisn end users, stakeholders, and, in some circumstances,
members of the wider community in order to identify the purpose of the project itself and the activities
it is to accommodatélLoe, 200Q)
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9 Sustainabilityis related to theecological valuef architecture taking greater regard for the orientation
of the site, local topographical and environmental factors, and designing antufiimey buildings that
take advantage of these to minimize energy gsed therefore revenue casg and provide comfortable
and pleasant environments in which to work and I{Bole & Reed, 2009Also, related to them, the
notion of resiliencegoes back to the 19th century and was originally based in engineeringthi¢ is
property of a material to absorb energy when it is deformed elastically and then, upon unloading, to have
this energy recovered.Tredgold, 1818ntroduced the term to describe a property of timber. From an
ecological pengective,(Holling, 1973) Yy AGA I t £ &8 RSTAYSR NBaAAfASYyOS I a
agaidtsSvya G2 lroa2Nb OKlFly3Sa 2F adlrdiS @FNRIFIoOfSax
Resilience engineering is a®rned with building systems that are able to circumvent accidents through
FYGAOALI A2y T &adzNBADS RAANMHZIIAZ2Yy A (MdddiP&dddcKksonNE O 2 €
2009) Therefore, resilience, as sustainability, is not a specific building attribute, which could be
guantified, but a complex management process of the built environment dealing with thetdomg
evolution of buildings and infrastructurggohler, 2018) Good architecture contributes to building
resilience against extreme weather conditions, such as heat waves and floods, but also against critical
events such as earthquakes.

1 Social value of architecturdies in deliveringnore liveable, sociable spacéSerin, et al., 2018Ys00d
design may lead to lower crime rates, lower demand on health provision, and possibly even better
educational attainment in the long terifWwarpole, 200D

1 Most criteria found in literature are related to thenctional valueof good architecture. Good design
layoutscould supporta longer lifecycleof the building andf 2 NJ I dza S NI aExainigl@sfcdiild £ A F S
be an enhancel functionality/ fit for purpose/ loose fit Alsoimprovingdaylight accessonsideing the
FE22N) G2 OSAfAYy3a KSAIKG Ay,ug8eMRIANgImass to impraiNBedtal ( K S
comfort can be influenced by design. In addition, th&fety for occupants and construction workers
(prevent fire, minimize earthquake/flood damagesh be improved by good architecture.

! NOKA ( Suluiiatizslite@es in its nature as a public good or externality, affecting positively and
negatively both theinside and the surroundings. These effects are usually determined by those who
commission the building, often through a lack of awareness or chne. cultural valueof good
architecture isncreasng the communityvalueandhencestronglylinkedto the socialvalue.It couldbe
found for instancein animprovementof the publicrealm quality, a raisethe communitycohesionand
activitiesor the provisionof better publicamenities(i.e. parks,fountains,electricalcharging benches,
sportfacilities)

1 Thevalue area ohealth andwell-beingandits relation toproductivity, given the ability of buildings to
provide heat and coolness, light and shade, companionship and sanctuary, excitement and rest. It has
been demonstrated that buildings, whigttively pursued sustainable design, have also enhanced the
200dzLd yG1AQ LISNOSLIIAZ2Y YR dzaS 2F (KS odewelRasy 3> ¢
its social sustainabilittMyers, et al., 2008)The healthrelated valueof an architectural design is most
vital for the user/ occupant. In the last years, the sustainable building design has moved from an energy
efficiency centric toan occupant experience centric approa¢Bteemers, 2003)trying to link
sustainability rating systems with comfort of occupants and conservation of natural resdLiaeg, et
al., 2014) The research in the area of sustainable building design and thdeiefj of the user faes on
energy performance, daylight, ventilation, acoustics and occupant feed{Rall & Taylor, 2008)
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However, this should be taken with caution, since ¥eling and comforiof occupants could be in
conflict with the performace of the buildingas discussed ifAl horr, et al., 2016)reen building designs

do not automatically guarantee that the building designed will be comfortable and ensure occupant well
being; and just designing a potentialtpmfortable building is also not enough; thus, we will need to
monitor both building and occupant performance during its operatidnghis context(Mateo-Cecilia,

et al., 2018)analysis of the state of the art determines thimur factors are widely considered to
characterize the acceptability of an indoor environment: indoor air quality (IAQ), noise, lighting and
thermal comfort. In order to assess comfort and health conditions, international organigadiuh
research instiitions have developed standards to define the acceptable ranges of the ma{mteQr
environmental quality) parameters, but, these ranges are not universally applicable acrbagdatig

types, climates, and populations, and there are some key asgiakiag overall satisfaction with IEQ,

such as the type of job and the country of origin, which have not been pondered by standards. Other
aspects such as the level of education, the psychosocial atmosphere and time are also important and
have not been stdied enough in the built environment field.
Architects add value to cultural/ buitteritagein terms of arincreasen buildingresilience/durabilityby
protectingthe buildingcharacter enhandngthe buildingpreservationandproposnganintegrationwith
the surroundingenvironment

To ease the overview ohe variousvalues of good desigfound in literature(e.g.(Samuel, 2018)Serin, et
al., 2018), and discussed aboy¢hey were grouped into economic, ecological, social, functional, cultural,
health and heritage values$t appears that good design influencall sevenareas Tablel comprises all
identified values.

Table 1.  Criteria of good architecture
economic ecological social functional cultural health heritage

- increasen Real -improvethe | -create -improvesafety | -increase | -improve - increasebuilding
Estate value urban liveable for occupants the healthyand resilience/durability
- Raiseoccupant environmental | places andconstruction | community | active - proposean
productivityin quality - support workers(prevent | value lifestyles integrationwith the
tertiary buildings - provide 02 Y Y dzy | fire, minimize -improve | - increasethe | surrounding
-facilitatereal sustainable identities earthquake/flood | the visualaspect | environment
estateproject environments | andcreatea | damages) cultural andinfluence | - protectthe
funding/investment | - support senseof -improve value the feelingof | buildingcharacter
- lower the risk of biodiversity belonging accessibility -enhance | selfworth - supportthe
gentrification -deliveran - enhance - enhance the public | -improve heritagevalue/
- ensureacost efficient visual functionality’ fit | realm indoor air legacy
efficient resourceuse | appearance | for purpose quality quality - enhancethe
budgefconstruction | -increasethe of the built loosefit -raisethe | -improve building
process environmental | environment | -increasethe community | indoor preservation

value creatinga urbanquality cohesion | environmental

- mitigate visualvalue | experience and quality

climate for the -improve activities -improve

change community | navigation - provide acoustic

- reduce - provide throughspaces | better comfort

pollution inclusive - enhance public -improve

- reduce spaceghat buildinglegibility | amenities | lighting

carbon support (the degree (i.e.parks, | comfort

emission diversity wherethe useof | fountains,

Pagel0of 70
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- enhancethe | -address the building electrical -improve
natural activeageing | couldbe easly charging, | thermal
landscape designfor understood) benches, | comfort
- provide elderly - improvethe sport - select
efficientand - provide flexibility and facilitie9 materialsand
effective strategiesto | adaptabilityof texture that
water/waste prevent layoutsfor a positively
management | deprivation longerlife-cycle influence
solutions - provide - improveurban LIS 2 LI S ¢
- reconnect strategiesto | strategiesfor mentalhealth
peopleto prevent activetransport andwell-
nature crime - enhanceurban being
through - be socially | strategiesfor
biophilic sustainable | publictransport
design - provide a -increase
-improvelLife | social return | alternativesto
Cycle of reducecar
Assessment | investment | dependency
(LCA) -increase -improve
occupant buildingsfor a
satisfaction | dza Swhilelife
by Post cycle
Occupancy | -improve
Evaluation daylightaccess
- considerthe
floor to ceiling
heightin orderto
improvethe
dza Sexperence
- use building
mass to improve
thermal comfort

Summing up, by identifying thealue criteria of ggoodd architecture, one might say we hawdefined the
currency or unit of iland areable to evaluate it betterMeaning,the more of these criteriare positively
affected the better the architecturehence the higher its valu&vidently theresearch limitatioriies inthe
everchanging nature of the building process ahdilt result throughe.g. digitalisation and innovative
technology leading to ever changing criterend their definition For instance, energy efficient buildings
changed to low energy buildings, themnearly zero energy buildings, passive buildings and currently moving
towards positive energy buildingsd smart buildingsHence a criterion on energy efficiency has to amend
in its definition. Whereas other criteriaglating to economic or social thges might rest unchanged.
Neverthelessthe above identified criteria provide a sort of chdit, which enables holistic assessment of
the value of architecture especially from the occup@misrspective.

The value criteria have been used as a bfssign online survey amongst European architecture faculties
and departments. The aim was to investigate to which extent these aspe@jsabdarchitecture are taught
to students and researched. The results of the questionremaysesare discussed isection 6.1.

Moving on, he project team creatd a core database of EU funded projedtsat were looking into the
various criteriawhich are summarised in Chapter This was undertaken in order to investigate whether

Pagellof 70



Triple

N
=-reno

there were any reports/ findings/utputs on the identified criteria and if/ how were these measuredhich
will be elaboratedin Chapter 4

3 Research projects

examining the criteria

This chapter consists ofliat of research projects that were identified by the involved projstnersas the
ones thathave taken into account the potential Gioodarchitecture to influence the previously identified

criteria.
Table 2.  EU funded projects related to the value of architecture
Project Architectural Value Criterig Project website Link toresults
Level(s) voluntary reporting http://ec.europa.eu/envir | http://ec.europa.eu/environ
(on-going) framework with six key onment/eussd/buildings. | ment/eussd/pdf/LEVEL(S)%
areas: greenhouse gas htm OCONFERENCE%20REPO
emissions, resource df
efficiency, water use, http://susproc.jrc.ec.europa.
health and comfort, eu/Efficient Buildings/docs/
resilience and adaptation, 170816 Levels EU framew
and cost and value rk_of building_indicators.pd
f
ALDREN sustainability, comfort, https://cordis.europa.eu/ | https://aldren.eu/outcomes/
(21072020) health project/rcn/212280/facts | (No results yet)
heet/en
https://aldren.eu
ABRACADABRA | Raising the real estate http://www.abracadabra | https://cordis.europa.eu/pro
(20162019) value, while retrofitting project.eu/ ject/rcn/200018/reporting/e
residential building blocks n
through additions,
renewables and raising
architectural quality
MOBISTYLE Comfort, health, https://www.mobistyle- | https://www.mobistyle-
(20162020) occupant$satisfaction project.eu/ project.eu/en/mobistyle/diss
emination/public
deliverables
P2Endure Prefabricated Plugnd https://www.p2endure- | https://www.p2endure-
(20162020) Play (PnP) systems enabl¢ project.eu/en project.eu/en/results/Publis

by 3D printing, laser, and
thermal scanning
integratedwith Building
Information Model (BIM)
for deep renovation of
building envelopes and

technical systems.

hinglmages/di
3/D5.1 Organisational%204d

nd%20activity%20plan%20f
r%20establishment%200f%
0the%20TCP.pdf
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BRESAER
(20152019

Coupled coseffective,
adaptable, lowintrusive
and industrialised envelop
(for fagades and roofs) with
an innovative Building
Energy Management
System

http://www.bresaer.eu/

https://www.youtube.com/

watch?v=804R3uM5GcU&f
ature=youtu.be
https://github.com/opensou
rceBIM/BIMserver/wiki/Exte
rnal-services

SSO
(20142017)

sustainability, comfort,
health

http://www.five.es/proje

http://informesdelaconstruc

ct/sso/

cion.revistas.csic.es/index.p
p/informesdelaconstruccion
article/view/5898/6970
http://www.five.es/certificac
ion-edificios/oficinas/

NeZeR
(20142017)

Smart and integrated NZE
renovation measures for
nZEB

http://www.nezer-
project.eu/

http://www.nezer-
project.eu/designcompetitio
n.4.1f96676d145d7c937411
44d.html#.XJzi3i2Z09Y
http://www.nezer-
project.eu/dowrioad/18.4a8
8670a1596305e782d60/148
7344426863/Report%200n?
20design%20competitions.f
df

http://www.nezer-
project.eu/download/18.76¢c
6e08e15B302315f3866/148
0075541576/1 Ups_bookle

290416.pdf

NewTREND
(20142018)

Sustainability; comfort;
communication and
collaboration

http://newtrend -
project.eu

http://newtrend -
project.eu/documents/
http://newtrend -
project.eu/wp-
content/uploads/2015/11/N
ewTREND WP1 D1.2 Rep
t on_current_design_proces

s _v2.0.pdf
http://newtrend -

project.eu/wp-
content/uploads/2015/11/6

3-compressed.pdf

EASEE
(2011:2014)

Toolkit for envelope
retrofit in existing multi
story and multiowner
buildings combined with
novel design and

assessment strategies, wit]

WWWw.easeeproject.eu/

https://cordis.europa.eu/doc

s/results/285/285540/finali
easeefinal-report-public-

attachment.pdf
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scaffoldingfree installation

approaches.

OPEN HOUSE
(20102013)

Environmental, social/
functional, economic
quality assessment tool

https://cordis.europa.eu/

https://www.ace-

project/rcn/93875/factsh

cae.eu/fileadmin/user uplod

eet/en

d/eu funded projects/OPEN

HOUSE_AG1.2.pdf

SUPERBUILDINGS
(20102012)

Aesthetics; building
performance; land use;
comfort;

https://cordis.europa.eu/

https://cordis.europa.eu/pro

project/rcn/93577/brief/

ject/rcn/93577/brief/len

en

https://cordis.europa.eu/pro

ject/rcn/93577/reporting/en

https://cordis.europa.eu/pro

ject/rcn/93577/results/en

https://www.hindawi.com/j

ournals/tswj/2014/365364/

PERFECTIGW7
(20092011)

Health; comfort; safety;
productivity; weltbeing

https://cordis.europa.eu/

https://cordis.europa.eu/pro

project/rcn/89309/factsh

ject/rcn/89309/brief/en

eet/en

https://cordis.europa.eu/pro

ject/rcn/89309/reporting/en

https://cordis.europa.eu/pro

ject/rcn/89309/results/en
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4  Compilation of the results of the identified research projects

Based on thé®J funded projectdisted in ChapteB, we have identifiedfurther the valuation criteria and
their measurement principles and methods resulting from the developerk/research.

4.1 Level(s)

Level(s) ia voluntary reporting frameworllevelopedoby the European Commission. It creates a common EU
approach to assess the envirmental performance of buildings

Level(s) had identified six macro indicataxs follows

1. Greenhouse gas emissions along building life cycle
a. Actual building energy consumption (kKWlyr)
b. Life cycle global warming potential (CO2 ed/§m)
2. Resource efficient and circular material life cycles
a. Building bill of materials (kg)
b. Scenarios for lifespan, adaptability and deconstruction
c. Constructionanddemolition waste and materials (Kgfin
3. Efficient use of water resources
a. Actual water consumptiomg*/occupant/yr)
4. Healthy and comfortable spaces
a. Indoor air quality(Ventilation rateg I/s per n?, CO2 part per million, Relative humidity%
ratio of partial to equilibriumvaporpressure)
b. Time out of thermal comfort range
5. Adaptation and resilience tdimate change
a. Scenarios for projected future climatic conditions
6. Life cycle costi{m?/yr)

The indicatos can be assessed in three different levels; Common assessment, Comparative assessment and
Optimisation assessment.

Currently, the proposed indicateand assessments are being tedin 136 projects and a wider range of
groups. Next steps will involve raising awareness and engage all actorsprogramme building capacity
of industry and public authorities to practice Level@digning widely usedertification schemeanddigital
tools (such as BIM and renovation passport) with Leved(g)poring the development ohational policies
for more sustainable building environmentThe Architect8 Council of Europe supported the development
of Level(s) throughout with one expert and-operated with the EC on the testing phase. The architects
contribution is potentially high in all six macro indicators and relates back to all seven areas aleatified

in this report.

4.2 ALDREN

The project proposal is toonsolidate, promote and implement an extewlharmonised procedure and a
set of relevant instruments, based on the European Common Voluntary Certification Scheme for non
residential building¢EVCS) in order to support deep building renovation of offices and hotels.



* X %

*
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The project usea model to simulate the energy consumption and morstand verifiesthe results during
the first year of operation after the deep renovation.

A certified energyerformance, health and wellbeing indicators will be linked with financial and economic
indicators in order to facilitate the decision make proceBsese indicators relate to the seven identified
areas of value afgoodarchitecture of this report.

4.3 ABR ACADABRA

Thisthree-year Horizor2020 projectfocusal on the market uptake on energy efficienc\ABRACADABRA
aldlyRa FT2NJ!aairadlyd . dzt RéngTedelp theRA&UalBuildings up 2oaev S ( N2
energy, Activating a market faleep renovation.

ABRACADABRA is based on the prior assumption thagmengy related benefits play a key role in the deep
renovation of existing buildings. In particular, the generation of a substantial increase of the real estate value
of the buildingsthrough significant energy and architectural transformation to go beyond the minimum
energy performance and aim at achieving Nearly Zero Energy Buildings (TAieBs¢¢gration of Renewable
Energy Sources systems with new volume additions or new building O 2 vy @lesiydazlby an2anchitect

were investigated. Two building projects in Chapter 7, Tour Bois Le Pretre in Paris and the Tower
Weberstrasse in Winterthur, were best practice examples of this project.

4.4 MOBISTYLE

TheMobistyleproject ainsto raise occupant awareness on the relation between user behaviour and energy
consumption. The objective is to motivate a behavioural change in lifestyle in order to achieve an optimized
energy use through ICT tools.tool will inform the erd-user on acombinedset ofinformation regarding
energy, indoor environment, health and lifestylewill make the endiser more confident and conscious of
which action to take in order to lower energy consumption. A game will be developed to encogergda
compare their action with other users and access past achieveménésusercentric approach goes in line

with the TripleAreno project. The set of information covers areas theg potentially effected bygood
architecture during the renovatioprocess.

45 P2ENDURE

P2ENDURE aims to provideeqfabricated plug-andplay solutiors for energy efficientbuilding envelope
renovations and technical systems. The new solutions are be affordable, quick to manufacture and install,
easy to replicate, adaptdd and compatible to most of building types across Europereliage ten
implementationsites in which the products are applied amdonitored ensuring that they will be ready for

use for Etmarket by 2020.The fagades are being developed taking into calesation architectural design
solutions. Hence the value of good architecture is used in the project to define the renovation results.
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4.6 BRESAER

Theaim of the project is to develop a manufacture ceffiective and adaptable cladding and roof system for
deep building renovation to achieve significant reduction in the primary energy consumption. The technology
will also improve the indoor environment quality raising the thermal, acoustic and lighting comfort and
enhance air quality.

The project developed ange of too$ for every phase of the design. In early stages,-BER tool helps to
estimate the energy savings provide by the BRESAER system. thetiechnical design a BIM based tool
providesstraightforward feedback on buildability and codstinally during use, BEMs tool is able to monitor
and assess the energy savings after the implementation of BRESAER &ysenfithe final results of this
project is a tool for architects to support their decisioraking processes.

4.7 SSO

Smart and Sustainabl@ffices (SSO) pan European initiatives a Climatéic project which starteth the
beginning of 204 and lasted forfour years(December 20T). SS& maingoal was to investigatework
interior environments that positively affect useréealth value9 and reduce overall cost&conomyalueg
while reducing energy consumptiofecologyvalues.

The SSO hypothesis is that improving physical working conditions can improve productivitp@ration
processes without increasing energy consumptiororder to define a SSO valid modéyaluation criterig,

the first step wasto test the relationships between the offiée indoor environmerdl quality (IEQ)
parameters, energy consumption aremployee$ well-being, health and performancby carrying out
empirical studesin different climates, different seasong,real case scenarios.

Variables studied werer(ostly ecology and health related vallies

1 Noise, Lighting, Temperature

Positive emotins, Negative emotions, Flow
Activity worthwhileness

Health symptoms

In-role, Extrarole

= =4 =4 =

Where means, standard deviations, minimum values and maximum values and their correlations were
studied (measurements principles and methydesulting in aertification scheme and design guidelines
which can be regarded as a valuation system, including three main categories:

1 Environment: energy efficiency & sustainabiligg@logical value
1 Health and wetbeing: IAQ, noise comfort, therrhaomfort & lightning comfortiealth valué
9 Spatial quality: patterns, appliances, look & biophilia & accessilfilitgtjonal valug

Therefore, an approach trchitectural/ design evaluation through a compound of indicatonsas applied
and demonstrated in this project, focused onfilngctional, ecological and health valuesogether with ther
related calculation method. Howeverthe final relationship between the certification rating and its
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monetary/ productivity/ absenteism measurement was missirigconomical value), and thus, it supports
this reports vision and mission.

More information:

http://in formesdelaconstruccion.revistas.csic.es/index.php/informesdelaconstruccion/article/view/5898/6
970

http://www.five.es/descargas/archivos/BES oficiResumen_GUIA BES OFICINA V_2 0 B171220.pdf

4.8 NeZeR

The project promoted the implementation of Nearly Zero Energy Building Renovation in the European Market
in order toincrea® the awareness onstadvantages to all stakeholders in the design and consbuahain.

The projectdelivered several outcomes, such as the analyses and presentation of case,sifdids
implemented technicasolutionsfor renewableenergy sourcesin nZEB renovatiorfeasibility studies and
environmental and economic assessmdogsween traditional and nZEB renovation, guidedifeg city plans

to implement nZEB renovatigand training workshogpand competitions to improve knowledge about nZEB
renovation on the construction chain.

An architecturabdesign competitiorwas undert&enin Finland Thewinner proposl was the renovation of

a post war residential block targeting the improvement of living conditfonghe residents and increasing

the social value by implementing community spaces and shared/common.arbaseam looked in depth

at proposals for renewable energies, passive strategies for daylight and thermal comfort, ventilation
strategies and building materialBheyalsoanalyse the life cycle cosbf the base case scenario and the nZEB
renovation sceario and estimated a renovation paybaake.

More information on Finlan@® winnercan be foundunderthe link below.

http://www.nezer-projed.eu/designcompetition.4.1f96676d145d7¢c93741144d.html#.XJzi3i2Z09Y

4.9 New TREND

New TRENM@evelopedan integrated retrofit design methodology and tools for energy efficient buildings.
The tool for all stakeholders promatea participatory design process froconceptual design phase to post
occupancy evaluation phasélhe includes a library with information on different energy efficient
construction techniquesas well as platform for 3D model and energy simulations.

The project highlights the advantagektbe engagement of all stakeholders and mainly the-esdrs. This
involvementwith the occupants providefeedback to the professionals orderto create design solutions
that better address the occupants needds a result,occupantscan understand beter their home
functionalitesand technologiesare more conscienbn theirenergysaving use of their homes.

This project goes very well in line with the usentric approach of Triplefeno. Furthermore the design
process is highlighted, adding to the perceived value of architects, if they follow a participatory process.
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4.10 EASEE

EASEE crealea tookkit for fagades retrofitting in order to createraenergyefficient envelope for multi
storey and multiowner buildings built before the seventieBhe technical prefabricate modular solution for
internal and external renovation were tested in laboratory and trougtual environment models and later
validated in buildings in different countries.D¥esign software toolvas createdo assist architects in the
detail design stage.

4.11 OPEN HOUSE

OPEN HOUSE developed and implemented a building assessment methodology common to all European
Member States to assist the planning and construction of sustainable buildifigs. assessment is done in
sixmain categoriesenvironmental social/functional aml economicquality, technicakcharacteristics, process

guality and location. Each category has a calculatedrsgeystem and a assessment methodologiylhis

project took place before Level(s) was developed and the Arch@i€dancil of Europe was a camgum

partner. The assessment categories reflect the in this study identified areas of architectural value.

4.12 SUPERBUILDINGS

SUPERBUILDINGSustainability and performance assessment and benchmarking of buildivags)a
European Seventh Framework Prograsfor Environment which started in the beginning ofl®@nd lasted
for three years until the end of December 21

The main objectives of SUPERBUILDINGS were, among others:

91 to develop the potential of sustainability assessment and benchmarking metheekss(rements
principles and methods) progress towards a sustainable built environment,

9 to develop indicatorsvaluation criterid for assessing the environmental, social and economic
performance of buildings,

The focus was to develop commonunderstanding about assessment methods and performance levels
paying special attention on thealidity of indicators and the comparability of assessment resulitie focus

of the work was on the following issues: validigljability, comparability, assessment method in design and
operation, quantitative and qualitative methodsdapplicability.

In this context, ae of the objectives of SUPERBUILDWN&S0 develop knowledge on typical performance
levels.Severkey indiators were selected for that purpose, and these were the objects of an inventory of
accurate and actual data, based on statistical studies, regulation standards, voluntary schemes, or even case
studies, across seven European countfiesstly ecology anddalth related values

1 Land Use

1 Energy Consumption

1 Greenhouse gas emissions
1 Water Consumption
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1 Waste production
1 Hygrothermal comfort
1 Indoor Air Quality

Anotherobjectiveof the SUPERBUILDINGS project was the development and establishment of principles for
the design of new systems or further development of existing systemgldecribing, measuring and
reporting the sustainability of buildings and faciliti@dese principles may be applicable both during the
planning stage of new buildings or at the timiedelivery for demonstrating the quality of a property to third
parties, as well as in the evaluation and {gpading of existing buildings. For this reason, a systematic
approach is needed that results among others in an appropriate structure of assdssraams. The reason

for dealing with this issue is the fact that although numerous sustainability rating systems already exist in EU,
many countries face the question of whether and how to develop and apply a customized assessment system
that suit the regional characteristicSLhepossiblebenchmark valuedependon the type of the benchmark

and can be outlined as follows:

9 Target values: political targets, technical optimum, economic optimum
91 Best practice value: best practice, upper quartile

1 Reference vaie: median value

1 Limit value: legal minimum, prescriptive minimum

The project showed that there is a lot commonunderstandingespecially locdy, about the typical and

best performance values of different building regarding certain sustainabilityaitoisz. However, much

work is still needed to improve understanding of benchmarks and also to develop good processes for the
determination of benchmarks.

Therefore, an approach to architectural/ design evaluation through a compound of indicators was applied
and demonstrated in this projedipcused on theecological and health valuegogether with thestudy of
existingcalculation method; concluding that local actors were aware of their goals, dgb thatthere was

still work to do regarding the quantification and standardization of their related valuend thus, supporting

this reports mission.

More information:

https://www.researchgate.net/publication/263208702 New_trends_in_sustainability assessment system
s - based on_toglown_approach_and_stakeholders needs

https://cordis.europa.eu/project/rcn/93577/reporting/en

4.13 PERFECTION

PERFECTIQRerformance indicators for health, comfort and safety of the mdenvironment)was a
European Seventh Framework Programme Coordination Action for Comfort, Health and Safety of the Indoor
Environment which started in the beginning of 2009 and lasted for three y€hesgoal was to help enable

the application of new dgigns and technologies that improved the impact of the indoor built environment

on health, comfort, feeling of safety and positive stimulation. To reach this objective an indicator framework


https://www.researchgate.net/publication/263208702_New_trends_in_sustainability_assessment_systems_-_based_on_top-down_approach_and_stakeholders_needs
https://www.researchgate.net/publication/263208702_New_trends_in_sustainability_assessment_systems_-_based_on_top-down_approach_and_stakeholders_needs
https://cordis.europa.eu/project/rcn/93577/reporting/en
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(valuation criterig, as well as assessment todimeasurement pnciples and methodsased upon the
frameworkwere developed.

In this context, a importanttaskfocussed orthe use of indicators and the way they could stimulate the
development and the uptake of new designs and technologies

The developedndicator famework which was called the PERFECTION key indoor performance indicators
(KIPI) framework, was structured in a hierarchical way and was divided into four main categories and eight
sub-categories:

1 health and comfor{health valug

1 safety and securitgffunctional valug

9 usability and positive stimulatiofiunctional socialvalues)
9 adaptability and serviceabiliffgocial heritage valus)

The framework and evaluation methods form the basic elements of the PERFEASEE3SMent toolThe
target groups for this tooare end users (individuals, builders, designers, etehlpose design decisions will
be supported. The evaluation tool gives to registered users the possibility to execute an evajuabien
measurement)pf their buildings.The evaluation process is currently as follows:

9 input generic data

9 select the indicators to be evaluated and determine the importanceaxth categoy (critical,
important, standard,marginal)

9 rateindicatorin accordance with the methods developed irraltel with the frameworlandindicate
the relative importance of the evaluated indicateritical, important, standard,marginal)

1 system producea report in which the indicator coverage, the scores and the weights are clearly
written

The PERFECTION pobenabled the consortium to put indoor performanag a concept on the forefromif

the building valuePERFECTION KIPI Framework, the toolbox and DSS software and the promotional tool for
products and technologiesereapplied in a series of case stusli@ith positive results from the point of view

of assessment and monitoring.

Therefore, an approach @rchitectural/ design evaluation through a compound of indicatonsas applied
and demonstrated in this project, focused onfimgctional, social, heritage and health valugtogether with
their related calculation methods; and thus, supporting this rdparision.

More information:

http://www.irbnet.de/daten/iconda/CIB DC23312.pdf

https://cordis.europa.eu/project/rcn/89309/reporting/en
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5 Smart buildings and the Smart Readiness Indicator

When looking at the architectural value for occupants, one cannot omit considering emerging technologies
and how they interact with the architecturally designed building. Are they contributing a benefit for the
occupan? Are they all neessary or can passive design measures replace some? What are the potential
drawbacks and risks in this current movement?

Intelligent buildings have been researched and developed over the last three decades, but in more recent
literature, roadmaps and irdza G NA F £ NBLIR2 NI a GKS GSN¥Y aavYl Nl¢ KIa
seems to be the case in all aspects of the built environment sector; smart sensors, smart materials and smart
meters within buildings are seen to be the latest, most advancelrtelogies in our efforts to develop high
performing buildinggBuckman, et al., 2014)

The revised Energy Performance of Buildings Directive (EPBD) was publishe®fficiakJournal of the
European Union id9 June 2018 andntered into force 20 days after publication. The transition period for
the Member States to implement the revis&PBD is 20 month$wo of the main objectives of the revised
EPBD are:

1. to encourage the use of information and communication technology (ICT) and smart technologies to
ensure buildings operate efficiently;

2. 02 AYGNRRdzOS | adaavyl NEG NS IRAYSIASIZNG RA KOS (@ ok TR %)
technologies and electronic systems to adapt to the needs of the consumer, optimise its operation
and interact with the grid.

According to the revised EPBD the Commission shall adopt a delegated actblskisty anoptional
common Union scheme for rating the smart readiness of buildimgs31 December 2019European
Environment Agency, 2013)his optional common Union scheme for rating the smart readiness of buildings
shallestablish the definition of the smart readiness indicator and establish a methodology by which it is to
be calculated.

The upcoming act will establish the accurate definition of smart building. Currently, the definition of smart
buildings canonly indirecly be determined from the revised EPBD, which is the follovarsgnart building is

such a building, which adapthe operation to the needs of the occupants (e.g. control of HVAC, lighting
systems, building elements like shading, openings), and to tldeyg. demand response, smart meter), and

use information and communication technologies and electronic systems (e.g. building management system
accessible via the internet).

Other definitions for smart building and smart building technology can beddnititerature. In 2015the

American Society of Heating, Refrigerating andd&inditioning Engineers (ASHRAE) published a handbook,
GKAOK GAGES A& G{YIFINI .dAfRAY3I {2aiGSyac¢d wSTFSNN
components that exhiib characteristics analogous to human intelligence. These characteristics include
drawing conclusions from data or analyses of data rather than simply generating more data, interpreting
information or data to reach new conclusions, and making decisionfoataking action autonomously

without being explicitly instructed or programmed to take the specific action.

In summary the concept of Smart Building could be defined as a set of communication technologies enabling
different objects, sensors and functismithin a building to communicate and interact with each other and
also to be managed, controlled and automated in a remote way. Indeed, technologies help to connect a
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variety of subsystems that originally operated independently. Automated processesti#iaentrol of the
buildingds operations including HVAC (Heating, Ventilgtibin Conditioning), lighting, security and other

systems.

Smart meters,
demand response

Occupancy sensing

Fire
Functionality checks,

detector service

24/7 monitoring
Condition monitoring,

parking lot utilization

PEHV charging
Charging of hybrid

and electric vehicles

Water
Smart meters, use
and flow sensing

HVAC

Fans, variable air
volume, air quality

Elevators
Maintenance,

performance

Access and
security

Badge in, cameras,
integration perimeter,
doors

Figure2: Scope of Smart Building (source: IBM)

According tgErickson, et al., 201,1ip order to achieve energy savings on HVAC, real time occupancy data is
critical, and it can get a 1042% annual energy savings compared to the current state of the art baseline
strategy. According to elektormagazine.com, a 10% reduction of the spadechém workplaces in a 10,000

mz office can save as much as 1,000,000 EUR per year taking into account that 50% of available desks are
unused in France due to teleworking. The major motivation from building occupants/managers to implement
smart solutiongemains the reduction of electricity bills ahead of any environmental concerns. A study led

by the American Council for an Energy Efficient Economy finds a cost saving2%o2&hen using smart

HVAC and smart lighting. As argued in Chapter 2, it has hoted that many studies on sustainability and

smart building such aglLiang, et al., 2014jPaul & Taylor, 2008 (Mateo-Cecilia, et al., 2018are focused

on tertiary building; thus, studying its value, reliability and measurement in the residential context reinforces

the approach ofhe TripleAreno project.

5.1 Smart building features /ICT and benefits for the occupants

The design and adoption of novel informationdacommunication technologies (ICT) towards achieving
higher levels of energy efficiency in the buildings sector is considered promising. ICT has the potential to
enable a 20% reduction of global CO2 equivalent emissions by 2030, holding emissions lav@@1as

stated in the Global-Sustainability Initiative SMARTer2030 rep@iobal eSustainability Initiative (GeSl),

2015) The application of IGAhabled solutions is going to provide residents with greater insight anttalp

and an enhanced living experience whilst saving energy and resources. However, the application of novel ICT
technologies for energy efficiency has also to rely on people adjusting their energy consumption behaviour.
As stated in the report afhe European Environment Agen{iuropean Environment Agency, 2013 to

20% of energy savings can be achieved through different measures targeting consumer behaviour.
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Towards the design of such solutions, the identificationhef main energy consuming factors, trends, and
patterns, along with the appropriate modelling and understanding of the occupdmtisaviour and the
potential for the adoption of environmentaHfriendly lifestyle changes have to be realized(Hatopoulou,

et al., 2017) an innovative energgware information technology (IT) ecosystem is presented, aiming to
support the design and development of novel personalized energy management and awareness services that
could lead to occupatsdbehavioural change towards actions thaiutd have a positive impact on energy
efficiency.

In(Morvaj, et al., 2011 xhe potentials of smart buildings as the basic building block of cities, such as demand
side management apabilities, micro renewables, micro energy storage, or basic elecipiditg based
consumption control, have been scrutinized and put into perspective.

In the residential sector, the stalled smart homes can be categorised based on their area of,feaok as
energy, information and communication, security, health, environmental, home entertainment, and
domestic appliancegKamel & Memari, 2019eview different types of energy smart homes under three
major groups: homes ith energymonitoring systems, systems with control capabilities, and systems with
advanced datgrocessing capabilities. Smart homes with energynitoring systems merely provide the

total or granular energgonsumption data of the house by using equipmench as irshome displays,
whereas systems with control capabilities also include a control unit that can send proper signals for either
passive or active measures, such as appliance on/off commands. In contrast, systems with advanced data
processing cagalities include an advanced central processing unit that can provide more complicated
analysis results, such as systems that are equipped with an optimization algorithm to optimize the
temperature or appliance schedules based on the residumfort level and energy cost.

Smart building features provide several benefits for the occupants. Smart building technologies require less
manual interactions to control technical building systems, whilon one hand convenient for the
occupants, ad on the other hand saves energy. Smart building technologies may cover the following areas
and functions usually with the usage of a buildmgnagement system:

A Optimized control of heating, cooling and ventilation systems

Inthe heating and cooling systeranintelligent thermostat can be used: the sédfrning thermostat
GFr1Sa Ayd2 F002dzyd GKS NR2YQa inekéNdd fdr hegikKg/NJ O ¢
cooling the room at a given temperature, and learns with preésedtitudes to find out during which

periods are occupants in the building, thereby optimizing energy consumption for heating and
cooling.

A Automaticoperation ofshutters

Smart buildings may ensure automatic operation of shutters in accordance with heating and cooling
systems, and depending on external influences, e.g. solar radiation intensity on the facade, nighttime
thermal protection below a given outdoor temgsure.

A Control of the lighting system
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LED light fixtures have longer lifespan adjustable illumination and ensure lower energy
consumption up to 60%. Controlling the brightness of lamps is based on the outdoor illumination or
according to the occupar® y SSRa ¢

Monitoring energy and water consumption

Measuring, displaying and storing the energy and water consumption datsthe/epportunity for
analysinghe consumption trends, which helps the occupants to become more conscious consumers.
The smart bilding system can indicate water |lesdesas well.

Monitoring IAQ parameters

This feature means the ongoing measurement of the indoor air temperature, relative humidity and
contaminant data to inform occupants about thair quality. This feature helps ghusers to maintain
good indoor air quality parameters.

Smart meter and demand response for public utility signal by load shedding or shifting

The smart meter is suitable for transmitting and receiving data. The data covers the amount of
consumption andhe price of the service used. Smart meters provide-tiead information on the

use of the service for botttonsumers and service providers. Consumers can keep track of their
current consumption and change it based on the data. In the demand responsam®the building

has smart meters with communications and ability for the building automation system to accept an
external price or control signal.

Security system

The snart building system may includesecurity system as well, which for example can desand
sendanalarm when intrusion into the building iaking place

Convenient functions

Smart building may provide convenient functions especially in residential buildisgsh asvoice
control of HVAC systemsy, remote control of technical buildingystems.

5.2 The Smart Readiness Indicator for Buildings

W{YEFENI wSIRAYSaa LYRAOFG2NI F2NJ . dZAf RAYy3I&EaQ Aa

DirectorateGeneral for Energy. The preparatory study provides technical support to the Direc@®eateral

for Energy of the European Commission in order to fae&athe negotiations and decision process regarding

|.
Waide Strategic Efficiency, Ecofys and OFFIS. The study was ordered by the European ddommissi

NE

potentially setting up a Smart Readiness Indic&d@® NJ . dzA f RAy3a o { dzZOK I W{ Yl NI

give recognition for smart building technologies and functionalities, which enhance the erfiécggney and



. 1. AN
Triple s"4v-reno

2UKSNJ LISNIIAYSyid LISNF2NXIYyOS OKFNIOGSNRaAGAOAE 27F (K
LYRAOLF (2N F2NJ reledelinrMigisi2008. 4 (1 dzRe 4| &

The main objective of the study was to develop a harmonized SRI caloutathodology based on a muilti

criteria assessment. The proposed SRI methodology is a qualitative labelling scheme. The SRI assessment
procedure is based on a catalogue of the smart ready services, which are present in a building and an
evaluation of thefunctionalities they can offer for occupants. Each of the services can be implemented with

G NA2dza RSINBSa 2F aavYl NIlySaas¢ boildidgyIehinddBoker muftipler a ¢ -
domains (e.g. heating, lighting, electric vehicle chreggetc.) and can also resuttvarious impacts (energy

savings, comfort improvements, flexibility towards the energy grid, etc.). The multitude of domains and
impact categories results a muttriteria assessment method, which is proposed for calculatiegsmart

readiness indicator for buildind¥erbeke, et al., 2018)

SRI - CALCULATION METHODOLOGY

SRI

"% ONE SINGLE SCORE CLASSIFIES

. THE BUILDING’S SMART READINESS

8 IMPACT CRITERIA

The total SRI score is based on average of total scores on 8 impact criteria.

flexibility self- wellbeing maintenance & | information
for the grid generation & heaith fault prediction | to occupants

An Impact criterion score is expressed as a % of the maximum
score that is achievable for the building type that is evaluated,

not every domain is
considered to be
10 DOMAINS relevant for each

One impact criterion score is the weighted average of 10 domain scores. impact criterion

DOMAIN SERVICES
All relevant domain services are scored according to their functionality level.
sarvice A service B service C service D
Functionality 0 [c
Eunctionality 1 |1
Eunctionality 2 [Z] Functionality 2 [Z]
Eunctionality 3 |2] t

Depending on the building type
or design some services are not
considered relevant.

Most of the services service A % B [} sm 0

will affect also the arBU ®/0

other impact
criteria’s as shown in
this overview matrix.

Eunctionality 2 2] [2] [1] [2]

Figure3: Overview of the SRI methodological framework
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(sourceVerbeke S., Waide P., Bettgenhauser K., BslaBogaert S. et alSipport for setting up a Smart Readiness Indicator for
buildings and related impact assessment, Final report, 2018)

In the study a catalogue of smart ready services is developetyding 112 services. In the catalogue,
services are structured within 10 domains:

1. Heating

2. Cooling

3. Domestic hot water

4. Controlled ventilation

5. Lighting

6. Dynamic building envelope

7. Onsite renewable energy generation
8. Demand Side management

9. Electric vehicle arging

10. Monitoring and control

For some of the services listed in the fedirvice catalogue, relevant standards and methodological
frameworks are currently lacking, therefore a reduced set of 52 actionable smart ready services can be used
currently. For ach of these services several functionality levels are defined. A higher functionality level
YSIFya aaYlINISNE AYLIE SYSyidladAz2y 2F GKS aSNBAOSI 4K;
users or to the grid compared to services implementédaalower functionality level. The number of
functionality levels varies from service to service, the maximum level can be as low as 2 or as high as 5. The
functionality levels are expressed as ordinal numbers (level 0, level 1, level 2, etc.), im@ynagkls cannot

be readily compared quantitatively from one service to another. The multitude of domains and impact
categories resultin a multicriteria assessment method. A smart ready service can provide several impacts

to the users and to the energyid. In the study, eight impact categories have been considered:

1. Energy savings on site
This impact category refers to the impacts of the smart ready services on energy saving capabilities.

It is not the whole energy performance of buildings that is casr®d, but only the contribution
made to this by smart ready technologies, e.g. energy savings resulting from better control of room
temperature settings.

2. Flexibility for grid and storage
This impact category refers to the impacts of services on the enfgegipility potential of the

building.

3. Selfgeneration
This impact category refers to the impacts of services on the amount and share of renewable energy
generation by orsite assets and the control of selbnsumption or storage of generated energy.

4. Comfat
This impact category refers to the impacts of services on occupmamsgort. Comfort refers to
conscious and unconscious perception of the physical environment, including thermal comfort,
acoustic comfort and visual performance (e.g. provision of sufficient lighting levels without glare).

5. Convenience
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This impact categorsefers to the impacts of services on convenience for occupants, i.e. the extent
G2 6KAOK aSNBAOSa avYl 1S GKS f A®S8ernthual nBradionst 2 NJ G
to control technical building systems.

6. Wellbeing and health
This impactategory refers to the impacts of services on the weing and health of occupants. For
instance, smarter controls can deliver an improved indoor air quality compared to traditional
O2y GNRf az (Kdza Méing aikthydomtéSuddelimypatttheis ealth.

7. Maintenance and fault prediction, detection and diagnosis
Automated fault detectin and diagnosis has the potential to significantly improve maintenance and
operation of technical building systems. It also has potential impacts on the energy performance of
the technical building systems by detecting and diagnosing inefficient operation

8. Information to occupants
This impact category refers to the impacts of services on the provision of information on building
operation to occupants.

5.3 The ACE Policy Position on the Smart Readiness Indicator

The ACE welcomes revised EPBD approach to éctuttrol systems in the regulation of technical building
systems and to propose a framework to better target the performance of control sysiEnesACE also
commends the Commissi@mapproach to catalogue the control capabilities of system types suppdgoh
energy end use, in the context of the rapid growth of digital automation technology.

The 2018 revision of the EPBD states that automation promises better indoor comfort and air quality at lower
energy use and carbon emissions. While automationrhagy advantages, there is ample evidence that
control systems are a major factor in the energy performance gae.ACE finds it concerning that the
assessment carried out by the SRI study to quantify the potential impact of SRIs appears to assunee that th
system capabilities listed are all enabled and fully operational, which have been shown by building
performance evaluations rarely to be the case.

If smartness is regarded by the EPBD as a panacea for achieving nearly zero energy buildings offering bette
indoor environmental quality, in practice this often happens at the detriment of investment in simple passive
architectural measures. Higher than expected energy consumption in buildings is often attributed to the
growing complexity of technical systenietter regulation is needed to ensure that the construction sector
adequately plans to eliminate the risks associated with automation and complexity in building systems.

The ACE supports the detailed review of smart capabilities and recommends thasineki phase of the
SRI study, any proposed rating system shall fully recognise the risks alongside the benefits of increased
automation in buildings.

Rewarding complexity

According to the current proposals the SRI rating given for any technical systahilitgjs based on its level

of automation, which in practice directly relates to its level of complexity. The current proposals for SRI
therefore reward complexity without strengthening much needed mechanisms to address its risks. This is a
major challege to the credibility of the SRI and could further undermine the reputation of the EPBD. ACE
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urges the Commission to find ways to safeguard investment in construction and renovations from the
potential misselling of systems and services via SRI ratings.

The absence of a regulatory requirement to predict and validate energy performance in use have left the
construction sector without the checks and balances to make provisions for realistic systems design,
specification, installation and commissioning. Thesult is that the mechanical and electrical (M&E)
construction package is already considered to be of the highest risk in building contracts. This translates to
building end users and operators being all too often left with technical systems that areufficiently
integrated into the overall design of a building, that are absent or not working as envisaged, which have
serious consequences for energy consumption, indoor environmental quality and occupahteimgll

The EPBD states that the $Btould gve confidence to occupants about the actual savings of those new
enhancedfunctionalitie®. To avoid the SRI rewardidgomplexity without meriy ACE maintains that the
framework needs to create credible incentives for the automation sector to addresadditional burdens

and barriers affecting the professional design integration, installation, commissioning, operation and
maintenance of automated technical systems and controls.

Validation of performancé quality assurance

The most notable of such bhaers is the lack of market incentives for the design integration and
commissioning of technical systems and their controls. The validation of performance is assumed to be an
essential component of commissioning and handovmrt due to the complexity othe process and
fragmentation of responsibilities it rarely takes place in full and in pragatiost control systems encounter
problems from the start.

Key to any quality assurance framework for building systems and controls is the reconciliation nfiseadi
from sensors, meters and submeters with-site, as well as remote access BMS logs of such data. Without
such early validation of their capability in use, building systems cannot be reliably managed and incur
exponential maintenance costs during thase cycle.

Such reconciliation is not only the cornerstone of benchmarking, diagnostics and occupant engagement but
is the key enabler of cosffective energy performance contracting. In the 2018 revision of the EPBD, energy
performance contracting is ferred to as a proven mechanism for achieving significant improvements of
energy performance iuse. Moreover, benchmarking, logging and communication of performance data for
system optimization and user engagement, as set out in Article 14/15 para 4lonbabe accomplished
reliably once such a reconciliation has taken place.

By incorporating thereconciliatiordof readings instead of just commenting on the theoretical capabilities

of systems, the SRI ratings have the potential to become the maeldedquality assurance scheme for the
design and commissioning of building systems and their controls. The SRIs, covering the controls of all
technical systems in a building, should be rating theiconciledor dvalidateddperformance to ensure that

the enegy and carbon savings, amounting to annual investment worth billions of euros, are realibed

EU

TheACE argues that current proposals to base the third (long term) use of the SRI on measured data, along
with the reconciliation process, must be brought forward and integrated into every level of the SRI rating
scheme.

Complexity of the SRI evaluation
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The SRI currently evaluates delivered services in 11 domains, assigned achievement levélsheh0O
weighted by criteria Ad (services, feasibility, information €tasing a points system-®0), after which

these are weighted by impacts to arrive at agn AG rating. ACE is concerned that the number of
assessments could lead to highly subjective and variable results. Even the streamlined proposals include 52
services to assess in less than a day, raising concerns about the quality achievable forceogiiea
evaluation in such a short time. In addition, ACE believes that a single final rating would not disclose any
useful information relating to the capabilities of systems to manage themselves and interact with occupants
or the grid.

While the case stdy described by the SRI report tested the time requireGtomreda building, it did not take
into account the time required to source documentation, including control strategy abdiitsnformation
on systems. In our experience this is one of the mbme-consuming tasks when undertaking
Greconciliatiord

ACE argues that achieving the purposes of the SRI does not necessitate automation. However, it does require
correct feedback from sensors and meters, as well as oversight of these readings, ® thiastine level of
performance envisaged is achieved.

The impact categories include energy savingssitey flexibility for the energy grid and storage, self
generation of energy, comfort, convenience, wading and health, maintenance and fault predet and
information provided to the occupant. KPIs for these could include daily and annualised energy end use
consumption, energy balance, and indoor environmental quality, as defined by the EU LEVELs programme.
Any faults and shortcomings in the systewrsuld manifest as anomalies in these indicators and if these are
presented in an accessible and benchmarkable format, they would prompt questions and actions on behalf
of the owner/occupant/building operator.

ACE values the detailed mapping of the cutiyeavailable automation features to achieve improved indoor
environmental quality with less and decarbonised use of energy. However, ACE recommends that the SRI
rates the validation and communication of key performance indicators for each impact catatjogy than

the presence of system properties that enable these. The purpose of SRIs is not to prescribe how to achieve
these indicators but to ensure that they are achieved, so that the automation market is incentivised to
innovate.

As the technologiesra likely to continue to evolve rapidly, the current approach poses a high risk of SRI
obsolescence. On the other hand, incentivising feedback on the KPIs would be a major step towards closing
the energy performance gap and improving the credibility of BRBD. In this way the catalogue of services

and functionalities would become live guidance and, in some cases, EN standards.

Uptake

There are challenges and opportunities identified by the extensive work undertaken as part of the
development of SRIs. Thirect beneficiaries of SRIs are the automation industry, electric mobility sector
and energy providers. However, the costs of smart systems and their evaluation are met by building owners
and end users. To these investors, the only direct benefit is tiadity assurance potentially granted by the

SRI for low energy use, greater comfort and ease of maintenance.

ACE recommends that a detailed evaluation of the expected benefits of SRIs is carried out and that easy entry
points are identified for each stakelder. Any guidance for owners, valuators, occupants, designers,
contractors and facilities managers should be based on the feedback from such evaluation.
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The current proposals to rate the theoretical capabilities of technical systems are likely todgmizsd by

the market as a box ticking exercise rather than an actual guarantee of systems being installed and enabled
to specification. If higher ratings are linked to complexity as currently proposed the SRIs risk developing an
inverse quality assuranctie higher the ratings the greater the risk of underperformance.

ACE believes that the focus on validation of KPI readings rather than the theoretical capabilities of systems is
the logical way forward to address the concerns raised at the stakeholdetimgs.

Such a common sense approach would remove much of the complexity of the evaluation and solve the
problem of the SRIs rewarding complexity. It would immediately strengthen the process of enhanced
commissioning and enable performance contractimg two areas that are recognised as highly effective by
the current regulatory framework but lacking incentives. It would help the transition towards replacing
annual onsite inspections with remote ones and pave the way for much more-affsttive remote
inspections.

Such a scheme would offer easy entry points for less techsiakEholders angrovide immediatdy to
building owners and occupanitsvalue for investment as well as feedback on performance. It would present
obvious and simple links to theurrently evolving Building Passports scheme and lead to a more holistic
understanding of what the smartness of a building means.
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6 Teaching the value of architecture for building performance

In this section the project partners tried to identifye degree to whichhe value of@goodarchitecture and

its influence orbuilding performance is taught in architecture schaaol¢heir countries. Hence the following
sub-chapters focus on Hungary, Italy and Spain. Additionally, an online survey whyg thie Architecté
Council of Europe (ACiB)cooperation with the EAAERhe European Association for Architectural Education
in order to provide a European overview

6.1 A European Overview

This report set out by defining various setsooiteria, which ae influenced byigoodarchitecture. Although

they have differing unit/ currencies in which to measure the value of good architecture, it is nevertheless
evident that good architecture has the potential to raise the vadfidouildings in relation to thesseven

areas The criterighave been used as a basis for an online survey amongst European architecture faculties
and departments. The aim was to investigate to which extent these aspe@jsabarchitecture are taught

to students and researched.he fdlowing Architecture Schools have participated in the survey and are
summarised in figure belovithe exact courses are compiled in a table in Appendix 1.

Figure4: Participating European Architecture Schools in the survey
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Bulgaria
- UACEGUniversity of Architecture, Civil Engineering and Geodesy (https://www.uacg.bg/?|=2)
Hungary

- Budapest University of Technology and Economics (http://www.bme.hu/EPK)

Italia

- Universita' degli studi di Firenze (https://www.unifi.it/)
Netherlands

- DelftUniversity of Technology (https://www.tudelft.nl/en/)
Portugal

- Evora University (https://www.uevora.pt/)

- University of Coimbra (http://www.uc.pt/en)

- Faculdade de Arquitectura da Universidade do Porto

(https://sigarra.up.pt/faup/pt/web_page.Inicial)

Slovena

- University of Ljubljana (https://www.urj.si/eng/)
Spain

- Politecnica UCAM, Murcia (https://www.ucam.edu/)
- Universitat Politécnica de Valéncia Escuela Técnica Superior de Arquitectura de Valéncia
(http://www.upv.es/entidades/ETSA/)

- Universitat Politénica de Catalunya- 9 & O2 f | ¢S OYyAOl { dzZLISNA 2 NJ RQ
(https://etsav.upc.edu/ca)
- Universitat Politecnica de Catalunya9 8 0O2f I ¢8Oy A Ol { dzZLISNA2NJ RQ!

(https://etsab.upc.edu/ca)

- Universidad Politécnica de Madrid (httputvw.upm.es/)

- Universidad de Granadag Escuela Técnica Superior de Arquitectura de Granada
(http://etsag.ugr.es/)

- Universidad de Sevill&Escuela Técnica Superior de Arquitectura (http://etsa.us.es/)

United Kingdom

- University of Sheffield (https://www.sl&eld.ac.uk/)
- Oxford Brookes University (https://www.brookes.ac.uk/)
- University of Reading (http://www.reading.ac.uk/)
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The Table below depigthe answers for each participating country for the main seven areas. The economic
value is most taught in the United KingdoftheUniversity of Reading currentlyconducting a Value Study

for the Architect® Council of Europewhich might be related tthe question of the economic high value of
architects andhe other high values found in the responses of the UKie Netherlands replied with 100%

to almost all areas, which only speaks about the quality of teaching at the participating Universitht of De
and the role of architects in the country. In Bulgaria and Hungary the value of architects appears to be not
well perceived.In Italy the cultural and weleing factors are the most perceived, whereas in Portugal the
cultural and heritage value andritect brings seems to be vital. The wadling and heritage areas are also

the most taught ones in Slovenia, while in Spain everything seems to be taught a bit.

Table 3. TaughtCriteriaAreasof good architectureper country

ECONOMIC |ECOLOGICAL [SOCIAL FUNCTIONAL |CULTURAL WELL-BEING |HERITAGE
Bulgaria 0% 25% 30% 43% 10% 56% 50%
Hungary 20% 17% 20% 29% 40% 38% 40%
Italy 40% 25% 30% 21% 60% 75% 40%
Netherlands 40% 100% 100% 100% 100% 88% 100%
Portugal 24% 30% 34% 46% 96% 53% 92%
Slovenia 40% 25% 20% 14% 40% 75% 60%
Spain 15% 27% 29% 27% 23% 36% 34%
United Kingdom 73% 97% 97% 100% 100% 100% 100%

When looking at the most taught aaeoverall in the survey results it is the heritage criteria. This is followed

by weltbeing and cultural on second and third place. The economic value is the least taught value at the
participating EU architecture schools. This could relate back to thepa@hle low salaries of architects as

well. Assuming that if an architect knew about her/ his economic value the salaries would increase. For an
up-dated survey of EU wide architecture salaries the ACE Sector Study could be consulted under:
https://www.ace-cae.eu/?id=999
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Figure5: Theranking of theseven main areasf W32 2 RQ | hlgktatES Ardhidebtiie Schools

Thefigure below displays the ranking of the individual criteria taught at the participating universities. The
colouring provides an insight to which area the criteria belong to in order to ease the understaldng.
interesting to see the functional criteria $mw, as usually architectural design is strongly linked to functions,
as the famous quote of the Y9century architect Louis Sullivamhis figure is just intended to provide an
overview of all criteria. The criteria per area can be found in the follovignges thereafter.
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provide a social return of investment

S providebetter public amenities (Le. Parks, fountains, electrical charging, benches, sport court) m Wel-being Socil
increase the environmental value
provide strategies to prevent deprivation
=R e e ) mHeritage mFunctional
‘be socially sustainable

e selectmaterials and texture that positively influence people’s mental health and well-being

addresses active ageing design for elderly

‘ensure a cost-efficlent budget. + Economic Ecological
S imerove the flexibility and adaptablity of layouts for a longer lfe-cyde
inclusive spaces that support diversity
L enhance the public realm quality
deliver an efficient resource use B Cultural
S improve bulkdings for a user's whole lfe cyce
o improvesafetyfor occupants and construction workers (prevent fire, minimize earthquake/flood damages]
o considerthefloor toceling helght in order to improve the user's experience.
T increase altematives Fo reduce car dependency
S improve urban strategles for active transport
I enhancebullding legibility (the degree where the Use of the bulding could be easy understood)
lower the risk of gentrification
provide strategies to prevent crime
support biodiversity.
raise occupant productivity in offices
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Figure6: Theranking of the taught criteria

propose an integration with the surrounding environment

enhance the building preservation

support the heritage value/ legacy

protect the building character

increase building resilience/durability
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Figure7: Theranking of the Heritage criteria
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Figure8: Theranking of the Welbeing criteria
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Figure9: Theranking of the Cultural criteria
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Figurel0: Theranking of the Functional criteria
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