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1  Executive summary  

There is an intrinsic understanding that ógoodô architecture defines the long-term functionality and resilience 

of buildings and that it has a strong bearing on building performance. However, it is not considered 

ómeasurableô and 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 support building performance and 

be market drivers for owners during the decision-making process. In order to be coherent with the TripleA-

reno project, the focus lies on architectural services of retrofitting the existing building stock and the value 

therein for occupants. 

As a matter 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 are nothing but buzzwords without considering the need and wish of the 

residents within. Too often we forget for whom buildings and innovative technical systems are intended. The 

TripleA-reno project is adopting a people-centred approach to reduce final energy usage in the residential 

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

is supporting the upcoming perception within the field of energy and buildings that people (and not buildings) 

consume energy. This includes the 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 perspective, these 

human factors are responsible for the success of reduced energy consumption, enhanced building 

performance and user comfort and health, must be taken into consideration.  

The University of Reading (UK) has consolidated a strategic report on existing knowledge demonstrating the 

value of design and the role of architects across Europe (Callway, et al., 2019) simultaneously to this study. 

Post Occupancy Evaluation (POE) is highlighted as one of the tools to enhance the user experience, yet the 

authors state that more information is required to better understand the usersô view of the role of Architects 

and the value of design (ibid).  

 

 

CƛƎǳǊŜ м ¢ƘŜ ǎŜǾŜƴ Ƴŀƛƴ ŀǊŜŀǎ ƛƴŦƭǳŜƴŎŜŘ ōȅ ΨƎƻƻŘΩ ŀǊŎƘƛǘŜŎǘǳǊŜ 

social

ecological

economic cultural

health 
and well-

being

heritage

functional



 
 

 
Page 6 of 70 

 

Chapter 2 identifies and categorises various perceived values of architecture. The seven areas can be found 

in Figure 1. It is assumed that the more of the categories are covered by the architect the higher the value. 

All the categories touch the perception of owner/ occupants. As a result, they go beyond the so-called triple 

bottom line of sustainability, which includes the social, ecological and economic value (Bilge Serin, 2018).  

This report comprises: 

1. An up-date on key trends, as well as commonalities in the metrics used to measure the value 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 

ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ƻŦ ΨƎƻƻŘΩ ŀǊŎƘƛǘŜŎǘǳǊŜ ǘƻ ƛƴfluence the previously identified criteria. 

3. /ƻƳǇƛƭŀǘƛƻƴ ƻŦ ǘƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ƛŘŜƴǘƛŦƛŜŘ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǾŀƭǳŜ ƻŦ ΨƎƻƻŘΩ 

architecture and its bearing on building performance ŀƴŘ ƻŎŎǳǇŀƴǘǎΩ ǎŀǘƛǎŦŀŎǘƛƻƴ. 

4. The current developments towards smart buildings and the smart readiness indicator (SRI), how it 

fits into the value discussion and which benefits it potentially provides to occupants.  

5. An up-date on the degree to which the value of architecture is taught in European architecture 

schools.  

6. Various best practice examples of architectural and building performance excellence in residential 

retrofitting projects. 

In summary, this report examines the value of architecture, which criteria it involves, to which extent was it 

already researched, are universities in Europe teaching it and are there best practice examples.  
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2  How and what to measure? An u 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 economic (Serin, 

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 good design. In fact, there is little doubt that ógoodô or óhigh qualityô 

architecture is a public good, one that creates positive externalities for the surrounding structures and 

communities (Bourassa, et al., 2004). This concept of quality architecture as a public good explains, in part, 

the existence of historic districts, design reviews, planning boards, and government-imposed aesthetic 

requirements for permitting (Millhouse, 2005). 

Yet, the question remains, what is the unit, the currency of this value?  

Architectural value 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 higher rental value, 

increased asset value, less maintenance and better resale value, just to mention an few (Millhouse, 2005). 

On the other hand, the developer profits of good design in terms of quicker permissions, a more efficient and 

safe construction process, increased public support and generating a good reputation. Whereas for the 

occupant the benefits include e.g. fewer disruptive moves, reduced security expenditure, reduced 

maintenance costs, greater accessibility, increased occupier prestige, better health and well-being (Serin, et 

al., 2018). As a result, an investigation into the value of architectural design is a rather complex task, which 

requires consideration of the various types, scales and currency units of this value.   

Therefore, in this context, we need to define the parameters involved in our valuation focus, i.e. how to 

measure ñgood designò. Furthermore, if we are considering them together or separate, and the algorithmic 

for aggregation. Do we aim for a normative value, for the sake of comparability, publicity and integration 

with other tools or just as a self-reporting information? Finally, how to approach their measuring, meaning, 

on which foundations to base the quantity of ñgood designò of a building. 

Any valuation system is based on a set of principles (the foundations orienting the valuation activity), and a 

combination of criteria (the aspects to be measured) and methods (the techniques to get from the qualities 

to the quantities). The criteria guiding a valuation process are, on one hand, normative-based: administrative 

oriented processes are objective, based on pre-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 market-oriented processes are 

subjective, dependent on the evaluator experience, and usually aim to inform, support or justify decision 

making, thus oriented to the owner/ private knowledge. Furthermore, valuation processes can focus on 

different areas of the valuable item (Ministerio de Economía y Hacienda (MEH), 2008). 

The first question that was addressed was: whose value are we looking at? Value 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 TripleA-reno 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 and well-being are focused 
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on tertiary building. Thus, studying its value, reliability and measurement in the residential context reinforces 

the approach of the TripleA-reno project. Moreover, the project team is working on enhancing the renovation 

rate, which is lagging behind in Europe. As a result, the focus is in determining how to measure the value of 

architecture from the perspective of occupants of existing residential buildings in the need of renovation, or 

currently being renovated.  

Good architecture, in fact, is something that we all seek, and which is difficult to define: a combination of 

multiple criteria that equate to a multitude of values individuals may not completely agree upon. Vitruvius 

(circa 80-15 B.C.) insisted that three fundamentals should be present: function, structure, and beauty ï which 

remains true until today. Others might argue the relationship of a building with its surroundings, cultural 

context and societyôs expectations at the time are also important. Value for money might be added, based 

on cost-benefit evaluation that variously includes tangible and intangible components. Finally, Sir Alexander 

John Gordon, in his role as President of the Royal Institute of British Architects, defined ógood architectureô 

in 1972 as buildings that exhibit ólong life, loose fit and low energyô (Gordon, 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 an aesthetic built result, is surely the ultimate holistic objective 

for the architecture profession (Murray, 2011). Today these objectives may be summarised as durable, 

adaptable, sustainable and aesthetic. Good architecture 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). In this context, (Langston, 2014) uses a case study methodology to assess the ñgood 

architectureò of 22 projects that have won architectural design awards. 

As a result, architectureôs true value may be found at the resolution of the dichotomy between economic 

and cultural concerns, both of which are traditionally considered to be conflicting needs (Klufas, 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 personal well-being. 

Regeneration through innovative and successful architecture should be integrally involved in a renewed 

vitality of urban life and culture (Warpole, 2000). Architectureôs true value is its ability to accommodate these 

interests. (Bole & Reed, 2009) encourage discourse and discussion about the different forms of value and 

how it is perceived in an architectural sense, 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 re-evaluate the relevance of these ever-changing values to design in regards to: 

¶ The economic value of good architecture could bring a prime cost reduction, skills and expertise of the 

architect can provide cost-effective solutions to complex problems, not only saving money, but providing 

extra benefits in terms of increased space, easier access, more efficient working and living conditions 

(Carmona, et al., 2002). Additionally, lifecycle costs can be reduced, since 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 productivity of building use through time (Loe, 2000). Costs can also be saved through 

better management. Bringing together a multi-disciplinary team consisting of designers, cost consultants, 

representatives from client organizations, 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 accommodate (Loe, 2000). 
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¶ Sustainability is related to the ecological value of architecture, taking greater regard for the orientation 

of the site, local topographical and environmental factors, and designing and fine-tuning buildings that 

take advantage of these to minimize energy use ς and therefore revenue costs ς and provide comfortable 

and pleasant environments in which to work and live (Bole & Reed, 2009). Also, related to them, the 

notion of resilience goes back to the 19th century and was originally based in engineering: it is the 

property of a material to absorb energy when it is deformed elastically and then, upon unloading, to have 

this energy recovered. (Tredgold, 1818) introduced the term to describe a property of timber. From an 

ecological perspective, (Holling, 1973) ƛƴƛǘƛŀƭƭȅ ŘŜŦƛƴŜŘ ǊŜǎƛƭƛŜƴŎŜ ŀǎ ŀ ΨƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŜŎƻƭƻƎƛŎŀƭ 

ǎȅǎǘŜƳǎ ǘƻ ŀōǎƻǊō ŎƘŀƴƎŜǎ ƻŦ ǎǘŀǘŜ ǾŀǊƛŀōƭŜǎΣ ŘǊƛǾƛƴƎ ǾŀǊƛŀōƭŜǎΣ ŀƴŘ ǇŀǊŀƳŜǘŜǊǎΣ ŀƴŘ ǎǘƛƭƭ ǇŜǊǎƛǎǘΩΦ 

Resilience engineering is concerned with building systems that are able to circumvent accidents through 

ŀƴǘƛŎƛǇŀǘƛƻƴΣ ǎǳǊǾƛǾŜ ŘƛǎǊǳǇǘƛƻƴǎ ǘƘǊƻǳƎƘ ǊŜŎƻǾŜǊȅΣ ŀƴŘ ƎǊƻǿ ǘƘǊƻǳƎƘ ŀŘŀǇǘŀǘƛƻƴΩ (Madni & Jackson, 

2009). Therefore, resilience, as sustainability, is not a specific building attribute, which could be 

quantified, but a complex management process of the built environment dealing with the long-term 

evolution of buildings and infrastructures (Kohler, 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.  

¶ Social value of architecture lies in delivering more liveable, sociable spaces (Serin, et al., 2018). Good 

design may lead to lower crime rates, lower demand on health provision, and possibly even better 

educational attainment in the long term (Warpole, 2000). 

¶ Most criteria found in literature are related to the functional value of good architecture.  Good design 

layouts could support a longer life-cycle of the building and ŦƻǊ ŀ ǳǎŜǊΩǎ ǿƘƻƭŜ ƭƛŦŜ ŎȅŎƭŜ. Examples could 

be an enhanced functionality/ fit for purpose/ loose fit. Also improving daylight access, considering the 

ŦƭƻƻǊ ǘƻ ŎŜƛƭƛƴƎ ƘŜƛƎƘǘ ƛƴ ƻǊŘŜǊ ǘƻ ƛƳǇǊƻǾŜ ǘƘŜ ǳǎŜǊΩǎ ŜȄǇŜǊƛŜƴŎŜ, use building mass to improve thermal 

comfort can be influenced by design. In addition, the safety for occupants and construction workers 

(prevent fire, minimize earthquake/flood damages) can be improved by good architecture.  

¶ !ǊŎƘƛǘŜŎǘǳǊŜΩǎ cultural value lies in its nature as a public good or externality, affecting positively and 

negatively both the inside and the surroundings. These effects are usually determined by those who 

commission the building, often through a lack of awareness or care. The cultural value of good 

architecture is increasing the community value and hence strongly linked to the social value. It could be 

found for instance in an improvement of the public realm quality, a raise the community cohesion and 

activities or the provision of better public amenities (i.e. parks, fountains, electrical charging, benches, 

sport facilities). 

¶ The value area of health and well-being and its relation to productivity, 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, which actively pursued sustainable design, have also enhanced the 

ƻŎŎǳǇŀƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴ ŀƴŘ ǳǎŜ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ƛǘǎ ŜŎƻƴƻƳƛŎ ǾŀƭǳŜ, as well as 

its social sustainability (Myers, et al., 2008). The health-related value of 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 to an occupant experience centric approach (Steemers, 2003), trying to link 

sustainability rating systems with comfort of occupants and conservation of natural resources (Liang, et 

al., 2014). The research in the area of sustainable building design and the well-being of the user focus on 

energy performance, daylight, ventilation, acoustics and occupant feedback (Paul & Taylor, 2008). 
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However, this should be taken with caution, since well-being and comfort of occupants could be in 

conflict with the performance of the building: as discussed in (Al horr, et al., 2016) green building designs 

do not automatically guarantee that the building designed will be comfortable and ensure occupant well-

being; and just designing a potentially comfortable building is also not enough; thus, we will need to 

monitor both building and occupant performance during its operations. In this context, (Mateo-Cecilia, 

et al., 2018) analysis of the state of the art determines that four 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 organizations and 

research institutions have developed standards to define the acceptable ranges of the main IEQ (indoor 

environmental quality) parameters, but, these ranges are not universally applicable across all building 

types, climates, and populations, and there are some key aspects linking 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 studied enough in the built environment field.  

¶ Architects add value to cultural/ built heritage in terms of an increase in building resilience/durability by 

protecting the building character, enhancing the building preservation and proposing an integration with 

the surrounding environment 

To ease the overview of the various values of good design, found in literature (e.g. (Samuel, 2018); (Serin, et 

al., 2018)), and discussed above, they were grouped into economic, ecological, social, functional, cultural, 

health and heritage values. It appears that good design influences all seven areas. Table 1 comprises all 

identified values.  

Table 1. Criteria of good architecture 

economic ecological social functional cultural health heritage 
- increase in Real 
Estate value 
- Raise occupant 
productivity in 
tertiary buildings 
-facilitate real 
estate project 
funding/investment  
- lower the risk of 
gentrification 
- ensure a cost-
efficient 
budget/construction 
process. 

 

- improve the 
urban 
environmental 
quality 
- provide 
sustainable 
environments 
- support 
biodiversity 
-deliver an 
efficient 
resource use 
-increase the 
environmental 
value 
- mitigate 
climate 
change 
- reduce 
pollution 
- reduce 
carbon 
emission 

- create 
liveable 
places 
- support 
ŎƻƳƳǳƴƛǘƛŜǎΩ 
identities 
and create a 
sense of 
belonging 
- enhance 
visual 
appearance 
of the built 
environment 
creating a 
visual value 
for the 
community 
- provide 
inclusive 
spaces that 
support 
diversity 

- improve safety 
for occupants 
and construction 
workers (prevent 
fire, minimize 
earthquake/flood 
damages)  
- improve 
accessibility 
- enhance 
functionality/  fit  
for purpose/  
loose fit  
- increase the 
urban quality 
experience 
- improve 
navigation 
through spaces 
- enhance 
building legibility 
(the degree 
where the use of 

- increase 
the 
community 
value 
- improve 
the 
cultural 
value 
- enhance 
the public 
realm 
quality 
- raise the 
community 
cohesion 
and 
activities 
- provide 
better 
public 
amenities 
(i.e. parks, 
fountains, 

- improve 
healthy and 
active 
lifestyles 
-  increase the 
visual aspect 
and influence 
the feeling of 
self-worth 
- improve 
indoor air 
quality 
- improve 
indoor 
environmental 
quality 
- improve 
acoustic 
comfort 
- improve 
lighting 
comfort 

- increase building 
resilience/durability 
- propose an 
integration with the 
surrounding 
environment 
- protect the 
building character 
- support the 
heritage value/ 
legacy 
- enhance the 
building 
preservation 
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- enhance the 
natural 
landscape 
- provide 
efficient and 
effective 
water/waste 
management 
solutions 
- reconnect 
people to 
nature 
through 
biophilic 
design 
- improve Life 
Cycle 
Assessment 
(LCA)   
 

- address 
active ageing 
design for 
elderly 
- provide 
strategies to 
prevent 
deprivation 
- provide 
strategies to 
prevent 
crime 
- be socially 
sustainable 
- provide a 
social return 
of 
investment 
- increase 
occupant 
satisfaction 
by Post 
Occupancy 
Evaluation 

the building 
could be easily 
understood) 
- improve the 
flexibility and 
adaptability of 
layouts for a 
longer life-cycle 
- improve urban 
strategies for 
active transport 
- enhance urban 
strategies for 
public transport 
- increase 
alternatives to 
reduce car 
dependency 
- improve 
buildings for a 
ǳǎŜǊΩǎ whole life 
cycle 
- improve 
daylight access  
- consider the 
floor to ceiling 
height in order to 
improve the 
ǳǎŜǊΩǎ experience 
- use building 
mass to improve 
thermal comfort  

electrical 
charging, 
benches, 
sport 
facilities) 
 

- improve 
thermal 
comfort 
- select 
materials and 
texture that 
positively 
influence 
ǇŜƻǇƭŜΩǎ 
mental health 
and well-
being 
 

 

Summing up, by identifying the value criteria of ógoodô architecture, one might say we have defined the 

currency or unit of it and are able to evaluate it better. Meaning, the more of these criteria are positively 

affected, the better the architecture, hence the higher its value. Evidently the research limitation lies in the 

ever-changing nature of the building process and built result through e.g. digitalisation and innovative 

technology, leading to ever changing criteria and their definition. For instance, energy efficient buildings 

changed to low energy buildings, then to nearly zero energy buildings, passive buildings and currently moving 

towards positive energy buildings and smart buildings. Hence a criterion on energy efficiency has to amend 

in its definition. Whereas other criteria, relating to economic or social themes might rest unchanged. 

Nevertheless, the above identified criteria provide a sort of check-list, which enables a holistic assessment of 

the value of architecture especially from the occupantsô perspective.   

The value criteria have been used as a basis for an online survey amongst European architecture faculties 

and departments. The aim was to investigate to which extent these aspects of ógoodô architecture are taught 

to students and researched. The results of the questionnaire analyses are discussed in section 6.1.  

Moving on, the project team created a core database of EU funded projects, that were looking into the 

various criteria, which are summarised in Chapter 3. This was undertaken in order to investigate whether 
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there were any reports/ findings/ outputs on the identified criteria and if/ how were these measured, which 

will be elaborated in Chapter 4.  

 

 

3  Research projects examining the criteria  

This chapter consists of a list of research projects that were identified by the involved project partners as the 

ones that have taken into account the potential of ógoodô architecture to influence the previously identified 

criteria. 

Table 2. EU funded projects related to the value of architecture 

Project Architectural Value Criteria Project website  Link to results 

Level(s) 
(on-going) 

voluntary reporting 
framework with six key 
areas: greenhouse gas 
emissions, resource 
efficiency, water use, 
health and comfort, 
resilience and adaptation, 
and cost and value 

http://ec.europa.eu/envir
onment/eussd/buildings.
htm 

http://ec.europa.eu/environ
ment/eussd/pdf/LEVEL(S)%2
0CONFERENCE%20REPORT.p
df  
http://susproc.jrc.ec.europa.
eu/Efficient_Buildings/docs/
170816_Levels_EU_framewo
rk_of_building_indicators.pd
f      
 

ALDREN 
(2107-2020) 

sustainability, comfort, 
health 

https://cordis.europa.eu/
project/rcn/212280/facts
heet/en 
https://aldren.eu 

https://aldren.eu/outcomes/ 
(No results yet) 

ABRACADABRA 
(2016-2019) 

Raising the real estate 
value, while retrofitting 
residential building blocks 
through additions, 
renewables and raising 
architectural quality  

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

https://cordis.europa.eu/pro
ject/rcn/200018/reporting/e
n  

MOBISTYLE 
(2016-2020) 

Comfort, health, 
occupantsô satisfaction 

https://www.mobistyle-
project.eu/  

https://www.mobistyle-
project.eu/en/mobistyle/diss
emination/public-
deliverables  

P2Endure  
(2016-2020)  

Prefabricated Plug-and-
Play (PnP) systems enabled 
by 3D printing, laser, and 
thermal scanning 
integrated with Building 
Information Model (BIM) 
for deep renovation of 
building envelopes and 
technical systems. 

https://www.p2endure-
project.eu/en 

https://www.p2endure-
project.eu/en/results/Publis
hingImages/d1-
3/D5.1_Organisational%20a
nd%20activity%20plan%20fo
r%20establishment%20of%2
0the%20TCP.pdf 
  

http://ec.europa.eu/environment/eussd/buildings.htm
http://ec.europa.eu/environment/eussd/buildings.htm
http://ec.europa.eu/environment/eussd/buildings.htm
http://ec.europa.eu/environment/eussd/pdf/LEVEL(S)%20CONFERENCE%20REPORT.pdf
http://ec.europa.eu/environment/eussd/pdf/LEVEL(S)%20CONFERENCE%20REPORT.pdf
http://ec.europa.eu/environment/eussd/pdf/LEVEL(S)%20CONFERENCE%20REPORT.pdf
http://ec.europa.eu/environment/eussd/pdf/LEVEL(S)%20CONFERENCE%20REPORT.pdf
http://susproc.jrc.ec.europa.eu/Efficient_Buildings/docs/170816_Levels_EU_framework_of_building_indicators.pdf
http://susproc.jrc.ec.europa.eu/Efficient_Buildings/docs/170816_Levels_EU_framework_of_building_indicators.pdf
http://susproc.jrc.ec.europa.eu/Efficient_Buildings/docs/170816_Levels_EU_framework_of_building_indicators.pdf
http://susproc.jrc.ec.europa.eu/Efficient_Buildings/docs/170816_Levels_EU_framework_of_building_indicators.pdf
http://susproc.jrc.ec.europa.eu/Efficient_Buildings/docs/170816_Levels_EU_framework_of_building_indicators.pdf
https://cordis.europa.eu/project/rcn/212280/factsheet/en
https://cordis.europa.eu/project/rcn/212280/factsheet/en
https://cordis.europa.eu/project/rcn/212280/factsheet/en
https://aldren.eu/
https://aldren.eu/outcomes/
http://www.abracadabra-project.eu/
http://www.abracadabra-project.eu/
https://cordis.europa.eu/project/rcn/200018/reporting/en
https://cordis.europa.eu/project/rcn/200018/reporting/en
https://cordis.europa.eu/project/rcn/200018/reporting/en
https://www.mobistyle-project.eu/
https://www.mobistyle-project.eu/
https://www.mobistyle-project.eu/en/mobistyle/dissemination/public-deliverables
https://www.mobistyle-project.eu/en/mobistyle/dissemination/public-deliverables
https://www.mobistyle-project.eu/en/mobistyle/dissemination/public-deliverables
https://www.mobistyle-project.eu/en/mobistyle/dissemination/public-deliverables
https://www.p2endure-project.eu/en
https://www.p2endure-project.eu/en
https://www.p2endure-project.eu/en/results/PublishingImages/d1-3/D5.1_Organisational%20and%20activity%20plan%20for%20establishment%20of%20the%20TCP.pdf
https://www.p2endure-project.eu/en/results/PublishingImages/d1-3/D5.1_Organisational%20and%20activity%20plan%20for%20establishment%20of%20the%20TCP.pdf
https://www.p2endure-project.eu/en/results/PublishingImages/d1-3/D5.1_Organisational%20and%20activity%20plan%20for%20establishment%20of%20the%20TCP.pdf
https://www.p2endure-project.eu/en/results/PublishingImages/d1-3/D5.1_Organisational%20and%20activity%20plan%20for%20establishment%20of%20the%20TCP.pdf
https://www.p2endure-project.eu/en/results/PublishingImages/d1-3/D5.1_Organisational%20and%20activity%20plan%20for%20establishment%20of%20the%20TCP.pdf
https://www.p2endure-project.eu/en/results/PublishingImages/d1-3/D5.1_Organisational%20and%20activity%20plan%20for%20establishment%20of%20the%20TCP.pdf
https://www.p2endure-project.eu/en/results/PublishingImages/d1-3/D5.1_Organisational%20and%20activity%20plan%20for%20establishment%20of%20the%20TCP.pdf
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BRESAER  
(2015-2019) 

Coupled cost-effective, 
adaptable, low-intrusive 
and industrialised envelope 
(for façades and roofs) with 
an innovative Building 
Energy Management 
System 

http://www.bresaer.eu/ https://www.youtube.com/
watch?v=8O4R3uM5GcU&fe
ature=youtu.be 
https://github.com/opensou
rceBIM/BIMserver/wiki/Exte
rnal-services 
 

SSO 
(2014-2017) 

sustainability, comfort, 
health 

http://www.five.es/proje
ct/sso/ 
 

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

NeZeR  
(2014-2017) 

Smart and integrated NZEB 
renovation measures for 
nZEB  

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

http://www.nezer-
project.eu/designcompetitio
n.4.1f96676d145d7c937411
44d.html#.XJzi3i2ZO9Y  
http://www.nezer-
project.eu/download/18.4a8
8670a1596305e782d60/148
7344426863/Report%20on%
20design%20competitions.p
df  
http://www.nezer-
project.eu/download/18.76c
6e08e1573302315f3866/148
0075541576/1_Ups_booklet
_290416.pdf 
 

NewTREND 
(2014-2018) 

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_Repor
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 multi-owner 
buildings combined with 
novel design and 
assessment strategies, with 

www.easee-project.eu/ https://cordis.europa.eu/doc
s/results/285/285540/final1-
easee-final-report-public-
attachment.pdf 
 

http://www.bresaer.eu/
https://www.youtube.com/watch?v=8O4R3uM5GcU&feature=youtu.be
https://www.youtube.com/watch?v=8O4R3uM5GcU&feature=youtu.be
https://www.youtube.com/watch?v=8O4R3uM5GcU&feature=youtu.be
https://github.com/opensourceBIM/BIMserver/wiki/External-services
https://github.com/opensourceBIM/BIMserver/wiki/External-services
https://github.com/opensourceBIM/BIMserver/wiki/External-services
http://www.five.es/project/sso/
http://www.five.es/project/sso/
http://informesdelaconstruccion.revistas.csic.es/index.php/informesdelaconstruccion/article/view/5898/6970
http://informesdelaconstruccion.revistas.csic.es/index.php/informesdelaconstruccion/article/view/5898/6970
http://informesdelaconstruccion.revistas.csic.es/index.php/informesdelaconstruccion/article/view/5898/6970
http://informesdelaconstruccion.revistas.csic.es/index.php/informesdelaconstruccion/article/view/5898/6970
http://www.five.es/certificacion-edificios/oficinas/
http://www.five.es/certificacion-edificios/oficinas/
http://www.nezer-project.eu/
http://www.nezer-project.eu/
http://www.nezer-project.eu/designcompetition.4.1f96676d145d7c93741144d.html#.XJzi3i2ZO9Y
http://www.nezer-project.eu/designcompetition.4.1f96676d145d7c93741144d.html#.XJzi3i2ZO9Y
http://www.nezer-project.eu/designcompetition.4.1f96676d145d7c93741144d.html#.XJzi3i2ZO9Y
http://www.nezer-project.eu/designcompetition.4.1f96676d145d7c93741144d.html#.XJzi3i2ZO9Y
http://www.nezer-project.eu/download/18.4a88670a1596305e782d60/1487344426863/Report%20on%20design%20competitions.pdf
http://www.nezer-project.eu/download/18.4a88670a1596305e782d60/1487344426863/Report%20on%20design%20competitions.pdf
http://www.nezer-project.eu/download/18.4a88670a1596305e782d60/1487344426863/Report%20on%20design%20competitions.pdf
http://www.nezer-project.eu/download/18.4a88670a1596305e782d60/1487344426863/Report%20on%20design%20competitions.pdf
http://www.nezer-project.eu/download/18.4a88670a1596305e782d60/1487344426863/Report%20on%20design%20competitions.pdf
http://www.nezer-project.eu/download/18.4a88670a1596305e782d60/1487344426863/Report%20on%20design%20competitions.pdf
http://www.nezer-project.eu/download/18.76c6e08e1573302315f3866/1480075541576/1_Ups_booklet_290416.pdf
http://www.nezer-project.eu/download/18.76c6e08e1573302315f3866/1480075541576/1_Ups_booklet_290416.pdf
http://www.nezer-project.eu/download/18.76c6e08e1573302315f3866/1480075541576/1_Ups_booklet_290416.pdf
http://www.nezer-project.eu/download/18.76c6e08e1573302315f3866/1480075541576/1_Ups_booklet_290416.pdf
http://www.nezer-project.eu/download/18.76c6e08e1573302315f3866/1480075541576/1_Ups_booklet_290416.pdf
http://newtrend-project.eu/
http://newtrend-project.eu/
http://newtrend-project.eu/documents/
http://newtrend-project.eu/documents/
http://newtrend-project.eu/wp-content/uploads/2015/11/NewTREND_WP1_D1.2_Report_on_current_design_process_v2.0.pdf
http://newtrend-project.eu/wp-content/uploads/2015/11/NewTREND_WP1_D1.2_Report_on_current_design_process_v2.0.pdf
http://newtrend-project.eu/wp-content/uploads/2015/11/NewTREND_WP1_D1.2_Report_on_current_design_process_v2.0.pdf
http://newtrend-project.eu/wp-content/uploads/2015/11/NewTREND_WP1_D1.2_Report_on_current_design_process_v2.0.pdf
http://newtrend-project.eu/wp-content/uploads/2015/11/NewTREND_WP1_D1.2_Report_on_current_design_process_v2.0.pdf
http://newtrend-project.eu/wp-content/uploads/2015/11/NewTREND_WP1_D1.2_Report_on_current_design_process_v2.0.pdf
http://newtrend-project.eu/wp-content/uploads/2015/11/6_3-compressed.pdf
http://newtrend-project.eu/wp-content/uploads/2015/11/6_3-compressed.pdf
http://newtrend-project.eu/wp-content/uploads/2015/11/6_3-compressed.pdf
http://newtrend-project.eu/wp-content/uploads/2015/11/6_3-compressed.pdf
http://www.easee-project.eu/
https://cordis.europa.eu/docs/results/285/285540/final1-easee-final-report-public-attachment.pdf
https://cordis.europa.eu/docs/results/285/285540/final1-easee-final-report-public-attachment.pdf
https://cordis.europa.eu/docs/results/285/285540/final1-easee-final-report-public-attachment.pdf
https://cordis.europa.eu/docs/results/285/285540/final1-easee-final-report-public-attachment.pdf
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scaffolding-free installation 
approaches. 

OPEN HOUSE 
(2010-2013) 

Environmental, social/ 
functional, economic 
quality assessment tool 

https://cordis.europa.eu/
project/rcn/93875/factsh
eet/en  

https://www.ace-
cae.eu/fileadmin/user_uploa
d/eu_funded_projects/OPEN
_HOUSE_AG1.2.pdf 

SUPERBUILDINGS 
(2010-2012) 
 

Aesthetics; building 
performance; land use; 
comfort;  

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

https://cordis.europa.eu/pro
ject/rcn/93577/brief/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/ 
 

PERFECTION-FP7 
(2009-2011) 

Health; comfort; safety; 
productivity; well-being 

https://cordis.europa.eu/
project/rcn/89309/factsh
eet/en 

https://cordis.europa.eu/pro
ject/rcn/89309/brief/en  
https://cordis.europa.eu/pro
ject/rcn/89309/reporting/en  
https://cordis.europa.eu/pro
ject/rcn/89309/results/en  

 

  

https://cordis.europa.eu/project/rcn/93875/factsheet/en
https://cordis.europa.eu/project/rcn/93875/factsheet/en
https://cordis.europa.eu/project/rcn/93875/factsheet/en
https://www.ace-cae.eu/fileadmin/user_upload/eu_funded_projects/OPEN_HOUSE_AG1.2.pdf
https://www.ace-cae.eu/fileadmin/user_upload/eu_funded_projects/OPEN_HOUSE_AG1.2.pdf
https://www.ace-cae.eu/fileadmin/user_upload/eu_funded_projects/OPEN_HOUSE_AG1.2.pdf
https://www.ace-cae.eu/fileadmin/user_upload/eu_funded_projects/OPEN_HOUSE_AG1.2.pdf
https://cordis.europa.eu/project/rcn/93577/brief/en
https://cordis.europa.eu/project/rcn/93577/brief/en
https://cordis.europa.eu/project/rcn/93577/brief/en
https://cordis.europa.eu/project/rcn/93577/brief/en
https://cordis.europa.eu/project/rcn/93577/brief/en
https://cordis.europa.eu/project/rcn/93577/reporting/en
https://cordis.europa.eu/project/rcn/93577/reporting/en
https://cordis.europa.eu/project/rcn/93577/results/en
https://cordis.europa.eu/project/rcn/93577/results/en
https://www.hindawi.com/journals/tswj/2014/365364/
https://www.hindawi.com/journals/tswj/2014/365364/
https://cordis.europa.eu/project/rcn/89309/factsheet/en
https://cordis.europa.eu/project/rcn/89309/factsheet/en
https://cordis.europa.eu/project/rcn/89309/factsheet/en
https://cordis.europa.eu/project/rcn/89309/brief/en
https://cordis.europa.eu/project/rcn/89309/brief/en
https://cordis.europa.eu/project/rcn/89309/reporting/en
https://cordis.europa.eu/project/rcn/89309/reporting/en
https://cordis.europa.eu/project/rcn/89309/results/en
https://cordis.europa.eu/project/rcn/89309/results/en
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4  Compilation of the results of the identified research projects  

Based on the EU funded projects listed in Chapter 3, we have identified further the valuation criteria and 

their measurement principles and methods resulting from the developed work/research. 

4.1  Level(s)  

Level(s) is a voluntary reporting framework developed by the European Commission. It creates a common EU 

approach to assess the environmental performance of buildings.  

Level(s) had identified six macro indicators, as follows: 

1. Greenhouse gas emissions along building life cycle 

a. Actual building energy consumption (kWh/m2/yr) 

b. Life cycle global warming potential (CO2 eq./m2/yr) 

2. Resource efficient and circular material life cycles 

a. Building bill of materials (kg) 

b. Scenarios for lifespan, adaptability and deconstruction 

c. Construction and demolition waste and materials (Kg/m2) 

3. Efficient use of water resources 

a. Actual water consumption (m3/occupant/yr) 

4. Healthy and comfortable spaces 

a. Indoor air quality (Ventilation rate ς l/s per m2, CO2 - part per million, Relative humidity - % 

ratio of partial to equilibrium vapor pressure) 

b. Time out of thermal comfort range 

5. Adaptation and resilience to climate change 

a. Scenarios for projected future climatic conditions 

6. Life cycle cost (ú/m2/yr)  

The indicators can be assessed in three different levels; Common assessment, Comparative assessment and 

Optimisation assessment. 

Currently, the proposed indicators and assessments are being tested in 136 projects and a wider range of 

groups. Next steps will involve raising awareness and engage all actors in the programme; building capacity 

of industry and public authorities to practice Level(s); aligning widely used certification schemes and digital 

tools (such as BIM and renovation passport) with Level(s); supporting the development of national policies 

for more sustainable building environment.  The Architectsô Council of Europe supported the development 

of Level(s) throughout with one expert and co-operated with the EC on the testing phase. The architectsô 

contribution is potentially high in all six macro indicators and relates back to all seven areas of value identified 

in this report.  

4.2  ALDREN  

The project proposal is to consolidate, promote and implement an extended harmonised procedure and a 

set of relevant instruments, based on the European Common Voluntary Certification Scheme for non-

residential buildings (EVCS) in order to support deep building renovation of offices and hotels.  
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The project uses a model to simulate the energy consumption and monitors and verifies the results during 

the first year of operation after the deep renovation.  

A certified energy performance, health and wellbeing indicators will be linked with financial and economic 

indicators in order to facilitate the decision make process. These indicators relate to the seven identified 

areas of value of ógoodô architecture of this report.  

 

4.3  ABR ACADABRA  

This three-year Horizon 2020 project focused on the market up-take on energy efficiency. (ABRACADABRA 
ǎǘŀƴŘǎ ŦƻǊ !ǎǎƛǎǘŀƴǘ .ǳƛƭŘƛƴƎǎΩ ŀŘŘƛǘƛƻƴ ǘƻ wŜǘǊƻŦƛǘΣ !ŘƻǇǘΣ /ǳǊŜ and Develop the Actual Buildings up to zero 
energy, Activating a market for deep renovation.) 

ABRACADABRA is based on the prior assumption that non-energy 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 buildings through significant energy and architectural transformation to go beyond the minimum 
energy performance and aim at achieving Nearly Zero Energy Buildings (nZEBs). The integration of Renewable 
Energy Sources systems with new volume additions or new buildingǎΩ ŎƻƴǎǘǊǳŎǘƛƻƴ designed by an architect 
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  

The Mobistyle project aims to 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. A tool will inform the end-user on a combined set of information regarding 

energy, indoor environment, health and lifestyle. It will make the end-user more confident and conscious of 

which action to take in order to lower energy consumption. A game will be developed to encourage users to 

compare their action with other users and access past achievements. The user-centric approach goes in line 

with the TripleA-reno project. The set of information covers areas that are potentially effected by ógoodô 

architecture during the renovation process.  

 

4.5  P2ENDURE  

P2ENDURE aims to provide pre-fabricated plug-and-play solutions for energy efficient building envelope 

renovations and technical systems. The new solutions are be affordable, quick to manufacture and install, 

easy to replicate, adaptable and compatible to most of building types across Europe. There are ten 

implementation sites in which the products are applied and monitored ensuring that they will be ready for 

use for EU-market by 2020.  The façades are being developed taking into consideration 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  

The aim of the project is to develop a manufacture cost-effective 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 a range of tools for every phase of the design. In early stages, BER-DES tool helps to 
estimate the energy savings provide by the BRESAER system. During the technical design a BIM based tool 
provides straight forward feedback on buildability and cost. Finally, during use, BEMs tool is able to monitor 
and assess the energy savings after the implementation of BRESAER system. One of the final results of this 
project is a tool for architects to support their decision-making processes.  

 

4.7  SSO  

Smart and Sustainable Offices (SSO) pan European initiative was a Climate-Kic project which started in the 

beginning of 2014 and lasted for four years (December 2017). SSOôs main goal was to investigate work 

interior environments that positively affect users (health values) and reduce overall costs (economy values) 

while reducing energy consumption (ecology values).  

The SSO hypothesis is that improving physical working conditions can improve productivity and innovation 

processes without increasing energy consumption. In order to define an SSO valid model (valuation criteria), 

the first step was to test the relationships between the officeôs indoor environmental quality (IEQ) 

parameters, energy consumption and employeesô well-being, health and performance by carrying out 

empirical studies in different climates, different seasons, in real case scenarios. 

Variables studied were (mostly ecology and health related values): 

¶ Noise, Lighting, Temperature 

¶ Positive emotions, Negative emotions, Flow 

¶ Activity worthwhileness 

¶ Health symptoms  

¶ In-role, Extra-role 

Where means, standard deviations, minimum values and maximum values and their correlations were 

studied (measurements principles and methods), resulting in a certification scheme and design guidelines, 

which can be regarded as a valuation system, including three main categories: 

¶ Environment: energy efficiency & sustainability (ecological value) 

¶ Health and well-being: IAQ, noise comfort, thermal comfort & lightning comfort (health value) 

¶ Spatial quality: patterns, appliances, look & biophilia & accessibility (functional value) 

Therefore, an approach to architectural/ design evaluation through a compound of indicators was applied 

and demonstrated in this project, focused on the functional, ecological and health values, together with their 

related calculation methods. However, the final relationship between the certification rating and its 
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monetary/ productivity/ absenteeism measurement was missing (economical value), and thus, it supports 

this reportôs 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_oficina/Resumen_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 to increase the awareness on its advantages to all stakeholders in the design and construction chain. 

The project delivered several outcomes, such as the analyses and presentation of case studies, which 

implemented technical solutions for renewable energy sources in nZEB renovation, feasibility studies and 

environmental and economic assessments between traditional and nZEB renovation, guidelines for city plans 

to implement nZEB renovation, and training workshops and competitions to improve knowledge about nZEB 

renovation on the construction chain.   

An architectural design competition was undertaken in Finland. The winner proposal was the renovation of 

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

the social value by implementing community spaces and shared/common areas. The team looked in depth 

at proposals for renewable energies, passive strategies for daylight and thermal comfort, ventilation 

strategies and building materials. They also analysed the life cycle cost of the base case scenario and the nZEB 

renovation scenario and estimated a renovation payback time.    

More information on Finlandôs winner can be found under the link below. 

http://www.nezer-project.eu/designcompetition.4.1f96676d145d7c93741144d.html#.XJzi3i2ZO9Y  

 

4.9  New TREND  

New TREND developed an integrated retrofit design methodology and tools for energy efficient buildings. 
The tool for all stakeholders promotes a participatory design process from conceptual design phase to post 
occupancy evaluation phase. The includes a library with information on different energy efficient 
construction techniques, as well as a platform for 3D model and energy simulations.  

The project highlights the advantages of the engagement of all stakeholders and mainly the end-users. This 
involvement with the occupants provides feedback to the professionals in order to create design solutions 
that better address the occupants needs. As a result, occupants can understand better their home 
functionalities and technologies, are more conscient on their energy-saving/  use of their homes.  

This project goes very well in line with the user-centric approach of TripleA-reno. Furthermore the design 
process is highlighted, adding to the perceived value of architects, if they follow a participatory process.  

 

http://informesdelaconstruccion.revistas.csic.es/index.php/informesdelaconstruccion/article/view/5898/6970
http://informesdelaconstruccion.revistas.csic.es/index.php/informesdelaconstruccion/article/view/5898/6970
http://www.five.es/descargas/archivos/BES_oficina/Resumen_GUIA_BES_OFICINA_V_2_0_B171220.pdf
http://www.nezer-project.eu/designcompetition.4.1f96676d145d7c93741144d.html#.XJzi3i2ZO9Y
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4.10  EASEE  

EASEE created a tool-kit for façades retrofitting in order to create an energy efficient envelope for multi 

storey and multi-owner buildings built before the seventies. The technical prefabricate modular solution for 

internal and external renovation were tested in laboratory and trough virtual environment models and later 

validated in buildings in different countries. A Design software tool was created to 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 buildings. The assessment is done in 

six main categories: environmental, social/functional and economic quality, technical characteristics, process 

quality and location. Each category has a calculated scoring system and an assessment methodology. This 

project took place before Level(s) was developed and the Architectsô Council of Europe was a consortium 

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

 

4.12  SUPERBUILDINGS  

SUPERBUILDINGS (Sustainability and performance assessment and benchmarking of buildings) was a 

European Seventh Framework Programme for Environment which started in the beginning of 2010 and lasted 

for three years until the end of December 2013. 

The main objectives of SUPERBUILDINGS were, among others: 

¶ to develop the potential of sustainability assessment and benchmarking methods (measurements 

principles and methods) in progress towards a sustainable built environment, 

¶ to develop indicators (valuation criteria) for assessing the environmental, social and economic 

performance of buildings, 

The focus was to develop a common understanding about assessment methods and performance levels 

paying special attention on the validity of indicators and the comparability of assessment results. The focus 

of the work was on the following issues: validity, reliability, comparability, assessment method in design and 

operation, quantitative and qualitative methods and applicability. 

In this context, one of the objectives of SUPERBUILDINGS was to develop knowledge on typical performance 

levels. Seven key indicators 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 countries (mostly ecology and health related values):  

¶ Land Use 

¶ Energy Consumption 

¶ Greenhouse gas emissions 

¶ Water Consumption 
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¶ Waste production 

¶ Hygro-thermal comfort 

¶ Indoor Air Quality 

Another objective of the SUPERBUILDINGS project was the development and establishment of principles for 

the design of new systems or further development of existing systems for describing, measuring and 

reporting the sustainability of buildings and facilities. These principles may be applicable both during the 

planning stage of new buildings or at the time of delivery for demonstrating the quality of a property to third 

parties, as well as in the evaluation and up-grading of existing buildings. For this reason, a systematic 

approach is needed that results among others in an appropriate structure of assessment systems. 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 characteristics. The possible benchmark values depend on the type of the benchmark 

and can be outlined as follows: 

¶ Target values: political targets, technical optimum, economic optimum 

¶ Best practice value: best practice, upper quartile 

¶ Reference value: median value 

¶ Limit value: legal minimum, prescriptive minimum 

The project showed that there is a lot of common understanding, especially locally, about the typical and 

best performance values of different building regarding certain sustainability indicators. 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 project, focused on the ecological and health values, together with the study of 

existing calculation methods; concluding that local actors were aware of their goals, but also that there was 

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

this reportôs mission. 

More information: 

https://www.researchgate.net/publication/263208702_New_trends_in_sustainability_assessment_system

s_-_based_on_top-down_approach_and_stakeholders_needs 

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

 

4.13  PERFECTION  

PERFECTION (Performance indicators for health, comfort and safety of the indoor environment) 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 years. The goal was to help enable 

the application of new designs 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 criteria), as well as assessment tools (measurement principles and methods) based upon the 

framework were developed.  

In this context, an important task focussed on the use of indicators and the way they could stimulate the 

development and the uptake of new designs and technologies. 

The developed indicator framework, 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:  

¶ health and comfort (health value) 

¶ safety and security (functional value) 

¶ usability and positive stimulation (functional, social values) 

¶ adaptability and serviceability (social, heritage values) 

The framework and evaluation methods form the basic elements of the PERFECTION assessment tool. The 

target groups for this tool are end users (individuals, builders, designers, etc.), whose design decisions will 

be supported. The evaluation tool gives to registered users the possibility to execute an evaluation (value 

measurement) of their buildings. The evaluation process is currently as follows:  

¶ input generic data 

¶ select the indicators to be evaluated and determine the importance of each category (critical, 

important, standard, marginal) 

¶ rate indicator in accordance with the methods developed in parallel with the framework and indicate 

the relative importance of the evaluated indicator (critical, important, standard, marginal) 

¶ system produces a report in which the indicator coverage, the scores and the weights are clearly 

written 

The PERFECTION project enabled the consortium to put indoor performance as a concept on the forefront of 

the building value: PERFECTION KIPI Framework, the toolbox and DSS software and the promotional tool for 

products and technologies were applied in a series of case studies with positive results from the point of view 

of assessment and monitoring. 

Therefore, an approach to architectural/ design evaluation through a compound of indicators was applied 

and demonstrated in this project, focused on the functional, social, heritage and health values, together with 

their related calculation methods; and thus, supporting this reportôs vision. 

More information: 

http://www.irbnet.de/daten/iconda/CIB_DC23312.pdf 

https://cordis.europa.eu/project/rcn/89309/reporting/en 

 

  

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 

occupant? Are they all necessary 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 indǳǎǘǊƛŀƭ ǊŜǇƻǊǘǎ ǘƘŜ ǘŜǊƳ άǎƳŀǊǘέ Ƙŀǎ ǎǘŀǊǘŜŘ ǘƻ ōŜ ǉǳƻǘŜŘ ƳƻǊŜ ǊŜƎǳƭŀǊƭȅΦ ¢Ƙƛǎ 

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 advanced technologies in our efforts to develop high-

performing buildings (Buckman, et al., 2014). 

The revised Energy Performance of Buildings Directive (EPBD) was published in the Official Journal of the 

European Union in 19 June 2018 and entered into force 20 days after publication. The transition period for 

the Member States to implement the revised EPBD is 20 months. Two 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. ǘƻ ƛƴǘǊƻŘǳŎŜ ŀ άǎƳŀǊǘ ǊŜŀŘƛƴŜǎǎ ƛƴŘƛŎŀǘƻǊέΣ ǿƘƛŎƘ ǿƛƭƭ ƳŜŀǎǳǊŜ ǘƘŜ ōǳƛƭŘƛƴƎǎΩ ŎŀǇŀŎƛǘȅ ǘƻ ǳǎŜ ƴŜǿ 

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 act by establishing an optional 

common Union scheme for rating the smart readiness of buildings by 31 December 2019 (European 

Environment Agency, 2013). This optional common Union scheme for rating the smart readiness of buildings 

shall establish 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 can only indirectly be determined from the revised EPBD, which is the following: a smart building is 

such a building, which adapts the operation to the needs of the occupants (e.g. control of HVAC, lighting 

systems, building elements like shading, openings), and to the grid (e.g. 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 be found in literature. In 2015, the 

American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) published a handbook, 

ǿƘƛŎƘ ǘƛǘƭŜ ƛǎ ά{ƳŀǊǘ .ǳƛƭŘƛƴƎ {ȅǎǘŜƳǎέΦ wŜŦŜǊǊƛƴƎ ǘƻ ǘƘƛǎ ƘŀƴŘōƻƻƪ ǘƘŜ ǎƳŀǊǘ ōǳƛƭŘƛƴƎ Ƙŀǎ ōǳƛƭŘƛƴƎ 

components that exhibit 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 decisions and/or taking 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 functions within 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 processes allow the control of the 

buildingôs operations including HVAC (Heating, Ventilation, Air Conditioning), lighting, security and other 

systems. 

 

Figure 2: Scope of Smart Building (source: IBM) 

According to (Erickson, et al., 2011), in order to achieve energy savings on HVAC, real time occupancy data is 

critical, and it can get a 10 - 42% annual energy savings compared to the current state of the art baseline 

strategy. According to elektormagazine.com, a 10% reduction of the space needed for workplaces in a 10,000 

m² 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 solutions remains 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 saving of 24-32% when using smart 

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

smart building, such as (Liang, et al., 2014), (Paul & Taylor, 2008) or (Mateo-Cecilia, et al., 2018), are focused 

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

the approach of the TripleA-reno project. 

 

5.1  Smart building features / ICT  and benefits for the occupants  

The design and adoption of novel information and communication 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 at 2015 levels as 

stated in the Global e-Sustainability Initiative SMARTer2030 report (Global e-Sustainability Initiative (GeSI), 

2015). The application of ICT-enabled solutions is going to provide residents with greater insight and control, 

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 of the European Environment Agency (European Environment Agency, 2013), up 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 identification of the main energy consuming factors, trends, and 

patterns, along with the appropriate modelling and understanding of the occupantsô behaviour and the 

potential for the adoption of environmentally-friendly lifestyle changes have to be realized. In (Fotopoulou, 

et al., 2017), an innovative energy-aware 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 occupantsô behavioural change towards actions that could have a positive impact on energy 

efficiency. 

In (Morvaj, et al., 2011), the potentials of smart buildings as the basic building block of cities, such as demand 

side management capabilities, micro renewables, micro energy storage, or basic electricity-price based 

consumption control, have been scrutinized and put into perspective.  

In the residential sector, the so-called smart homes can be categorised based on their area of focus, such as 

energy, information and communication, security, health, environmental, home entertainment, and 

domestic appliances. (Kamel & Memari, 2019) review different types of energy smart homes under three 

major groups: homes with energy-monitoring systems, systems with control capabilities, and systems with 

advanced data-processing capabilities. Smart homes with energy-monitoring systems merely provide the 

total or granular energy-consumption data of the house by using equipment such as in-home 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 capabilities 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 residentsô comfort 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, which is on one hand convenient for the 

occupants, and on the other hand saves energy. Smart building technologies may cover the following areas 

and functions usually with the usage of a building management system: 

Á Optimized control of heating, cooling and ventilation systems 

In the heating and cooling system, an intelligent thermostat can be used: the self-learning thermostat 

ǘŀƪŜǎ ƛƴǘƻ ŀŎŎƻǳƴǘ ǘƘŜ ǊƻƻƳΩǎ ǘƘŜǊƳŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǘime required for heating / 

cooling the room at a given temperature, and learns with present attitudes to find out during which 

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

cooling. 

Á Automatic operation of shutters 

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 façade, nighttime 

thermal protection below a given outdoor temperature. 

Á Control of the lighting system 
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LED light fixtures have a longer life-span, 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 occupantsΩ ƴŜŜŘǎΦ  

Á Monitoring energy and water consumption 

Measuring, displaying and storing the energy and water consumption data gives the opportunity for 

analysing the consumption trends, which helps the occupants to become more conscious consumers. 

The smart building system can indicate water leakages as well. 

Á Monitoring IAQ parameters 

This feature means the ongoing measurement of the indoor air temperature, relative humidity and 

contaminant data to inform occupants about their air quality. This feature helps the users to maintain 

good indoor air quality parameters.  

Á 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 and the price of the service used. Smart meters provide real-time information on the 

use of the service for both, consumers and service providers. Consumers can keep track of their 

current consumption and change it based on the data. In the demand response programs the building 

has smart meters with communications and ability for the building automation system to accept an 

external price or control signal. 

Á Security system 

The smart building system may include a security system as well, which for example can detect and 

send an alarm when intrusion into the building is taking place. 

Á Convenient functions 

Smart buildings may provide convenient functions especially in residential buildings, such as voice 

control of HVAC systems, or remote control of technical building systems. 

 

5.2  The Smart Readiness Indicator  for Buildings  

 Ψ{ƳŀǊǘ wŜŀŘƛƴŜǎǎ LƴŘƛŎŀǘƻǊ ŦƻǊ .ǳƛƭŘƛƴƎǎΩ ƛǎ ŀ ǊŜŎŜƴǘ ǎǘǳŘȅΣ ǿƘƛŎƘ ǿŀǎ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ ŀ ŎƻƴǎƻǊǘƛǳƳ ƻŦ ±L¢hΣ 

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

Directorate-General for Energy. The preparatory study provides technical support to the Directorate-General 

for Energy of the European Commission in order to feed into the negotiations and decision process regarding 

potentially setting up a Smart Readiness Indicator ŦƻǊ .ǳƛƭŘƛƴƎǎΦ {ǳŎƘ ŀ Ψ{ƳŀǊǘ wŜŀŘƛƴŜǎǎ LƴŘƛŎŀǘƻǊΩ ό{wLύ Ŏŀƴ 

give recognition for smart building technologies and functionalities, which enhance the energy efficiency and 
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ƻǘƘŜǊ ǇŜǊǘƛƴŜƴǘ ǇŜǊŦƻǊƳŀƴŎŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ōǳƛƭŘƛƴƎ ǎǘƻŎƪΦ ¢ƘŜ Ŧƛƴŀƭ ǊŜǇƻǊǘ ƻŦ ǘƘŜ Ψ{ƳŀǊǘ wŜŀŘƛƴŜǎǎ 

LƴŘƛŎŀǘƻǊ ŦƻǊ .ǳƛƭŘƛƴƎǎΩ ǎǘǳŘȅ ǿŀǎ released in August 2018.  

The main objective of the study was to develop a harmonized SRI calculation methodology based on a multi-

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 the functionalities they can offer for occupants. Each of the services can be implemented with 

ǾŀǊƛƻǳǎ ŘŜƎǊŜŜǎ ƻŦ άǎƳŀǊǘƴŜǎǎέ όǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŦǳƴŎǘƛƻƴŀƭƛǘȅ ƭŜǾŜƭǎέύΦ ¢ƘŜ building services cover multiple 

domains (e.g. heating, lighting, electric vehicle charging, etc.) and can also result in various impacts (energy 

savings, comfort improvements, flexibility towards the energy grid, etc.). The multitude of domains and 

impact categories results a multi-criteria assessment method, which is proposed for calculating the smart 

readiness indicator for buildings (Verbeke, et al., 2018).  

 

 

Figure 3:  Overview of the SRI methodological framework 
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(source: Verbeke S., Waide P., Bettgenhäuser K., Uslar M.; Bogaert S. et al., Support 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 developed, including 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. On-site renewable energy generation 
8. Demand Side management 
9. Electric vehicle charging 
10. Monitoring and control 

 

For some of the services listed in the full-service catalogue, relevant standards and methodological 

frameworks are currently lacking, therefore a reduced set of 52 actionable smart ready services can be used 

currently. For each of these services several functionality levels are defined. A higher functionality level 

ƳŜŀƴǎ άǎƳŀǊǘŜǊέ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ǎŜǊǾƛŎŜΣ ǿƘƛŎƘ ƎŜƴŜǊŀƭƭȅ ǇǊƻǾƛŘŜǎ ƳƻǊŜ ōŜƴŜŦƛŎƛŀƭ ƛƳǇŀŎǘǎ ǘƻ ōǳƛƭŘƛƴƎ 

users or to the grid compared to services implemented at a lower 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.), implying that ranks cannot 

be readily compared quantitatively from one service to another. The multitude of domains and impact 

categories results in a multi-criteria assessment method. A smart ready service can provide several impacts 

to the users and to the energy grid. 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 considered, 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 energy flexibility potential of the 

building. 

3. Self-generation 
This impact category refers to the impacts of services on the amount and share of renewable energy 

generation by on-site assets and the control of self-consumption or storage of generated energy. 

4. Comfort 
This impact category refers to the impacts of services on occupants comfort. 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 

https://smartreadinessindicator.eu/
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This impact category refers to the impacts of services on convenience for occupants, i.e. the extent 

ǘƻ ǿƘƛŎƘ ǎŜǊǾƛŎŜǎ άƳŀƪŜ ǘƘŜ ƭƛŦŜ ŜŀǎƛŜǊέ ŦƻǊ ǘƘŜ ƻŎŎǳǇŀƴǘΣ ŜΦƎΦ ōȅ ǊŜǉǳƛǊƛƴƎ fewer manual interactions 

to control technical building systems. 

6. Well-being and health 
This impact category refers to the impacts of services on the well-being and health of occupants. For 

instance, smarter controls can deliver an improved indoor air quality compared to traditional 

ŎƻƴǘǊƻƭǎΣ ǘƘǳǎ ǊŀƛǎƛƴƎ ƻŎŎǳǇŀƴǘǎΩ ǿŜƭƭ-being, with a commensurate impact on their health. 

7. Maintenance and fault prediction, detection and diagnosis 
Automated fault detection 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 include control systems in the regulation of technical building 

systems and to propose a framework to better target the performance of control systems. The ACE also 

commends the Commissionôs approach to catalogue the control capabilities of system types supplying each 

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 automation has many advantages, there is ample evidence that 

control systems are a major factor in the energy performance gap. The ACE finds it concerning that the 

assessment carried out by the SRI study to quantify the potential impact of SRIs appears to assume that the 

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 better 

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 systems. Better 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 that in this next 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 system capability is 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 challenge to the credibility of the SRI and could further undermine the reputation of the EPBD. ACE 



 
 

 
Page 29 of 70 

 

urges the Commission to find ways to safeguard investment in construction and renovations from the 

potential mis-selling 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. The result 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 are not sufficiently 

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 occupant well-being.  

The EPBD states that the SRI ñshould give confidence to occupants about the actual savings of those new 

enhanced-functionalitiesò. To avoid the SRI rewarding ócomplexity without meritô, ACE maintains that the 

framework needs to create credible incentives for the automation sector to address the additional burdens 

and barriers affecting the professional design integration, installation, commissioning, operation and 

maintenance of automated technical systems and controls.   

Validation of performance ï quality assurance 

The most notable of such barriers 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 handover, but due to the complexity of the process and 

fragmentation of responsibilities it rarely takes place in full and in practice, most control systems encounter 

problems from the start. 

Key to any quality assurance framework for building systems and controls is the reconciliation of readings 

from sensors, meters and submeters with on-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 their use cycle.  

Such reconciliation is not only the cornerstone of benchmarking, diagnostics and occupant engagement but 

is the key enabler of cost-effective energy performance contracting. In the 2018 revision of the EPBD, energy 

performance contracting is referred to as a proven mechanism for achieving significant improvements of 

energy performance in-use. Moreover, benchmarking, logging and communication of performance data for 

system optimization and user engagement, as set out in Article 14/15 para 4b, can only be accomplished 

reliably once such a reconciliation has taken place. 

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

of systems, the SRI ratings have the potential to become the much-needed quality 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 their óreconciledô or óvalidatedô performance to ensure that 

the energy and carbon savings, amounting to annual investment worth billions of euros, are realised in the 

EU. 

The ACE 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 levels of 0-4 then 

weighted by criteria A-H (services, feasibility, information etc.) using a points system (0-100), after which 

these are weighted by impacts to arrive at a single A-G 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 for such a complex 

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 study described by the SRI report tested the time required to óscoreô a building, it did not take 

into account the time required to source documentation, including control strategy and as-built information 

on systems. In our experience this is one of the most time-consuming tasks when undertaking 

óreconciliationô. 

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, to ensure that the level of 

performance envisaged is achieved.  

The impact categories include energy savings on-site, flexibility for the energy grid and storage, self-

generation of energy, comfort, convenience, well-being and health, maintenance and fault prediction, 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 systems would 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 currently available 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 category rather 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 technologies are 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 the EPBD. 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. The direct 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 the quality 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 stakeholder. 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 to be recognized 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 assurance: the 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 stakeholder meetings.   

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 contracting, the two areas that are recognised as highly effective by 

the current regulatory framework but lacking incentives. It would help the transition towards replacing 

annual on-site inspections with remote ones and pave the way for much more cost-effective remote 

inspections.  

Such a scheme would offer easy entry points for less technical stakeholders and provide immediately to 

building owners and occupants ï value for investment as well as feedback on performance. It would present 

obvious and simple links to the currently 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 identify the degree to which the value of ógoodô architecture and 

its influence on building performance is taught in architecture schools in their countries. Hence the following 

sub-chapters focus on Hungary, Italy and Spain. Additionally, an online survey was run by the Architectsô 

Council of Europe (ACE) in cooperation with the EAAE ï the European Association for Architectural Education 

in order to provide a European overview.  

 

6.1  A European Overview  

This report set out by defining various sets of criteria, which are influenced by ógoodô architecture. 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 value of buildings in relation to these seven 

areas. The criteria have been used as a basis for an online survey amongst European architecture faculties 

and departments. The aim was to investigate to which extent these aspects of ógoodô architecture are taught 

to students and researched. The following Architecture Schools have participated in the survey and are 

summarised in figure below. The exact courses are compiled in a table in Appendix 1.  

 

Figure 4: Participating European Architecture Schools in the survey 
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Bulgaria 

- UACEG - University of Architecture, Civil Engineering and Geodesy (https://www.uacg.bg/?l=2) 

Hungary 

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

Italia 

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

Netherlands 

- Delft University of Technology (https://www.tudelft.nl/en/) 

Portugal 

- Évora 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) 

Slovenia 

- University of Ljubljana (https://www.uni-lj.si/eng/) 

Spain 

- Politècnica UCAM, Murcia (https://www.ucam.edu/) 

- Universitat Politècnica de València - Escuela Técnica Superior de Arquitectura de València 

(http://www.upv.es/entidades/ETSA/) 

- Universitat Politècnica de Catalunya - 9ǎŎƻƭŀ ¢ŝŎƴƛŎŀ {ǳǇŜǊƛƻǊ ŘΩ!ǊǉǳƛǘŜŎǘǳǊŀ ŘŜƭ ±ŀƭƭŝǎ 

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

- Universitat Politècnica de Catalunya - 9ǎŎƻƭŀ ¢ŝŎƴƛŎŀ {ǳǇŜǊƛƻǊ ŘΩ!ǊǉǳƛǘŜŎǘǳǊŀ ŘŜ .ŀǊŎŜƭƻƴŀ 

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

- Universidad Politécnica de Madrid (http://www.upm.es/) 

- Universidad de Granada ς Escuela Técnica Superior de Arquitectura de Granada 

(http://etsag.ugr.es/) 

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

United Kingdom 

- University of Sheffield (https://www.sheffield.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 depicts the answers for each participating country for the main seven areas. The economic 

value is most taught in the United Kingdom. The University of Reading is currently conducting a Value Study 

for the Architectsô Council of Europe, which might be related to the question of the economic high value of 

architects and the other high values found in the responses of the UK.   The Netherlands replied with 100% 

to almost all areas, which only speaks about the quality of teaching at the participating University of Delft 

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 well-being factors are the most perceived, whereas in Portugal the 

cultural and heritage value an architect brings seems to be vital. The well-being and heritage areas are also 

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

Table 3. Taught Criteria Areas of good architecture per country 

 

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

by well-being 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 the comparable 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   

https://www.ace-cae.eu/?id=999
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Figure 5: The ranking of the seven main areas of ΨƎƻƻŘΩ ŀǊŎƘƛǘŜŎǘǳǊŜ taught at EU Architecture Schools 

 

The figure 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 understanding. It is 

interesting to see the functional criteria so low, as usually architectural design is strongly linked to functions, 

as the famous quote of the 19th century architect Louis Sullivan. This figure is just intended to provide an 

overview of all criteria. The criteria per area can be found in the following figures thereafter.  
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Figure 6: The ranking of the taught criteria 

 

 

Figure 7:  The ranking of the Heritage criteria 
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Figure 8:  The ranking of the Well-being criteria 

 

 

Figure 9:  The ranking of the Cultural criteria 
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Figure 10:  The ranking of the Functional  criteria 

 






























































