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Eco-Innovation Observatory

T he Eco-Innovation Observatory functions as a platform for the structured collection and
analysis of an extensive range of eco-innovation information, gathered from across the
European Union and key economic regions around the globe, providing a much-needed
integrated information source on eco-innovation for companies and innovation service
providers, as well as providing a solid decision-making basis for policy development.

The Observatory approaches eco-innovation as a persuasive phenomenon present in all
economic sectors and therefore relevant for all types of innovation, defining eco-innovation as:

A E einmovation is any innovation that reduces the use of natural resources and decreases the
release of harmful substances across the whole life-c y c | e 0 .

To find out more, visit www.eco-innovation.eu

Any views or opinions expressed in this report are solely those of the authors and do not necessarily
reflect the position of the European Commission.
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A note to Readers

Any views or opinions expressed in this report are solely those of the authors and do not necessarily
reflect the position of the European Commission. A number of companies are presented as illustrative
examples of eco-innovation in this report. Their inclusion in this report does not imply that EIO endorses
these companies and, it should also be noted that, the report is not an exhaustive source of information
on innovation at company level.

This document is available for download from www.eco-innovation.eu
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Introduction

This report brings together results from the Eco-Innovation Observatory (EIO) foresight

activities, which during the first year of operation of the EIO have been focused on sustainable

construction, one of the EU lead market areas. This report is a followi up of two previous EIO

report s, i ncl-aafdfiingi éiiRte soawmster ucti ono, the EI O the
Trends - Creating the environmentforeco-i nnovati on evolutiono, the EIC
report 2010, both available for download at the EIO website http://www.eco-

innovation.eu/reports.

EIO foresight activities on sustainable construction have been carried out during 2010-2011. This report

is based on analysis of the responses to a two-round Delphi survey implemented in late 2010 and early

2011 as well as a workshop held in October 2011. The results include four scenarios on sustainable

construction, cross-impact analysis between selected trends related to sustainable construction, trend

impact analysis on material consumption in the construction sector, and a roadmap to a sustainable city

in Europe. Results from the first round of the EIO Delphi have been already used in the above

mentioned EI O themati cefrfeipoireant20ddn ditAirRiecstoiudcrc®. The ti m
activities was from the present up to the year 2030.

EIO Report: Foresight 2010 5
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1| The EIO Delphi

Delphi is a widely used technique to assess potential future alternatives where selected
experts react to initial statements by giving comments and arguments, which can be used for
different purposes such as for scenario construction. Delphi is a form of a survey analysis,
involving repeated polling and it can involve two or more rounds of surveys. After each round,
the responses are collected and analysed and the received data is sent back to the
respondents for further examination. This notion distinguishes Delphi from other surveys. One
of the key issues to carry out a successful Delphi is the selection and motivation of
participants, who should include experts likely to contribute valuable ideas. Furthermore, the
selected experts of a Delphi panel are usually separated by geographical space, and their
identity is usually kept anonymous. (Gordon 2009.)

In the Delphi carried out within the EIO on sustainable construction, the Delphi was not implemented by
following precisely the way presented above. The major difference is that a Delphi panel was not used.
Instead, the aim was to involve a large number of participants including experts and business
stakeholders of sustainable construction. Experts were not invited to a panel, but the surveys were sent
to members of construction-related organisations, representing different countries.

Two rounds of the EIO Delphi on sustainable construction took place during the year 2011. The first
round was implemented by using web-based survey software Webropol.com and the second round by
using SurveyMonkey.com. Both surveys were distributed to the following forums: European Construction
Technology Platform (ECTP) contact points, Architects Council of Europe (ACE) members, and the EIO
website. In addition, a number of individual experts were handpicked and approached directly via e-mail.
The target group was the same in both surveys, but the respondents were not necessarily the same
individual experts.

1.1 | First round

1.1.1 | Respondents

The firstround produced 128 responses. Their distributions based on
and role in organisation in figures 1 and 2. From the responses of companies (42% of total), SMEs (less

than 50 employees) in the construction sector represented 28%, SMEs in other sectors 7%, medium-

sized companies (507 250 employees) in the construction sector 6%, medium-sized companies in other

sectors 6%, big companies (more than 250 employees) in the construction sector 21%, big companies in

other sectors 9% and consulting companies 23% (Figure 1). The largest respondent group (43% of the

total) represented academics (researchers and teachers).

EIO Report: Foresight 2010 6
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Figure 1 | Affiliation of the respondents

M Company M Research organisation or university
& Public administration M NGO
M Other
4% 6%
5%

Source: EIO Sustainable Construction Delphi Survey 2011

Figure 2 describes how the respondents represented different job titles, and how they considered their

role in the background organisation. The most d6common |
(17%) and fApolicy makero (12%). The | arge share of fAot
were not the best possible ones. A vast majority of th

(33%), fexpert/ anal yst o ( 32Z%)) Theapositionfofnaimdstidll eespomdentsa g e me nt 0
was relatively high in their organisation, which reflects the membership structure of the ECTP and ACE.

Figure 2 | Job titles of the respondents and their role in the organisation

Job title Role in the organisation

B Architect ¥ Top management
| Middle management
M Expert / analyst

o Matenal engineer ® Other

W Urban planner M NA/DK

& Civil engineer

M Designer

o Developer

M Policy maker
& Other

i NA/DK

Source: EIO Sustainable Construction Delphi Survey 2011
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Sixty-five per cent of the respondents came from the EU-27 Member States in the first round (Figure 3).
International Associations (IA), International Companies (IC) and International Organisations (I0) were
represented by 7% of the respondents, and the respondents from countries outside Europe accounted
only 2%. The top 5 countries of the respondents were Switzerland, Germany, Spain, Netherlands and
the UK.

Figure 3 | Origin of the respondent organisations

HEU-27 ®ENon-EUEurope HEIA,IC, IO wOther

7% 2%

Source: EIO Sustainable Construction Delphi Survey 2011

1.1.2 | Grand challenges of the construction sector

Overall, the impact of most grand challenges is expected to rise significantly over the two upcoming

decades (Figure 4). Climate change appears to have the highest impact on the resource-efficient
construction by 2030, followed by "~ O0rmppéd curchea n@ermst rTaien
average values of the three factors are higher than 4,
changesodo, and fdfiechhnal @g i cdaoy2830g0E Al thd abde nsentioned, it is

worth noti ng t hsadnsidéredrtobhava theshgghest onpatt inithe near future (2010-2015),

but its impact is likely to increase at a slower rate and end up at a lower level compared to the leading

three factors by 2030. One the ot heercohnaonndi,c tchrei sgersadon di sc
estimated to lose its impact over time. It is interesting to see that this factor is considered to impact the

resource-efficient construction the most at the present, but the least after the two next decades.

EIO Report: Foresight 2010 8
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Impact of the grand challenges on the resource-efficient construction

4.5

3.5

2.5

2010 2015 2030

1) Aging of society and demographic change
=2 ) Urbanisation
= 3) Climate change
w— ) ResOurce constraints
5) Financial and economic crises
= () Technological lock-ins including aging
infrastructures

= 7) Value system changes influencing demand
from customers

Source: EIO Sustainable Construction Delphi Survey 2011. Vertical axis is based on the average
ranking of responses on scale 1 to 5, where 5 is the highest impact.

1.1.3 | Activities to reach sustainable construction

The respondents were asked to assess the potential of selected activities, once implemented, to
transform the construction sector to become more ecologically sustainable and material efficient.
Estimates for the likelihood of the activities in the future were inquired. Table 1 presents a summary from

the estimates provided by the experts.

EIO Report: Foresight 2010
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Table 1 | Eco-innovation related activities transforming the construction sector

Renovation of old buildings

Improving the energy efficiency of buildings (old and new) through
the building envelope

Improving the energy efficiency of buildings (old and new) through
building technologies

Construction of new 0-energy buildings

Construction of new 0-emission buildings

Improving the material efficiency of buildings (old and new)

Recycling and urban mining

Responsible materials stewardship Medium

Industrialised construction Medium Low

Potential of eco-innovation related activities transforming the construction sector and their impact in five
and 20 years. Based on ranking on a scale of 1 to 5: 1= very low, 2= low, 3= medium, 4= high, 5= very
high. The symbols indicate:

U higher importance by less than 0.5 to the 2015 rating

U Uhigher importance by more than 0.5 to the 2015 rating

Source: EIO Sustainable Construction Delphi Survey 2011.
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All included eco-innovation related activities are projected to have an increasing impact within the next
20 years, but the level of impact tended to vary among them (Table 1). Estimates show high potential for

al | activities currently esxewprtdsihiep@Poansd bfiiendag teri al i
show only medium potential. Within the next 5 years, the impacts of most activities seem to remain at

medi um and | ow |l evels. Only the activity HAignproving en
enveloped sees a high level of impact by 2015. This re

enhance energy performance of buildings (see Directive 2010/31/EU). However, the prospect is

expected to change rapidly by 2030 when almost all eco-innovative activities are predicted to create

high impact on the construction sector. The activities related to material efficient construction seem to

make higher i mpact than those aiming only at improving
urban miningodo and Aresponsi ble materials stewardshipo
2015 to a high level in 2030. This presents the most dramatic increase in the impact among all the

activities. Industrialised construction is unsurprisingly expected to keep its impact at a medium level by

2030.

1.1.4 | Drivers and barriers of sustainable construction

In the last part of the first round, the respondents were asked to rank the relevancy of selected drivers
and barriers of eco-innovation in the construction sector. The selected drivers and barriers were grouped
into five categories:

e environment

» economy and market

» knowledge base and social capital
¢ technology

 regulatory framework.

In the cat egor yFigire5) mostfactorsnaenestilatgd to increase their relevance up to the
year2030.iScarcity of mater i al-ef ffioori eemte rtgeyc hamadl o geiseosuaxr cies t |
factor in this category. As a driver, it sees the most significant rise in its relevance among the factors; as

a barrier, it also becomes more relevant, but at as a lower degree as being a driver. The relevance of the

driver fAfavourable geographical l ocationodo is to increa
geographi ¢ a | |l ocationd remains constant for the whole peri
least relevant factor in the category.

EIO Report: Foresight 2010 11
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Figure 5 | Relevance of drivers and barriers: environment

(" B
Drivers and barriers: environment

3.60

e [): Scarcity of materials for energy
340 | and resource-efficient technologies
320 |

~D: Favourable geographical
3.00 location (e.g. stable temperatures,
2.80 | ground composition)

/ - B: Scarcity of materials for energy

260 | // and resource-efficient technologies
240 | =

e B Unfavourable geographical
220 | location (e.g. limited sunlight,

extreme temperatures)
2.00

2010 2015 2030

Source: EIO Sustainable Construction Delphi Survey 2011. Based on ranking on a scale of 1 to 5: 1=
very low, 2= low, 3= medium, 4= high, 5= very high relevance.

The respondents” view on the market and economy is quite optimistic for eco-innovation in the sector in
the next 20 years. While the relevance of almost all the barriers is expected to decline rapidly, that of the

drivers is to increase moderately (Figure6) . The most relevant factors curren
demandforeco-i nnovati venkduifilpdiimcges ®f materials for innovati v
estimated to be replaced by the driver factors f@Ahigh p
innovative building componentso up to oftwebagiermar 2030. F
exists an interesting relationship: as #fAprice of mater
down, fAde mainndn ovoart iewceo bui |l dingsd goes wup. In the end, |

low degree of relevance for eco-innovation.

EIO Report: Foresight 2010 12
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Figure 6 | Relevance of drivers and barriers: economy and market

- )
Drivers and barriers: Economy & market

400 s 102 Highs price of building materials (as an
380 | \ incentive to search for substitutes)

s O Competition for innovative building
3.60 components

s (3 Bulldling materials are too cheap
3.40
3.20 s B2 Building materials are too expensive
3.00 s B Limnited access to venture capital & other

: sources of finance for innovative projects
2.80 w1 Price of materials for innovative
technologies is too high
260 s B Lack of competition for innovative building
\ components
240 | e B2 Umited demand for eco-innovative buildings
2.20 (user-investor dilemma)
2 s Relurbishing too expensive
2010 2015 2030 P
" J

Source: EIO Sustainable Construction Delphi Survey 2011. Based on ranking on a scale of 1 to 5: 1=
very low, 2= low, 3= medium, 4= high, 5= very high relevance.

The optimism about strengthening of the drivers and removal of the barriers appears clearer in the

categoryik nowl edge base aFgure 7sandcFigurd 8). Allahe driveaslare préjected to

increase significantly, whereas all the barriers are t
sustainable constructiond is considered the most relev
will be followed by thedrive r fAawareness of building/ home ownerso, whi
at the present. This might be the reason why the two as barriers are regarded as much less relevant as

now in the next 20 years. I nsteadsefttiosl awnear sié¢ aatkt ioff u

knowl edge/ training of handworkerso seem to become the 1

EIO Report: Foresight 2010 13
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Figure 7 | Relevance of drivers: knowledge base and social capital

Drivers: Knowledge base& social capital
= D: Building planners skilled in
330 /A sustainable construction
' // {architects, engineers, etc.)
370 > 4 = D: Handworkers skilled in
// // sustainable construction
3.60 - (electricians, plumbers, etc.)
// /// - [D: Strong collaboration between
3.50 research, experts and business in
/ /// the construction sector
3.40 // = D: High level of awareness of
330 / building/home owners
- D): High level of acceptance of
320 building/h
2010 2015 2030 Rk
\& J

3.90

Source: EIO Sustainable Construction Delphi Survey 2011.
Based on ranking on a scale of 1 to 5: 1= very low, 2= low, 3= medium, 4= high, 5= very high relevance.

Figure 8 | Relevance of barriers: knowledge base and social capital

(& )
Barriers: knowledge base & social capital
4.10 ——B: Weak collaboration between
research, experts and business in
3.90 construction sector
= B: Lack of knowledge/training of
3,70 handworkers (electricians, plumbers
etc.)
3.50 ~— B: Lack of knowledge/training of
' building planners (architects,
engineers etc.)
3.30 B Eack of awareness of
building/home owners
3.10
e B: Lack of acceptance of
2.90 building/home users
2.70 ~B: Risk averse attitudes in the
2010 2015 2030 construction sector
s -/

Source: EIO Sustainable Construction Delphi Survey 2011.Based on ranking on a scale of 1 to 5: 1=
very low, 2= low, 3= medium, 4= high, 5= very high relevance.

EIO Report: Foresight 2010 14
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In t he c®dthmolpgydy dhanges in the relevance ofinndvdtien factors
in the sector (Figure 9). All the barriers see a downward trend in their relevance, while the reverse is true
for all the drivers. AHi gh research and devel opment ac

technol ogy devel opment 0 ofsirtraasirg retpvance. Starbng fsomimaingthe t r en d
least relevant factors currently, these two are expected to rise significantly to become the most relevant

factors by 2030. Accordingly, both barriers idnl ow resea
sectoro and Al ack of innovative technology devel opment
relevance. However, the latter is still considered the most relevant barrier in the future. Thus,

it ec hnol oinsileqeold energydrfrastruct ur es) 0 i's surprisingly not seen
barrier by 2030.

Figure 9 | Relevance of drivers and barriers: technolog

(= =)
Drivers and barriers: Technology
3.90 w—): High research and
370 ) / development activity in the
construction sector
350 D: Innovative technology
development
3.30
~B: Lack of innovative technology
3.10 development
290 | . — - B: Technological lock-ins (e.g. old
— energy infrastructures)
2.70 | = > <
——B: Low research and
2.50 development activity in the
\_ 2010 2015 2030 construction sector )

Source: EIO Sustainable Construction Delphi Survey 2011. Based on ranking on a scale of 1 to 5: 1=
very low, 2= low, 3= medium, 4= high, 5= very high relevance.

The category fAregulatory frameworko repeats the previo
decrease their relevance in the future (Figure 10). All barriers that are the most relevant factors now are
expected to be the least relevant factors by 2030. The r el evance of the barrier ALa

programmes for sustainable constructionodo is expected t
progr ammes for sustainable constructiond is expected to
Drivers figreen public procurementd and fAconstruction m
relevance, but the latter’s relevance is to remain at a relatively low degree compared to the others.

Mor eover, the most relevant factor in the next 20 year
regul ations and standardso, which is the only one exce

(See also Table 2).

EIO Report: Foresight 2010 15
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Figure 10 | Relevance of drivers and barriers: regulatory framework

(o )
Drivers and barriers: Regulatory framework
420 - = we [): Green public procurement
4.00
s [ Ambitious building regulations and
3.80 standards
3.60 s Dz Construction materials tax
3.40
3.20
3.00 s B2 Lack of subsidies and programmes for
2.80 sustainable construction
: s B Unambitious regulations and
260 standards
2.40 ~ B:Monitoring and certification
2010 2015 2030 underdeveloped
\_ =7

Source: EIO Sustainable Construction Delphi Survey 2011. Based on ranking on a scale of 1 to 5: 1=
very low, 2= low, 3= medium, 4= high, 5= very high relevance.

Table 2 and Table 3 include the top ten drivers (Table 2) and top ten barriers (Table 3) of sustainable
construction based on the Delphi results on the average value of relevance in 2030. Generally speaking
drivers of sustainable construction were considered more relevant than barriers. All top ten barriers were
considered as fimedi uymoo fwhdirliev ear sv ansetr emacjoonrsiitder ed
relevance calculated from the individual responses.

EIO Report: Foresight 2010 16
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ten drivers of sustainable construction in 2030

Drivers of sustainable construction

Driver name

1. Ambitious building regulations and
standards

2. Building planners skilled in
sustainable construction

3. High level of awareness of
building/home owners

4. High R&D activity in the
construction sector

5. Innovative technology
development

6. Strong collaboration between
researchers, experts and business in
the construction sector

7. High level of acceptance by
building users

8. Handworkers skilled in sustainable
construction

9. Green public procurement

10. Competition for innovative
building components

Category

Regulatory
framework

Knowledge
and social
capital

Knowledge
and social
capital

Technology

Technology

Knowledge
and social
capital

Knowledge
and social
capital

Knowledge
and social
capital

Regulatory
framework

Economy and
market

Relevance
value 2030

4.03

3.88

3.86

3.83

3.82

3.81

3.75

3.72

3.62

3.47

e(_oarnuvohun
observatory

Source: EIO Delphi on Sustainable Construction Survey. Based on ranking on a relevance scale from 1
to 5: 1=very low, 2=low, 3=medium, 4=high, 5=very high relevance.
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ten barriers of sustainable construction in 2030

Barriers of sustainable construction

Barrier name

1. Lack of knowledge/training of

handworkers

2. Low R&D activity in the construction

sector

3. Risk averse attitudes in the construction

sector

4. Scarcity of materials for energy and

resource efficient technologies

5. Lack of knowledge/training of building

planners

6. Building materials too expensive

7. Weak collaboration between researchers,
experts and business in the construction

sector

8. Refurbishing too expensive

9. Technological lock-ins

10. Lack of subsidies and programmes for
sustainable construction

Category

Knowledge
and social

capital

Technology

Knowledge
and social

capital

Environment

Knowledge
and social

capital

Market and

economy

Knowledge
and social

capital

Market and

economy
Technology

Regulatory
framework

Relevance value 2030

3.27

3.24

3.22

3.07

3.06

3.03

3.01

2.99

2.99

2.95

Source: EIO Delphi on Sustainable Construction Survey. Based on ranking on a relevance scale from 1
to 5: 1=very low, 2=low, 3=medium, 4=high, 5=very high relevance.
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1.2 | Second round

The second round of the EIO Delphi activity in 2010 focused on gathering necessary input for two
impact analysis approaches, namely cross-impact analysis and trend impact analysis. The Delphi results
and both impact analysis results based on the same results are dealt with in the next two subchapters.

The second round of the 2010 Delphi activity was implemented with www.SurveyMonkey.com, where

matrix-type question available for use. The questionnaire is available in Annex 2 of this report. 35

responses were received. The questionnaire was obviously considered as very technical but on the

other hand, compared to the 128 responses in the first round, the second round gained 27.3% of the first

round responses which is quite satisfactory. The target group was the same as in the first round.

Questions related to the background information of respondents were placed in the end of the

questionnaire. Many respondents did not answer to these questions. Of the 35 respondents, only 19

(54%) gave their respondent information. From these 19, 47% came outside of EU-27, 42% represented

research organisations, and 26% were from companies in the construction sector. Public administration,
consultants and fiothersod were represented with an 11%
position of expert/analyst in their organisation, 16 % were from top management, 11% from middle

management and 5 % fr om 0 otrbwas4260,conSultants 2l¥%,aivile of researc
engineers 16%, architects 11% and fAiotherso 11% in rega

1.2.1 | Cross-Impact Analysis

The respondents were asked to assess a priori probabilities of a set of trends selected on the basis of

the first questionnaire (Figure 11). A vast majority of the presented trends were in favour of increasing

eco-innovation in the construction sector, so generally speaking the respondent group considered them

very probable or quite probable. Only two of the trend
highd and fATraining and knowledge regardathgasiuewali @adl
gained |l ess than 50 % of opinions in thHalfadtha egori es AfAv
opinions even fell into the categoryof 0 qui t € i mpr obabl ebhestmendsarérmt | att er tre
directly in favour of eco-innovation in the construction sector. Only two unfavourable trends were
considered as fvery probabled or fiquite probabledo with
a main strategy in the const r dnssucheasagangofther 0 and fit e
infrastructures challenges construction".
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The qualitative probability categories described above were transferred into numerical values for the
cross-impact analysis by using the following scale of probability between the values 0 and 1:

* Very improbable: 0.1

¢ Quite improbable: 0.35
« Difficult to say: 0.5

¢ Quite probable: 0.65

¢ Very probable: 0.9

Nine of the 24 trends were selected for the cross-impact analysis; this choice was determined by the
maximum size allowed in a matrix-type of question on SurveyMonkey.com. The following nine trends
were selected for the cross-impact matrix (Table 4):

Table 4 | Trends of the cross-impact analysis and their a priori probabilities

Number Average
of trend | Trend description apriori
probability
1 Resource constraints become more urgent 0.7697
2 Ageing of society and demographic change increase the number of households 0.5644
3 Consumer demand for sustainable construction/buildings increases 0.6531
4 Building planners (architects, engineers, etc.) become more skilled in sustainable
construction 0.6164
5 Research and development activity in the construction sector increases 0.5727
6 Collaboration between research, experts and business in the construction sector
increases 0.5539
7 Risk aversion remains as a major attitude in the construction sector 0.6125
8 Eco-innovations will be increasingly implemented in the construction market 0.6955
9 Technological lock-ins such as ageing of the infrastructures challenges the
construction 0.6733

By using the selected trends and the scale presented above, the arithmetic averages for a priori
probabilities of the trends in the right hand column in Table 4 were used as input values of the cross-
impact analysis.
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In the survey, the respondents were asked to evaluate direct cross-impacts between different trends in

the 9x9 impact matrix by usingthescale-3é +3, f or each pair of trends separ e
the strength of impact between two trends, both directions were assessed separately. The average

(median) cross-impacts between different trends were the following (Table 5):

Table 5 | Medians of strengths of direct cross-impacts between trends of sustainable construction. A row

trend has an impact on a column trend.

Impact éon column trend:

of row

trengtrendl trend2 trend3 trend4 trend5 trend6 trend7 trend8 trend9
trend 1 0 0 1 1 2 1 0 2 1
trend 2 1 0 1 0 0 0 0 0 0
trend 3 0 0 0 2 2 1 -1 2 0
trend 4 0 0 1 0 1 1 0 2 0
trend 5 0 0 1 2 0 1 -1 2 0
trend 6 0 0 1 1 1 0 -1 2 0
trend 7 0 0 0 -1 0 0 0 -1 0
trend 8 -1 0 1 1 1 1 -1 0 0
trend 9 0 0 0 0 1 1 0 0 0

With the median impact strengths, the result of cross-impact analysis was highly determined by the
relatively high value of allaprioipr obabi I i ti es. All trendsassaemg@ept ARi sk
attitude in the construction sectoro (trend 7) were tr
of the cross-impact analysis. The results were not surprising, because almost all trends were in favour of

eco-innovation and their a priori probabilities were very similar, i.e. quite high. To conclude, the

respondents had in general an optimistic attitude to the future of sustainable construction and related

eco-innovations. A description of the methodology and algorithms used in the cross-impact analysis is

available in Annex Ill of this report.

1.2.2 | Trend impact analysis on material consumption baseline

The respondents were asked to identify potential events and contributing trends, which could have a

changing effect to a baseline trend of 1.1% annual increase in material consumption (measured as

domestic material consumption, DMC) in the construction sector (Figure 12). For each event and trend,

also timing, direction, strength and probability of the impact were asked. For timing, three categories

were given: during the next 5 years, after 10 years and after 20 years. For impact strength, a scale of

integers from -3 to +3 was given: negative values referring to a decreasing effect and positive values

referring to an increasing effect and the bigger the number, the stronger the impact. For probability, the
categories fAvery i mprobabled, Aquite i mprobableo, dAadif
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were offered. The categories were thus exactly the same as in the question on a priori probabilities for
the trends selected for the cross-impact analysis.

Figure 12 | Baseline trend of domestic material consumption (DMC) in the construction sector, 2000-

2030.

Domestic material consumption of non-ferrous
Millions of tonnes minerals in the European Union (27 countries)
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We have grouped the results, i.e. the events/trends described in the open questions into descriptive
categories by applying a commonly used STEEPV (social, technological, economic, environmental,
political, value-based) checklist in a modified format and taking into account the estimated timing and
decreasing/increasing impact of the corresponding events/trends. Table 6 summarises the results.
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Table 6 | Results from the trend impact analysis. All numbers refer to the number of events or trends

identified in the overall responses.

Type of Number of events/trends  Number of trends/events  Number of events/trends  Total
event/impact during the next 5 years after 10 years after 20 years
Decreasing Increasing Decreasing Increasing Decreasing Increasing
DMC DMC DMC DMC DMC DMC
Hazards 0 1 2 0 2 1 6
Economic, general 7 1 1 1 1 0 11
Economic, 1 0 4 0 1 1 7
regarding
construction
Political 4 0 2 1 0 2 9
Social, demographic 1 1 5 0 4 1 12
Value-based 1 1 3 1 1 0 7
Technological 4 0 3 1 4 0 12
Subtotal 18 4 20 4 13 5 64
Total 22 24 18 64

Table 6 shows that the respondents have suggested mainly events and trends which decrease material

consumption in the construction sector. 53 out of 64 suggestions equals to 83 % in this type of trend

i mpact. Only two out of 64 suggestion were considered
were considered as dAdifficult to sayo and 48 out of 64
probabflwer yoyrprobabl eo.

The events/trends distributed quite evenly to the three given time periods. In general, in the next 5 years
events/trends were related to the general economic situation, after 10 years the distribution was more
even with a slight weight in social and demographic issues which continues in the period after 20 years.
Technological issues were presented very evenly over all time periods.

Table 7 lists the most significant events/trends identified by the respondents, selection based on high
probability (Avery probabled or Aquite probabled) AND
construction sector (fAsignificantodo or Aradical 0 decrea
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Table 7 | The most significant events/trends and their impact on material consumption in the

construction sector

Event/trend description Type of Impact on Timing of the Probability
event/trend material impact of the
consumption event/trend
and its
impact
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2 | Pathways to the future

2.1 | Review of the recent construction related foresight studies

For this review, hundreds of reports and scientific articles, related to either sustainability or construction
regarding their title, were collected in order to have a comprehensive overview on the issues shaping the
future of sustainable construction. Article searches were carried out by Web of Science and Scopus.
Also reports by selected international organizations such as OECD, WEF (World Economic Forum) and
ECTP (European Construction Technology Platform) were included. Sources published from 2005
onwards were included in the observations. As foresight activities should always be connected to a
timeframe, sources without explicit timescale were excluded. Also sources including one scenario or
future path only were excluded, because future is not predetermined (de Jouvenel 1967).

Sustainable construction related foresight studies, i.e. visions, scenarios and roadmaps, vary immensely
in multiple ways, e.g. their thematic scope, geographical coverage, and timescale. In general, thematic
focus of foresight studies on sustainable construction can be grouped in two categories, namely
sustainable construction of buildings (old and new) and sustainable construction of infrastructures.
Geographical coverage of these foresight studies varied and studies were done in different levels, from
dwellings via specific areas within a country and countries, to continents (e.g. Europe) and the whole
world (Table 8). Timescales varied from seven days to five decades. Selected examples of foresight
studies related to sustainable construction are presented in Table 8.

Table 8 | Examples of foresight studies on sustainable construction

Year

2011

2010

2010

2010

2011

2010

Thematic Title Authors Geographic
focus coverage
Construction, Environmental Impact of Building-Related and User- Blom et al. A dwelling in
buildings Related Energy Consumption in Dwellings Denmark
Construction  Construction in year 2030: developing an Erdogab, B. World/
information technology vision etal. Europe
Construction, A model for Assessing Habitat Fragmentation Quintana et Peninsular
Infrastructure  Caused by New Infrastructures in Extensive al. Spain

Territories - Evaluation of the Impact of the Spanish
Strategic Infrastructure and Transport Plan

Construction, Green building energy scenarios for 2030 Adelaar, M. North
buildings etal. America
Construction, Germany's Path Towards Nearly Zero-Energy Schimschar, Germany
buildings Buildings - Enabling the Greenhouse Mitigation S. etal.

Potential in the Building Stock

Construction, Estimating the Benefits of Effectively and Morimoto, R. United
Proactively Maintaining Infrastructure with the

Time

scale

2020

2030

2020

2030

2020

2056
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Infrastructure Innovative Smart Infrastructure Sensor System Kingdom
2010 Construction, Influence of Regional Development Policies and Hixson et al. San Joaquin 2030
Infrastructure  Clean Technology Adaptation on Future Air Valley (SJV)
Pollution Exposure in central
California,
USA
2010 Construction, Policy Options Towards an Energy Efficient Uihlein & EU-27 2060
buildings Residential Building Stock in the EU-27 Eder countries
2010 Construction, Reduction of Greenhouse Gas Emissions from UK Taylor et al. Two hotels 2030
buildings Hotels in 2030 in UK
2009 Construction  Future Qualifications and Skills Needs in the Danish European 2020
Construction Sector Technological countries
Institute
2009 Construction Future Scenarios for the European Construction Goodier, C. United 2020
Industry et al. Kingdom -
2030
2008 Construction, Dynamic Eco-Efficiency Projections for Construction  Bohne etal.  Norway 2018
waste and Demolition Waste Recycling Strategies at the
treatment City Level
2008 Construction  Engineering and Construction Scenarios to 2020 WEF World 2020
2007 Construction  Strategic Roadmaps and Implementation Actions for Kaziet al. European 2030
ICT in Construction countries
2007 Construction, Infrastructure to 2030. Volume 2. Mapping Policy for OECD World 2030
Infrastructure  Electricity, Water and Transport.
2005 Construction Challenging and Changing Europe's Built ECTP European 2030
Environment. A Vision for a Sustainable and countries
Competitive Construction Sector by 2030
Note: See the list of references for bibliographical information and webpage addresses of the foresight
studies included in the table.
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2.2 | Elements of sustainable construction scenarios

Scenarios for sustainable construction were constructed in a multi-phased process which involved
combining data from various information sources. Used data include the results of the Delphi
questionnaires, the data collected in the literary review and the inputs of the workshop on sustainable
construction.

The first drafts of the scenarios were constructed on the basis of the first Delphi round. The idea was to
identify different development paths from the views of the experts. The idea of making scenarios is to
help in clarifying the images of possible futures. In order to be useful, the scenarios need to cover
essential elements concerning the topic, in this case sustainable construction, and then allow different
values for those elements. In this way a limited number of scenarios that cover the range of possible
future states can be constructed. In the EIO, the choice of the most important elements was made when
the first questionnaire was planned.

After the results from the first survey were ready, the FFRC team organised two internal scenario

workshops where the results were broken down to four preliminary scenario drafts. Starting point for

buil ding the scenarios were those el ements where the
other. The elements of four distinctive scenarios were collected to a table format (Table 9).

Table 9 collects basic elements of four scenarios on sustainable construction in 2030. Elements of Table
9 are organised following the themes of the first survey: society, eco-innovation in the construction
sector, barriers of sustainable construction and drivers of sustainable construction.

The elements described as titles in the left column of Table 9 present a variety of issues selected on the

basis of two criteria. First, according to the views of the experts, the importance of the issue has an

increasing trend in the future. Second, the respondent views are dispersed on the issue, i.e. there is a

large standard deviation. Issues that in the responses had a diminishing importance were omitted.

Issues which the experts largely agreed upon and thought to be important in the future were also
identified and shar ed swiathe naelnlt ssoc e(nsaeable ®)shteaglalvtivei oxne do f
descriptions regarding the scenario elements are constructed by the FFRC team, based on responses to

the first questionnaire, issues identified in the literature, and last but not least, the internal FFRC

workshops, which were necessary because the survey was relatively narrow from the scenario point of

view.
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Table 9 | Basic elements of the scenarios for sustainable construction, target year 2030

VARIABLE/
SCENARIO

Title of the
scenario

SOCIETY

Central values in
the society

Central actors
driving the
change (outside
construction
sector)

NnRENAI SSA
OF
TRADITIONAL
BUILDING
TECHNI QUE

Tradition, local
culture,
ecological living,
self-sufficiency

Civil society,
NGOs

nl CT

SUSTAI NABI NEW

e-services widely
adopted,
virtualisation,

NGl ocal i s
related systemic
changes

ICT industries,
software
developers (service
designers)

ECO-INNOVATION IN THE CONSTRUCTION SECTOR

Eco-innovation /
inspiration source

Building materials

Traditions, good
practices,
simplicity, life-
cycle durability

Building from
wood increases
considerably.
Also other natural

Development in
ICT related to
construction sector:
new ways to utilise
information

technologies, (deep

renovation,
simultaneous
embedding of
monitoring &
metering, virtual

spaces).

Traditional

materials used but
more efficiently, the
use of renewable

TECHNOL OG|

Science and
technology
optimism

Eco-industries,
developers of
advanced
technology in
especially bio- and
nanotechnology

Increased
understanding of
natural systems
and processes
(and imitating them
in many fields of
industry), new
innovations in
nanotechnology.

New materials with
new properties.
Use of new small-
scale materials

EIO Report: Foresight 2010

I MPRCAPARADE OIARREGULATE

SUSTAINABILITY

Control of the
market in order to
secure sustainable
pollution levels
and preservation
of scarce natural
resources

Decision makers
(politicians, state
administration)

Achieving
environmental
targets is the
driving force,
political process
thought to be the
best tool for this
task.

Each area in the
EU aims to use

locally available
sustainable
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Recycling and
urban mining

Relation of new
buildings to
societal energy
infrastructure

and renewable
materials (such
as straw) are
used.

Construction is
based on
renewable
materials and
some recycled
materials (such
as reuse of
concrete from old
buildings that are
dismantled).
Urban mining is
not a relevant
issue connected
to construction,
for traditional
materials have
gained stronger
position, reducing
the need for
items that can be
recovered
through urban
mining such as
rare metals.

New buildings
mostly located in
new, previously
undeveloped
areas. These

materials has
increased.

Recycling and
urban mining highly
developed because
of the need to
recover rare earth
metals (due to the
fact that more
technology is
present in the
existing buildings
and
infrastructures).

All buildings an
integral part of the
system,
sustainability is
achieved through

Wrnovafion
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(possibly combined
with some
traditional material,
e.g. nano
concrete) that
emerges from the
development of
technologies in the
fields of bio- and
nanotechnology.
Variety of materials
used, emphasis
being on
sustainable use of
all materials.

Recycling highly
developed: closed
loops in society
(system level)
through highly
developed
material-related
information
management

syst em; shii |
is your ti|

Buildings not only
an integral part of
energy
infrastructure, but
also of the

materials as much
as possible. Also
traditional building
materials (such as
steel and
concrete) are also
used, but the
environmental
impacts of their
use are followed
rigorously.

Recycling a
standard
procedure in
industry, urban
mining practised
where it is safe
and economical.

All buildings
connected to an
European-wide
integrated energy
system
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Construction of
new 0-emission
buildings (here O-
emissions refers
to 0-emissions in
greenhouse
gases)

Construction of
new 0-energy
buildings (here 0-
energy building
means a house
or an area that
produces as
much energy
than as it uses
within a year)

areas form self-
sufficient energy
systems,

Ai sl andsad
separate from the
larger energy
networks

Areas
independent of
the larger energy
infrastructure
have 0-emissions
on the area level.
Elsewhere
emissions are cut
through buildings
with passive
methods for
heating and
cooling becoming
more common.
Emissions
produced by the
building industry
will be diminished
also through
environmentally
friendly building
materials.

Few /some. Most
0-energy houses
are located in
previously
undeveloped or
rural areas where
possibilities to
use various
renewable energy
sources are
favourable.

low emissions and
by the usage of

advanced metering

& monitoring

techniques, i s ma
systems &

All new buildings
are very energy
efficient and low-
emission buildings,
some of new and
refurbished old
buildings are 0-
emission buildings.

Few/some.
Improved energy
efficiency is
achieved through
improved
monitoring and
control of energy
use of buildings
and improved use
of small scale
energy production
solutions.

Wrnovafion

@. ‘,:(l‘.l sery rj‘:trwy

material-related
information
management
system in the
society in general.
E.g. buildings may
use the waste of
an industry as an
energy resource.

Many buildings are
0-emission
buildings. Many
new energy
production
technologies
relying mainly on
solar power are
used. In this
scenario the status
of a single building
is not very relevant
since the view is
on minimising the
overall ecological
burden of the
whole society.

May not be
relevant if new
energy production
technologies
provide
inexpensive and
clean energy. In
any case 0-energy
buildings may be
built where
surroundings and
natural processes
permit it.

All new large
buildings (e.g.
offices, apartment
blocks and
warehouses) are
0-emission
buildings. Solar
energy, ground
source heat
pumps and
various other
forms of
renewable energy
are a standard
feature in new
buildings.

All new large
buildings (e.g.
offices, apartment
blocks and
warehouses) 0-
energy buildings.
With old and
smaller new
buildings, the laws
require some
share of energy to
be produced on
site.
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Relationship
between
renovating old
and building new

Aim is always to
renovate old
when
appropriate.
Development
both in renovation
and building new,
emphasis on
using natural
materials and
different methods
to produce
energy on site in
both.

Concentration on
renovating old
buildings and
infrastructures.
Replacing physical
buildings and
infrastructures with
virtual substitutes
wherever possible.
Relatively few new
buildings
constructed.

BARRIERS OF SUSTAINABLE CONSTRUCTION

Scarcity of
materials for
energy and
resource-efficient
technologies &
building materials
expensive

System qualities
(e.g. path
dependency,
conservativeness
of the
construction
industry)

Some natural
materials for
traditional
building may be
utilised too
intensively, which
will lead to
unexpected
scarcities and
high prices.

Out-dated
legislation and
local building
codes hinder the
use of some
traditional
building
technologies and
materials. Actors

Major barrier is the
lack of skilled
software
developers who are
able use their
knowledge in a way
that is relevant for
the building
industry. Scarcity
and resulting steep
prices of good
quality building
materials and
components of
technologies used
in building
monitoring
instruments also
have an effect.

Building industry
lags behind in
development.
Monitoring
equipment is
considered too
difficult to design
and too expensive
to install. New

Wrnovafion
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Concentration
mostly on building
new, emphasis on
new technologies
that allow new
buildings to have
very different
qualities than
today (such as
buildings
constructed with
nanomaterials that
can fix impending
structural flaws by
themselves)

Major barrier is
scarcity of ideas
and the building

i ndustrybo:
take advantage of
the new
discoveries. With
the growing use of
nanomaterials in
all industries, there
also might be
some scarcity for
nanoparticles
needed in
production of these
materials.

Building engineers
and building
companies often
lack the latest
relevant
information
concerning the
possibilities that
new discoveries in

Restructuring of
building stock.
Buildings are
evaluated
according to their
life-cycle
sustainability. The
least sustainable
buildings are
demolished and
new 0-energy
buildings are built
instead if
necessary.

Possible scarcity
of good quality
materials together
with strict energy-
and emission
standards will in
some cases
produce poor
quality
construction. This
might lead to
relaxing some of
the standards.

Too detailed
restrictions on
different items
within the
sustainable
construction
sector might
cause
inefficiencies for
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within the
construction
industry are
somewhat
reluctant to
change the
production logic
to fit the new
demands of the
market.

virtual spaces (that,
to some extent,
replace the need
for physical
spaces) are
designed by actors
outside the building
industry.

DRIVERS OF SUSTAINABLE CONSTRUCTION

Construction
materials tax

Subsidies and
programmes for
sustainable
construction

Scarcity of
materials for
energy and
resource-efficient

Some effect on
sustainability, but
not decisive since
the change is
brought mainly by
changes in
values of the
customers.
Materials tax
guides the use of
materials towards
renewable natural
materials.

Some effect,
which further
encourages
people to build in
sustainable
fashion.

Some effect,
scarcity and
prices of
traditional
building materials

Little effect since
the number of new
buildings is
relatively low.

Possibly big effect
if the subsidies and
programmes are
aimed for designing
on how to use ICT
more effectively in
buildings (both
physical and
virtual).

Possibly a big
effect as a
contributing factor
to mushrooming of
ideas that support

Wrnovafion

@. ‘,:(l‘.l sery rj‘:trwy

science might
bring to the
building industry.

Some effect in
guiding resource
use towards
sustainability. The
development and
the market price of
using new
technologies,
however, is the
decisive factor
behind the choice
of solutions.

Possibly big effect
if the subsidies and
programmes are
aimed for
designing on how
to use discoveries
in nano- and bio-
branches within
building industry.

Some effect,
scarcity of
traditional
materials works as
a cause for

the system as a
whole. If the
system does not
reward builders for
innovations that
support
sustainable
building,
diminished
incentives for
creating new
innovations will
lead to fading
innovation
capacity.

Decisive effect in
guiding resource
use towards
sustainability.

Decisive effect in
promoting new
innovations.

Some effect,
scarcities in
traditional building
materials will be
reflected mostly in
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technologies direct societies to | virtual solutions for | developing new the R&D funding.
utilise local physical buildings. materials and Research and
traditional processes which development of
materials and are discovered and = new materials and
build durable developed to technologies
solutions. replace old ones in ' replacing the ones
production. using scarce
resources are
encouraged.
FIXED Aging of society and demographic change (affecting the markets through lowered

STATEMENTS demand for new buildings and qualities of the new buildings built)

Resource constraints (affecting the use and price development of traditional
building materials)

Climate change (affecting above all policy formulation)

Value system changes influencing demand from customers (towards more
sustainable actions)

Technological lock-ins including aging infrastructures (hindering the pace of change
in the industry)

2.3 | Four scenarios on sustainable construction

On the basis of Table 9 above, the FFRC team has drafted a storyline for each of the scenarios. Some
general notes concern all the following four scenarios:

The idea of the scenario text is to explain the development that has led to the end state in 2030
described in the table in more detail

All scenarios are target-based scenarios: sustainable construction is a common target
Scenarios are written from the perspective of the construction industry (including SMESs)

Implications of the depicted developments to other businesses or sectors of the society are not
considered.

231|ARenai ssance of traditional techniqueso

The major transformations from the c¢onssduseotnaturalbn i ndust
locally available building materials and the diminished share of large building projects operated by large

construction companies. Also, increased self-sufficiency in energy production of buildings is a distinctive

feature for this scenario.
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In the 2010s citizens in many European countries had for a long time been somewhat dissatisfied with
the kind of housing that the big construction companies produced. Customers felt that construction
companies made decisions on where, what and how to build based solely on profitability. People
wanting to buy a home were looking for homes that would better correspond to their needs and values.
The differences between the views of the industry and the wants of the customers were greatest
regarding the eco-friendliness and flexibility of buildings. Also, the price of apartments constructed by big
construction companies was generally considered to be very high.

In response to the fact that the market failed to supply citizens with the kind of housing they desired, in
the latter part of the 2010s, private citizens started to build more and more by themselves. They built
single-family homes on their own or constructed larger buildings by forming co-operatives that bid for
building sites and built the houses. Building small apartment buildings and townhouses by cohousing
communities became especially popular. Co-operative building allows people to influence the design,
building materials and operating of their living spaces much more than previously dominant ways of
operating within the building sector (professionals from the building sector are naturally hired where
needed). Some recurrent features of these DIY-projects are the use of natural building materials
(especially wood; also, recycled materials are used), energy systems that produce the majority of the
buil di ngés he a tsitesoldr ereigye shallow/ideep gegtheomal energy, etc.) and, in larger
units, different kinds of shared spaces (such as laundry rooms).

Most of the privately and co-operatively built buildings rely on innovations that derive inspiration from
nature or from traditional ways of building. Often, these are simple solutions that do not require complex
technologies, such as different ways of using passive heating and cooling and gravitational ventilation
systems. The benefit from the sustainability point of view is that these systems do not require any
external energy and are not very prone to effects of power or structural failures. Construction companies
also gradually learned to see the benefits in the decreased amount of reparation costs of these passive
methods and started to use them in their building projects.

One major accelerating factor in the development of co-operative building was that, in many countries,
forming housing co-operatives became easier through improvements in virtual marketplaces and
databases where people seeking to form a co-operative are brought together with those in need of
construction services and bodies that produce solutions. Also, interest towards alternative natural
building materials and the use of renewable energy sources in small scale buildings increased
knowledge of the qualities and different possible uses of these materials and solutions in construction.

These changes attitndeschave heenmestlysvisible in the apartment market. In commercial
construction, the effects of the value change are much more subtle. The use of wood and other natural
materials in commercial buildings has become increasingly common, and different kinds of methods of
dispersed energy production have become a standard feature in practically all larger buildings where the
use of some locally available energy source is possible. Also, various uses of passive energy
conservation solutions in commercial buildings are common.

When the transformation gradually began in the mid-2010s, there were some factors that initially

hindered the development. For instance, in some countries building of high (more than 3 storeys)

wooden buildings or building from wood in densely built areas in cities was prohibited. Also, some

problems concerning the materialsd suitability to requ
effects of possible leaks of water lines or drains) became apparent. In some cases, the city planning

authorities were somewhat reluctant to accept plans for houses that differed from the customary
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shoebox design of a building. These problems, however, were solved in a couple of years once they
were identified.

By 2030, already more than half of new residential buildings are built by actors other than big
construction companies. The environmental burden of new buildings in 2030 is much lower than some
decades ago.

232|Al @dTi ven sustainabilityo

New virtual spaces and sophisticated virtual services diminish the need for new buildings, especially in
the commercial building sector. In new buildings that are built, different kind of metering and monitoring
devices have improved the ability of buildings to react to changing circumstances. Buildings can react to
changes in the environment and demand for energy, thus lowering their energy consumption
considerably (especially in heating and cooling).

By 2030, Europe has witnessed big changes concerning the way everyday life is being carried out. The
virtualisation of spaces and services has been the biggest change during the past couple of decades.
One major impact on developing virtual spaces to replace physical spaces was the rapid increase in the
prices of transportation fuels experienced in the mid-2010s, which made travelling 8 both commuting
and aviation 8 much more expensive than before. The most important factor enabling the development
of ICT-supporting sustainability was the changed orientation of the ICT industry. After designing
hardware for decades, in the beginning of the new millennium, the focus of the technological industry
started gradually to shift towards software development. By 2030, this development has greatly
increased the quantity, quality and, consequently, different uses of innovations of information
technology. Emphasis has especially been placed on making more and more systems work seamlessly
together. One i mportant result of this development fro
improved and more efficient monitoring and control of both small (for example, one building) and large
(for example, the load of the grid) systems.

In the 2020s, before the elements supporting virtual business were in place, the concentration in the
construction sector was on improved metering and monitoring of buildings. This was done to achieve
better energy economy and to make buildings safer with regards to both preventing damages from faulty
structures as well as access control systems. Conservation of energy and recovery of used energy
(mostly heat) has lowered the energy consumption of buildings considerably. Population ageing has
increased the demand for innovations that make buildings safer and automatically monitor the functions
of the house, especially in residential buildings.

By 2030, increased virtualisation has influenced the way business is conducted. Developed virtual

spaces that create the experience of being in the same space (whose qualities can be altered) with

other people & although physically being far apart from them & have especially reduced the need for

new office and retail buildings. Improved methods of e-presence have decreased the need for travelling.

In 2030 roughly half of the workforce works from home (or in some other location apart from a physical

workplace). People also do a large share of their shopping in virtual shopping centres. From the
construction industrydés perspective, virtualisation an
(along with decreased demand for some building types) increased demand in the technological

preparedness of the industry to design structures and solutions that meet the technological needs of

customers.
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The most important hindrance in the described development has been fragmented software architecture
inherited from previous decades, which made developing solutions that combine elements from many
previously separate functions very difficult. As the significance of this problem was identified in late
2010s, many major players within the software industry saw that it was in their own interest to start
designing programs that are as versatile as possible and that the best way to achieve this would be to
implement open-source ways of operating in many areas of software development. This choice had a
major influence on the improved compatibility of different kinds of software systems in coming decades.
Another factor that slowed the development was the lack of skilled engineers and programmers capable
of understanding linkages between many various issues controlled by new multi-tasking software
systems. This problem was soon identified and was solved with education and new apprenticeship
contracts between schools and software companies. Also, layouts of traditional European software
companies (that moved a great dea | of their operations to Asia) in | ate
designing new software architecture.

233|AParade of new technologieso

Breakthroughs in the natural sciences have greatly increased the understanding and possible uses of

innovat i ons concerning nanotechnol ogy and biotechnol ogy.
perspective, the biggest changes have been witnessed in new qualities of building materials and in

different methods of energy collection and transformation. Increased knowledge of natural processes

has also influenced material flows between different sectors in society.

In the 2010s, knowledge of natural processes and the long research tradition in alternative energy
sources led to the development of products for the use in the construction industry. The first steps were
taken in incorporating new energy production technology in buildings. By 2020, more effective
transparent solar panels became a standard feature of building facades and roofs.

In the 2020s, advancements in nanotechnology and biotechnology started to emerge as products for
larger use within the construction industry. New materials provided the industry with much more
versatile, stronger and durable materials than before, while being resource efficient and affordable.
These technological breakthroughs redefined the boundaries of what it is possible to build. New
buildings are much lighter, are often built taller than before and often form structures that seem to defy
gravity. Features of new materials, such as the ability to monitor their surroundings (for instance, for
possible damages in the water or electricity lines of the building) and fix impending structural flaws by
themselves, have lowered the life-cycle costs of building maintenance.

Along with development in materials, the increased understanding of natural processes has greatly

benefited the use of renewable energy. For example, better knowledge of the process of photosynthesis

has been used in energy producti onxpilnoitthien g2 Ot2hOed ss utnod sp re
that are much more effective than traditional silicone-based PV panels. This development has largely

solved the problem of sufficient supply of sustainable energy of buildings by 2030. As a consequence,

the energy efficiency of buildings is no longer an important issue, and emphasis has shifted to how to

incorporate new technologies in buildings.

Imitating natural processes and learning from them has also had large effects on recycling. Just as in
nature, where the waste produced by a certain species of plant is used as building material in another
process, societies of the2030s, circulate material circulates in loops. No material is driven to rubbish
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dumps, all residual production outputs of industries are used as inputs in some other industry. This also
involves the construction industry. The industry uses materials from different sectors and produces
important inputs for others. Within the industry, this development means the new use of demolished
buildings in constructing new ones.

In the course of the development process there were some hindrances. There were reported cases that
large energy companies holding massive reserves of fossil fuels tried to hinder the development of
renewable energy sources. Luckily, information about the most important innovations that the big
industry tried to suppress was leaked to the public by researchers. Fears of possible negative effects of
nanopatrticles slowed the development of nhanoproducts, but as the research in this area was able to
gain better understanding of the possible risks and found ways to avert the threats, the innovations
started to soar.

2.3.4 | ARegulated sustainability

Heavy reliance on imported energy sources and other essential materials whose prices are in constant
increase, natural disasters and threat of millions of climate refugees to the EU from countries that would
suffer from the effects of climate change, among other things, elevated the importance of sustainability
and made climate change the most important issue on the EU agenda in the early 2020s. Since the
changes necessary for sustainability were considered to be very large and the time available for their
implementation was limited, the EU opted for tight market regulation.

After the shock waves of the financial crises of the first decades of the new millennium had settled, the
concentration of the political debate was again targeted to issues of sustainability. Both foreseeable
resource constraints of several essential materials and a need for the EU to avoid the harmful aspects of
climate change were important factors behind this newly arisen interest towards sustainability. The
discussion on the measures and the scale of the needed actions to ensure a sustainable future lasted
almost throughout the 2010s. This prolonged debate meant that by the 2020s the effects of both
resource constraints and climate change had escalated from threats to real problems. As the issue of
sustainability was considered to be of paramount importance to the development of the EU, and since
the ability of the market process to yield sustainable results came under question (especially after the
turmoil of several financial crises in the first two decades of the millennium), the EU-countries decided to
impose strong control on the sectors that had a substantial effect on sustainability. This new regulation
system was partially made possible by the numerous research and development projects the EU had
been investing in during previous decades. The accumulated knowledge concerning ways to measure
sustainability and construct eco-friendly buildings was then put to use.

The construction sector was chosen to be one of the most tightly regulated sectors (other similarly
treated sectors being energy and transport). The choice of construction to be one of the sectors to face
tight regulation was made not only because of its relative significance, but also because the effects of
the decisions concerning construction have long-standing effects. Another contributing factor was the
fact that the construction industry is somewhat unique in the sense that its production cannot be simply
moved away from the EU area if production costs increase. The construction business naturally
protested the increased regulation, but in the end was forced to adopt the new legislation.

In the new system, buildings are given strict sustainability regulations measured in life-cycle
sustainability. The most important elements of this analysis are the energy consumption of buildings as
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well as the sustainability of material inputs both before the building is erected and after it is demolished.
This new regulation is strictest concerning new buildings, but older buildings are also assessed. Those
old buildings (apart from culturally important buildings) that fail the test of sustainability are either
repaired or demolished.

At first, the tight regulation caused big problems for the building industry, as it had to change its logic
almost overnight, from producing buildings as economically as possible to producing buildings that
function as sustainably as possible. Regulation also resulted in increased costs of ownership and
maintenance for all property owners; this resulted in big reductions in the prices of most old buildings.
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3 | Roadmap to Sustainable City in Europe
2030

On27"of October 2011, a workshop on ARoadmap to a
arranged in Brussels at Technopolis Group offices on 27" of October 2011. Invited

participants included aut hor s -efffcient drstru@dénOThE he mat i c
roleofeco-i nnovationd, representatives from the Europe
(ECTP) and from Architects Council of Europe (ACE), the EIO consortium and from the

European Commission. The following participants were available in the workshop:

¢ Corinne Hermant-de Callatay (EC, DG for Regional Policy)

e Luc Bourdeau (ECTP)

¢ Holger Wallbaum (ETH Zdrich)

eMeghan O6Brien (Wuppertal Il nstitute)
» Michal Miedzinski (Technopolis Group)

¢ Jarmo Vehmas (FFRC)

¢ Anne Karjalainen (FFRC)

The agenda of the workshop (see Annex V) included three sessions which dealt with (1) Vision of a
sustainable city from the construction perspective, (2) Policy options at EU and Member State level for
reaching the Vision of a sustainable city, and (3) Policy roadmap towards a sustainable city in Europe. A
short descriptive text based on literature on sustainable cities was attached to the invitation (see Annex
V). The idea was to bring out relevant elements for a policy roadmap, such as provided by the EC for
resource efficient Europe (EC 2011).

In practice, first elements of a fAsustainable cityo we
After that, the participants identified technologies and other issues relevant for the needs of a

isustai mablaemdcipt mced them into a timeframe at a suitab
corresponding policy alternatives and placed them in a timeframe, and finally identified relevant issues

such as barriers and necessary things to take into account in relation to the technologies and policies.

These elements altogether formulate the EIO roadmap to a sustainable city from the construction

perspective.

The vision of a sustainable city will takeeaoito accoun
tomorrow: Challenges, visions, ways forwardo by the EC
2011). The main points are the following:

The role of cities is crucial in the sustainable development of Europe
¢ Europe is an urbanised continent

» Cities are centres of economy, services, connectivity, creativity and innovation
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* The administrative city boundaries do not limit the effects of urbanisation

» There is a shared vision of a city of tomorrow in terms of values, objectives and aims which can
described as a sustainable city

» Cities play a central role in territorial development.
The social dimension of sustainable development is threatened in cities:

¢ Demographic change: Number of working people is decreasing and the number of non-working
people is increasing

e Economic growth is not self-evident

¢ Link between economic growth and employment is weakening

¢ Income disparities are growing

¢ Social polarisation and segregation increase

¢ Urban sprawl continues.
Threats can be turned into challenges:

¢ Sustainable, resilient and inclusive local economies can be developed

» Potentials of socio-economic, cultural, generational and ethnic diversity can be utilised

¢ Better housing is needed

» Holistic approach to environmental and energy issues is needed.
Responding the challenges requires new forms of governance which includes:

» A holistic model of sustainable urban development which (i) matches place- and people-based
approaches, (ii) combines formal and informal governance structures, (iii) builds shared visions
reconciling competing objectives and conflicting development models, and (iv) cooperates to ensure
coherent spatial development and efficient use of resources

» Adaptation to evolving circumstances

» Work across sectors avoiding mono-sectoral visions
¢ Horizontal and vertical coordination

* New governance models and participatory practices
e Social innovations

» Foresight activities as a management tool.

This input puts a heavy emphasis on the social dimension of sustainable development and mentions
social innovations explicitly but not eco-innovations at all. In the workshop, eco-innovation was the focus
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and this was the reason for taking the environmental dimension of sustainable development into major
consideration.

Recently, the EC has provided a roadmap to resource efficient Europe (EC 2011). It includes a large set
or areas where contributions to improve resource efficiency are needed. One of these areas is

fimproving buildingsd . Thi s is an i mportant area because it relat
energy and water consumption and greenhouse gas emissions. In the following box, the part of the EC
roadmap under the paragraph on Al mproving buildingso i

Improving buildings (from EC 2011)

Better construction and use of buildings in the EU would influence 42% of our final energy consumption,
about 35% of our greenhouse gas emissions (COM(2007) 860 final) and more than 50% of all extracted
materials; it could also help us save up to 30% water (COM(2007) 414 final). Existing policies for
promoting energy efficiency and renewable energy use in buildings therefore need to be further
strengthened and complemented with policies for resource efficiency, which look at a wider range of
environmental impacts across the life-cycle of buildings and infrastructure. Life-time costs of buildings
should increasingly be considered rather than just the initial costs, including construction and demolition
waste. Better infrastructure planning is a prerequisite in achieving resource efficiency of buildings and
also mobility. Significant improvements in resource and energy use during the life-cycle i with improved
sustainable materials, higher waste recycling, and improved design i will contribute to a competitive
construction sector and the development of a resource efficient building stock. This requires the active
engagement of the whole value chain in the construction sector. Specific policies are needed to
stimulate SMEs, which make up the vast majority of construction companies i to train and invest in
resource efficient building methods and practices.

Milestone: By 2020 the renovation and construction of buildings and infrastructure will be made
to high resource efficiency levels. The Life-cycle approach will be widely applied; all new
buildings will be nearly zero-energy (Directive 2010/31/EU) and highly material efficient and
policies for renovating the existing building stock will be in place so that it is cost-efficiently
refurbished at a rate of 2% per year. 70% of non-hazardous construction and demolition waste
will be recycled (in line with Art 11 of Directive 2008/98/EC).

The Commission, with Member States, will:

Assess how to support skills investment plans, apprentice schemes and communication on the best
resource efficiency practices in the industry (continuous);

Take measures, using an 'SME test' where appropriate, to stimulate demand and uptake of resource

efficient building practices through life-cycle costing and suitable financing arrangements; to further

widen the scope of the Eurocodes to design criteria related to sustainability; to develop incentives to

reward resource efficient buildings, and to promote the sustainable use of wood in construction,

(Communication on the sustainable competitiveness of the construction sector, 2011, Communication on
sustainablebuildi ngs, 2013); A Asses how best to encourage pri
(continuous). o0

Table10i ncl udes the EI O roadmap to ASustainable Cityo whi
day workshop, i.e. relevant technologies and sub-targets needed to reach the target of a sustainable
city, the suggested policy options promoting the needed technologies and other issues, and all related
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comments. Table 10 is not comprehensive, because it includes only the output of the workshop only. In
practice, technologies and other elements of a sustainable city, related policies and comments were
written on post-it stickers and placed by the participants onto a paper including the timeframe from now
up to 2020, 2030 and 2050 and six (territorial) levels (global, EU, national, regional, local, and building).
The result, especially the division between the time periods and territorial levels is an interpretation of
the authors of this report, and does not reflect the opinion of all workshop participants.

The EIO roadmap has been only one of the many targets in the series of EIO foresight activities, so it is
not very detail ed. However, it reflects thwcefdi mproving
efficient Europe and brings out elements from the two rounds of EIO Delphi activity.
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Table 10 | Roadmap to a sustainable cit

Now-2020
Technologies Policies Comments
/
targets
Sustainable Performance-  Acceptance
local mobility based of regulation
standards; and norms
resource/ener .
. Life cycle cost
gy efficiency
- . (Lco)
quotas/obligati
L decreases but
ons; political
Investment
awareness
L costs and
raising; .
participatary rents will
planning: increase;
' availability of
regulate .
" materials?
retrofitting
(legislative
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City gardens;
green roofs;
rainwater use

Energy
efficient
buildings; heat
recovery;
smart
metering/monit
oring; very thin
insulation for
retrofitting;
adaptive
buildings;

gap); smart
targets; tax
incentives on
purchasing
resource
efficient
technologies

City planning;
awareness
raising on city
metabolism;
transparent
and truly
participatory
planning;
performance-
driven building
codes; multi-
functional
building
envelopes;
public
procurement;
city level
rating/assess
ment;

Eases
sustainable
choices of
citizens;
participatory
approach
does not
guarantee
sustainable
regional/city
plans

Electricity
demand will
constantly
increase; life-
cycle of the
metering/

monitoring
devices

omno fion
servo ory
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automation
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concrete concrete
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4 | Main findings and key messages

1. According to the EIO Delphi on sustainable construction, experts considered climate change as the
most significant grand challenge to the construction sector. This highlights the need to reduce
greenhouse gas emissions and energy use in a resource-effective way for the majority of the building
stock, including both new and existing buildings and infrastructures.

2. Renovation of old buildings will have the largest impact on sustainability in the construction sector in
2030. High impacts will be achieved by 0-energy and zero-CO, buildings, increasing material efficiency
in both old and new buildings, as well as responsible material stewardships. In 2020, the most
substantial impact will come from improvements in energy efficiency of buildings.

3. For increasing sustainability in the construction sector, relevance of the drivers is expected to rise
while the relevance of barriers is expected to decrease significantly. In 2030, top five drivers include
building regulations and standards, training/knowledge of building planners, high awareness of
building/home owners, high R&D activity, and innovative technology in the construction sector. Top
three barriers in 2030 include lack of knowledge/training, low R&D activity, and risk aversion in the
construction sector.

4. A majority of all events/trends affecting the baseline trend of material consumption in the construction
sector will decrease material consumption. However, according to the Delphi results, the most significant
trends can have both decreasing and increasing impacts. Material consumption in the construction
sector may increase e.g. after disasters due to natural hazards and armed conflicts, and because of
forced migration. Decrease may be caused by e.g. improvements in material recycling and reuse,
replacing concrete with other (new) materials, and economic crises. In general, the respondents
presented more economic events/trends in the short term, and others more frequently in the long term.
Technology-related trends/events were distributed quite evenly over time.

5. From the EIO Delphi results, different paths to the resource efficient and sustainable construction
sector in 2030 were formulated. The four sustainable construction paths include traditional techniques,
information and communication technologies, new construction technologies and strong regulation.

6,El O roadmap to fisustainable cityodo consists of a set o
consumption/efficiency, supporting construction and other technologies, and policy options. Policy

options can be found both in the supply and demand side, but in the framework of competition and free

trade the policies might be easier on the demand side of construction if regulation and other traditional

environmental policy instruments are considered. Essential policies include awareness raising and

participatory regional/urban/city planning, and also new technological and social eco-innovations and

regulaton. The EI O roadmap is in |Iine with the sector @Aimprov
resource efficient Europe (EC 2011).
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Annex | | The first EIO Delphi questionnaire
on sustainable construction

ecoinnovation
observatory

Eco-Innovation Observatory: Sustainable Construction Delphi 2010

The Eco-lnnovation Observatory (EIQ) is a three-year initiative financed by the European Commission, DG Environment. It is one of
the leading European-level knowledge sources on environmental innovation for businesses and policy makers. The project is run by
a consortium comprising the Technopolis Group (coordinator), Wuppertal Institute (Germany), Sustainable Europe Research
Institute (Austria), University of Turku/Finland Futures Research Centre, and C-Tech Innaovation (UK).

The main purpose of the Observatory is to gather and analyse data and information on eco-innovations, with a specific focus on
innovation that improves resource efficiency. The project undertakes both historical and prospective analysis in order to provide a
comprehensive overview of eco-innovation trends and related drivers and barriers across EU-27 and in selected sectors. Main
deliverables include an annual report on the state of eco-innovation in the European Union, thematic repors including a report on
resource-efficient construction (to be published in January 2011), an eco-innovation database and an informative and interactive
website.

The purpose of this Questionnaire is to gather expert opinions on the future of eco-innovations in the construction field. The results
will be used to build scenarios of the future, which will be reported back to you in a follow-up guestionnaire. The second
questionnaire shall focus on the impacts of the scenarios and will be launched in 2011,

The results of both surveys will be used in prospective analysis and published as a part of major EIQ publications, which will be
available on the EIO website (hitp:/fww eco-innovation.eu).

The questionnaires are anonymous, and do not include any personal questions. Answering this guestionnaire will likely take about
15 minutes of your time. Please respond no later than 15th of February 2011.

N Respondent information

1) I represent

~ Small company from construction sector (less than 50 employeeas)

~1 Small company from sector other than construction (less than 50 employees)
() Medium-sized company from construction sector (50-250 employees)

) Medium-sized company from sector other than construction (50-250 employees)
7 Big company from construction sector {more than 250 employees)

() Big company from sectar other than construction (more than 250 employees)
Research organisation or university

“) Public administration

Consulting company

(7)) Financial sector

©) NGO

) other

2) My organisation is from..

-- SELECT -- []
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3) How would you describe your role in your organisation?

(") Top management
() Middle management
() Expert / Analyst

) Other

4) Which of the following job titles describes you best?

() Civil engineer

(") Material enginear
") Urban planner
() Architect

() Designer

") Policy maker

) Developer

) Other

ecoinnovafion
: observatory

| Grand challenges of sustainable construction

In your opinion, which of the following grand challenges and trends will have the most impact on the construction sector?
Pleaze azzezs the impact of each chalenge on the construction sector and sustainable construction practices now, in b years and in 20 years.

Select a value from 1 to 5 where 1 = very low, 2 = low, 3 = medium, 4 = high and 5 = very high impact.

1) Aging of society and demographic change

Impact now
Impact in 5 years

Impact in 20 years

2) Urbanisation

Impact now
Impact in 5 years

Impact in 20 years

3) Climate change

Impact now
Impact in 5 years

Impact in 20 years

4 5 Mo opinion
4 5 Mo opinion

4 5 Mo opinion
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4) Resource constraints

1 2 3 4 5 Mo opinion
Impact now F F F F F
Impact in 5 years
Impact in 20 years
5) Financial and economic crises

1 2 3 4 5 Mo opinion
Impact now . . . . .
Impact in 5 years

Impact in 20 years

6) Technological lock-ins including aging infrastructures

1 2 3 4 5 Mo apinion
Impact now ’ ’ P P P
Impact in 5 years

Impact in 20 years

7) value system changes influencing demand from customers

1 2 3 4 5 Mo apinion
Impact now x x F F F )
Impact in 5 years

Impact in 20 years

&) Other challenges and trends with impacts on the construction sector not mentioned above

-

Il Eco-innovation in the construction sector

To your knowledge, how important are the following activities in transforming the construction sector in Europe to an eco-
innovative and material efficient industry, and how likely is it that these activities will have made a significant impact on
construction activities in 5 and 20 years?

Pleaze assess the potential of the activity for making the construction sector more sustainable and, on the other hand, the likelhood of the
activity having an actual impact in the future (e.g.while an activity might have a very high potential, itz chance of having an actual impact may be
impeded by other factors).

Select & value from 1 to 5 where 1 = very low, 2 = low, 3 = medium, 4 = high and 5 = very high potential or impact.
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1) Renovation of old buildings

Potential

Impact in 5 years

Impact in 20 years

2) Construction of new 0-energy buildings

Potential

Impact in 5 years

Impact in 20 years

3) Construction of new D-emission buildings

Potential

Impact in 5 years

Impact in 20 years

4 5 Mo opinion

4 5 Mo opinion

4 5 Mo opinion

4) Improving the energy efficiency of buildings (old and new) through the building envelope

Potential

Impact in 5 years

Impact in 20 years

1

2

3

4 5 Mo opinion

5) Improving the energy efficiency of buildings {old and new) through building technologiss

Potential

Impact in 5 years

Impact in 20 years

6) Improving the material efficiency of buildings (old and new)

Potential

Impact in 5 years

Impact in 20 years

7) Recycling and urban mining

Potential

Impact in 5 years

Impact in 20 years

1

1

2

2

3

3

4 5 Mo opinion

4 5 Mo opinion

4 5 Mo opinion
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8) Industrialized construction

1 2 3 4 5 Mo opinion
Potential
Impact in 5 years
Impact in 20 years
9) Responsible materials stewardship
1 2 3 4 5 Mo opinion

Potential

Impact in 5 years

Impact in 20 years

10) Other activities with impacts on the construction sector not mentioned above

-

Il Drivers and barriers of sustainable construction
Barriers

Rank the following according to how much of a barrier you think they will represent to eco-innovation in the construction
sector and how relevant you think it will be in 5 years time and 20 years time.
Pleaze aszess the relevance of each barrier for construction sector eco-innovation now, in 5 years and in 20 years.

Select a valve from 1 to 5 where 1 = very low, 2 = low, 3 = medium, 4 = high and 5 = very high relevance.

Barriers: Economy and market

1) Building materials are too cheap

1 2 3 4 5 Mo apinion
Relevance now
Expected relevance in 5 years
Expected relevance in 20 years
2) Building materials are too expensive
1 2 3 4 5 Mo opinion

Relevance now
Expected relevance in 5 years

Expected relevance in 20 years
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3) Limited access to venture capital and other sources of finance for innovative projects

1 2 3 4 5 Ma apinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

4) Price of materials for innovative technologies is too high

1 2 3 4 5 Mo apinion
Relevance now
Expected relevance in 3 years

Expected relevance in 20 years

5) Lack of competition for innovative building components

1 2 3 4 5 Ma apinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

6) Limited demand for eco-innovative buildings (user-investor dilemma)

1 2 3 4 5 Mo apinion
Relevance now
Expected relevance in 3 years
Expected relevance in 20 years
7) Refurbishing too expensive
1 2 3 4 5 Mo opinion

Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

Barriers: Environment

8) Scarcity of materials for energy and resource-efficient technologies

1 2 3 4 5 Mo apinion
Relavance now
Expected relevance in 3 years

Expected relevance in 20 years

9) Unfavourable geographical location (limited sunlight, extreme temperatures, unfavourable ground
composition etc.)

1 2 3 4 5 Ma opinian
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years
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Barriers: Knowledge base and social capital

10) Weak collaboration between research, experts and business in the construction sector

1 2 3 4 5
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

11) Lack of knowledge/training of building planners (architects, engineers etc.)

1 2 3 4 5
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

12) Lack of knowledge/training of handworkers (electricians, plumbers etc.)

1 2 3 4 5
Relavance now
Expected relevance in 5 years

Expected relevance in 20 years

13) Lack of awareness of building/home owners

Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

14) Lack of acceptance of building/home users

Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

15) Risk averse attitudes in the construction sector

Relevance now
Expected relevance in 5 years

Expected relevance in 20 years
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Barriers: Technology

16) Lack of innovative technology development

Relevance now
Expected relevance in 3 years

Expected relevance in 20 years

17) Technological lock-ins (e.g. old energy infrastructures)

Relevance now
Expected relevance in 3 years

Expected relevance in 20 years

18) Low research and development activity in the construction sector

1 2 3 4 5
Relevance now
Expected relevance in 3 years

Expected relevance in 20 years

Barriers: Regulatory framework

19) Lack of subsidies and programmes for sustainable construction

1 2 3 4 5
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

20) Unambitious regulations and standards

Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

21) Monitoring and certification underdeveloped

Relevance now
Expected relevance in 5 years

Expectad relevance in 20 years
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Ma opinian

Mo opinian

Mo opinian
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22) Other eco-innovation barriers with impacts on the construction sector not mentioned above

e

Drivers

Rank the following according to how much of a driver you think they will represent to eco-innovation in the construction
sector and how relevant you think it will be in 5 years time and 20 years time.
Please assess the relevance of each driver for censtruction sector eco-innovation now, in 5 years and in 20 years.

Select s value from T to 5 where 1 = very low, 2 = low, 3 = medium, 4 = high and 5 = very high relevance.

Drivers: Economy and market

23) High price of building materials (as an incentive to search for substitutes)

1 2 3 4 5 Mo opinion
Relevance now F F ; ; F
Expected relevance in 5 years
Expected relevance in 20 years
24) Competition for innovative building components

L 2 3 4 5 Mo opinion
Relevance now = - - - -
Expected relevance in 3 years

Expected relevance in 20 years

Drivers: Environment

25) Scarcity of materials for energy and resource-efficient technologies
1 2 3 4 5 Mo opinion
Relevance now . . . - .

Expected relevance in 3 years

Expected relevance in 20 years

26) Favourable geographical location (i.e. stable temperatures, ground composition favourable for
construction, etc.)

L 2 3 4 5 Mo opinion
Relevance now = - - - -
Expected relevance in 5 years

Expected relevance in 20 years
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Drivers: Knowledge base and social capital

27) Building planners skilled in sustainable construction (architects, engineers, etc.)

1 2 3 4 5 Mo apinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

28) Handworkers skilled in sustainable construction (electricians, plumbers, etc.)

1 2 3 4 5 Mo apinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

29) Strong collaboration between research, experts and business in the construction sector

1 2 3 4 5 Mo opinion
Relevance now
Expeactad relavance in 5 years

Expected relevance in 20 years

30) High level of awareness of building/home owners

1 2 3 4 5 Mo opinion

Relevance now
Expected relevance in 5 years

Expeacted relavance in 20 years

31) High level of acceptance of building/home users

1 2 3 4 5 Mo opinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

Drivers: Technology

32) Innovative technology development

1 2 3 4 5 Mo opinion
Relevance now
Expected relevance in 5 years

Expeacted relavance in 20 years

33) High research and development activity in the construction sector

1 2 3 4 5 Mo opinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years
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Drivers: Regulatory framewerk

34) Subsidies and programmes for sustainable construction

1 2 3 4 5 Ma opinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

35) Construction materials tax

1 2 3 4 5 Ma opinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

36) Green public procurement

1 2 3 4 5 Ma opinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

37) Ambitious building regulations and standards

1 2 3 4 5 Ma opinion
Relevance now
Expected relevance in 5 years

Expected relevance in 20 years

38) In your expert opinion, what will be the most important up-and-coming eco-innovations during the time
period from now to 2030 towards achieving a resource-efficient construction industry?

Please note that eco-innovation can include anything from the development of a specific technology to a
radical change in the way things are done (for instance movements such as sustainable cities).

-
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39) Other eco-innovation drivers with impacts on the construction sector not mentioned above

-

40) General comments and thoughts concerning the questionnaire

-

Submit
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