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Preface

Climate change, increasing energy demand and resource
scarcity not only require a change in infrastructure and
industry but also in buildings and cities with smart >
technologies and systems.

Research and innovation crucially contribute to sustainable and energy-efficient
buildings and cities. In the course of the research programme “Building of tomorrow”
in the last years my resort has supported many concepts and key technologies for
buildings. International co-operations made it possible to successfully disseminate
Austrian research results. Today Austria plays an international pioneer role in energy-
efficient building.

The new research programme ,,City of tomorrow" aims to face coming challenges by
funding technological research and development projects of systems and services for
the city of the future.

| am therefore very pleased to introduce here at the Sustainable Building Conference
2013 this new research programme to an international audience for the first time.
Dedicated to essential questions reaching from renovating buildings and quarters to
smart cities, the conference is an excellent platform to present Austrian technologies
and know-how in the realms of buildings and cities.

With this in mind | wish those attending the international conference stimulant and
exciting discussions!

(D&c\‘s %weﬂ

Doris Bures
Bundesministerin
fur Verkehr, Innovation und Technologie

Fotonachweis: bmvit / Peter Rigaud
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Preface Minister

The klima:aktiv building standard is Austria’s most

prominent quality label for buildings

Sustainable building and renovation are essential
instruments of climate protection and represent an
important step towards energy autonomy. About one
third of our energy consumption results from private and

public buildings and from service buildings. Due to space

heating and their demand for electricity buildings cause a
substantial part of the greenhouse gas emissions.The klima:aktiv building standard

is Austria s most prominent quality label for buildings

Sustainable building and renovation are essential instruments of climate
protection and represent an important step towards energy autonomy. About one
third of our energy consumption results from private and public buildings and
from service buildings. Due to space heating and their demand for electricity
buildings cause a substantial part of the greenhouse gas emissions. With
comprehensive thermal retrofitting, greater energy efficiency in new buildings
and an increase in the share of renewable energy we can protect our climate for
the long term. Austria possesses extremely extensive know-how in the fields of
environmentally benign and energy-efficient construction and heating
technologies. Our country is a frontrunner in the passive house technology and
all over the EU one out of three solar energy systems is already from Austria. We

must exploit this immense potential.

My ambition is to achieve energy autonomy, meaning that, on balance, Austria
produces enough energy from renewable sources to be self-sufficient. To attain
this goal until 2050 I am strongly promoting a shift of our system towards
renewable energy and higher energy efficiency. With my climate protection
initiative klima:aktiv, the subsidisation priorities in the climate and energy fund,
the promotion of environmental projects in Austria and vigorous action to foster

thermal refurbishment, the Ministry of Life offers concrete advice and financial
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support. These investments have also significant economic impacts in Austria:

They bring about economic recovery and growth and provide new green jobs.

The klima:aktiv programme “bauen und sanieren” for building and renovation
aims at making energy-efficient building and comprehensive thermal-energetic
refurbishment an issue of public interest. The klima:aktiv building standard of
the Ministry of Life is the most prominent Austrian quality label for residential
buildings and service buildings. It is awarded to buildings which satisfy very
demanding energetic and ecological requirements. Energy-saving and energy-
efficient building is an essential criterion which we have to fulfil to achieve
energy autarky. A construction sector which is oriented towards sustainability
has positive impacts not only on the environment: With new green jobs it
provides promising perspectives on the job market and induces economic

advancement.

The Sustainable Building Conference 2013 in Graz comprises highest standards
concerning “blue buildings”, “green products” and "“smart cities”. We are
convinced that the klima:active building standard will contribute to the high

quality of this international conference.

I wish the Sustainable Building Conference 2013 a sustainable success and lots

of interesting discussions and insights.

Nikolaus Berlakovich

Minister of the Environment
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Ladies and Gentlemen,
dear participants of the “Sustainable building Conference 2013”

A cordial welcome to Graz, the World Cultural Heritage City, the
City of Human Rights and the City of Design!

All three titles have one thing in common: They are all connected
to UNESCO.

If we leave out the U-N and O, then it is about Education, Science,
and Culture.

We like to think that our city is built on these three pillars, but one pillar is missing here and
that is commerce and industry.

But, as you know, this fourth pillar results from promoting the first three.Knowledge is
power. Research and the resulting competitive edge form the basis for surviving in today’s
global competition.

The ever growing body of knowledge, which is making it more and more difficult to gain an
insight into and an overview of specialized fields, means that working in networks is
indispensable. These networks between universities provide the foundation for world-class
research.

However, networks are a significant factor for progress and development on all levels—both
for individuals as well as projects and businesses.

The worldwide growing urban centres need new and creative solutions for ecological and
sustainable house building, as well as plant manufacturing. We need also sustainable energy
supply, short distances between accommodations, offices, kindergartens, schools and shop
centres etc. and we need smart solutions for the traffic.

Therefore, | would like to wish your conference a successful outcome and hope to be able to
welcome you again soon in our city!

Yours sincerely,

Mayor Siegfried Nagl
City of Graz
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Dear SB 13 participants,

As director of the executive department for urban planning,
development and construction of the City of Graz it is a great pleasure
to be able to welcome you to Graz, where sustainability in building
has long been an important topic. We understand the importance of
communicating with other cities and other regions in order to be able
to compare the best examples, both in research and in practice. This
enables us to discuss their relevance for each city and therefore find
optimal solutions. Everyone benefits from being involved in this sort
of international cooperation.

The City of Graz has already achieved international recognition for its efforts to find
sustainable solutions. This has been made possible through cooperation with numerous
experienced partners such as the University of Technology in Graz, Province of Styria and
also with outstanding companies working within the research and energy sector. For this
reason our concept for a Smart City, the sole flagship project in Austria, has been awarded
with a financial sponsorship from the federal running into millions.
This means that we are now able to begin the detailed planning phase of building a
sustainable, futureproof, energy self-sufficient district which will be built on an old industrial
brownfield near to the main train station in Graz.

Concerning the project “Energy City Graz-Reininghaus”, an overall energy concept including
energy networks will enable sustainability for this district. The first steps of the
implementation can already be seen.

At SB 13 internationally renowned experts will highlight all aspects of sustainable
construction in numerous talks and lectures. The topics range from sustainable, energy self-
sufficient urban technologies and the building of new, futureproof buildings to
environmentally friendly building materials and sustainable renovation as well as the
development of whole districts in such a way that resources are conserved and the
observation of the entire lifecycle of buildings.

The fact that young researchers have been invited to come and present new research
methods shows that we do not want to simply be satisfied with that which we are building
now, but that we want to focus on the future. | have high hopes that the International
Sustainable Building Conference 2013 in Graz will represent an important milestone in the
development of sustainable building!

| wish you every success and best wishes for a sustainable future!
DI Mag. Bertram Werle

Director of the executive department for urban planning, development and construction
City of Graz
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As most visible elements of our built environment, buildings satisfy

a deep rooted human need for protection, comfort and well-being.

Be it on the workplace, at home, or the public sphere, constructions

most strongly determine our quality of life.

But construction and operation of buildings also form part of
highest primary resource consumption, energy intakes and
environmental pollutants. With 30 to 40 % of pollution and energy
consumption within the industrialized world being associated with

our buildings, quality and efficiency improvements can provide

profound contributions to a more balanced and ecologically sound society.

Therefore all constructive disciplines, civil engineers, architects, infrastructure planners- as well as
socio-cultural scientists and political representatives need to be interlinked in order to make a
difference by implementing new and innovative technologies. With life cycles that last over decades,
generations and often centuries, application of newest technologies and standards is paramount
when it comes to ecologically sound and economically efficient buildings.

Being a powerhouse of sustainability, Graz University of Technology is the perfect place to host this
“International Sustainable Building Conference”. Through our Field of Expertise “Sustainable
Systems”, as well as via the “European sustainable energy innovation alliance” (esaia), we form part
of a highly dynamic global sustainability network. Your conference participation most clearly displays
the successful path this institution has taken. The coming days will provide you with ambitious
intellectual, scientific as well as social inputs. All this is needed to help implement long lasting
solutions — and develop new ideas — on how to reduce our primary and secondary resource
consumption in building and construction. | hope that after the coming days you will associate Graz
with visions, ideas and solutions on how to make our planet a better place!

Yours

Harald Kainz
Graz University of Technology
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Foreword

Meanwhile sustainable development has got to a place in the building and construction sector.
Therefore it is time to transpose the paradigm change into practice on an overall basis. Whereas in
Austria energy efficiency, use of renewable energy or reduction of greenhouse gas emissions were
synonyms for sustainable construction we can notice today an increasing acceptance of the holistic
approach, the necessity of considering ecology, economy and sociocultural aspects in the building
sector simultaneously over the entire life cycle.

The European Commission enforced this development by releasing numerous strategies, directives
and regulations such as e.g. the Energy Performance of Buildings Directive, the Lead Market Initiative
Sustainable Construction or the new Construction Products regulation with the new Basic
Requirement 7 (Sustainable Use of Natural Resources). Parallel to these mandatory regulations, a
suite of standards (e.g. European standards for sustainable construction) and non-mandatory building
certificates particularly in the area of office and retail buildings emerged. This intensive supply of
information, however, leads to many more questions from clients and practitioners, especially on how
buildings can be constructed and maintained in a sustainable way.

With these facts in mind, we highly appreciate the initiative of CIB, UNEP, iiSBE and FIDIC of having
established the series of SB conferences and are very happy to host the last one of the central
European SB conferences in 2013 here in Graz.

One of the most important starting points is the sustainable handling of the existing building stock
therefore the SB conference in Graz addresses not only new buildings but also restoration and
refurbishment. Hence, we combined the SB13 Graz conference with the 6kosan conference, which is
normally hosted by AEE INTEC (Institute for Sustainable Technologies). Okosan is a symposium on
ecologically sound refurbishment technologies and best practice examples and together with AEE
INTEC we have a strong partner, which offers the possibility to merge theory and practice.

Graz University of Technology and particularly the Faculty of Civil Engineering Sciences acted always
as an interface in technology transfer between all stakeholders. Therefore, we do hope to contribute
with this conference to a knowledge transfer in the scientific community, but especially with
commercial partners from industry, planners and public authorities, in order to realise a sustainably
sound built environment without overflow of rules and regulations. Standards and assessment tools
should be accepted as support and assistance, not as a restraint.

We are looking forward to your vital participation in the sessions and workshops and wish you a
pleasant stay in the green heart of Austria.

/ﬂ/h__ 2 jan q[fo‘e!i(f

/
Prof! Dr. Peter Mayd| Ass.Prof. Dr. Alexander Passer Dr. Karl Hofler
Graz University of Technology Graz University of Technology AEE INTEC
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Dear Participants of the “Sustainable Building Conference 2013”,

The global issues we are all currently facing are multiple. A central
one is certainly the continuously rising global demand for
sustainable solutions and the building sector is playing a key role in
this area.

The supply of future oriented building material solutions and optimized production processes of
building materials are consequently the core of the Wienerberger sustainability strategy.

Our target is the delivery of building concepts for tomorrow today. Our long-lasting, resource-
conserving building materials as well as our energy-efficient house concepts help our customers
make a substantial contribution to environmental protection. Our e4-Brickhouse 2020 for example
has a positive energy and CO2 balance and in this way makes an active contribution to climate
protection.

Wienerberger sees also an important potential in the education of young people in the field of
sustainable building solutions. Therefore, Wienerberger provides an international education program
dedicated to Masters Students of Architecture, Civil and Environmental Engineering who are
outstandingly motivated in the field of sustainable building and wish to extend their knowledge and
experience in this area. Within the first round of the Wienerberger’ s Sustainable Building Academy
(WISBA 2013/2014) we invite 12 students from three different countries for a fully financed one
semester training together with experts from science and economics in the field of sustainable
building. We start the program of WISBA 2013/2014 in cooperation with the Sustainable Building
Conference 2013 in Graz because it guarantees our scholarship recipients the scientific exchange on
a high level with the most important experts in Europe. The 3-day kick-off event of WISBA will then
be followed by four international workshops during the next months and a final conference in spring
2014.

Sustainable management has been a key part of the Wienerberger corporate culture for many years
and is fully integrated in all areas of the company. In order to make our sustainable management
activities even more transparent, we have decided to announce our sustainability goals for various
areas in the sustainability report 2012 and will report regarding our progress in the future. | invite
you to form your own opinion of our efforts with respect to sustainability management and to join us
on a sustainable course into the future. For the Sustainable Building Conference 2013 in Graz | wish
you all interesting discussions and a promising outcome.

Yours,

Heimo Scheuch, CEO
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Short Summary

This paper presents findings from a case study set of typical masonry residential buildings in Ire-
land to determine the efficacy of typical insulation and building fabric upgrade works in reducing
energy and greenhouse gas emissions, as well as their affect on the perceived thermal comfort of
the occupants. This is achieved by monitoring 19 houses and assessing the internal environment,
energy consumption, comfort and occupant behaviour, before and after typical residential insula-
tion improvements. The retrofit provisions included pumping the cavity walls with insulation and
increasing the level of ceiling (attic) insulation. The level of satisfaction expressed by the occu-
pants in relation to the thermal comfort conditions before and after the upgrade works varied. As
expected, the upgrade of insulation of the houses lead to increased internal temperature, but also
in most instances an expected decrease in overall energy consumption. With deep retrofitting re-
guired on houses in Ireland if Ireland’s target to reduce CO, emissions of buildings by 90% by
2050 is achieved, further research on actual energy savings from retrofitting measures is vital.

Keywords: Lifecycle assessment; Retrofit; Embodied energy; Embodied carbon; Residential.

1. Introduction

With a considerable portion of Ireland’s existing building stock initially constructed to relatively poor
energy performing standards, retrofitting packages will play a vital role in landscaping Ireland’s
future housing stock and will be important to achieving energy targets [1]. Hence, the importance of
a lifecycle analysis study, in terms of energy and carbon, for retrofitting projects is authenticated.
Previous studies have highlighted possible energy savings through SEAI retrofitting schemes [2].
Furthermore environmental life cycle assessment (LCA) studies highlighted the importance of
actual operational energy and carbon usage in homes as a true carbon footprint indicator [3,4].
Therefore, before the largest national retrofitting scheme is undertaken in Ireland it is imperative
the true potential of retrofitting project initiatives is carefully assessed. A residential housing estate
was identified in Ballyshannon, Co. Donegal as a suitable case study. Operational monitoring
started from November 2012 with upgrade retrofit works completed in December 2012. This paper
contains provisional results as monitoring is ongoing. A full economic and environmental lifecycle
analysis is presented, which considers both the energy consumption and carbon emissions
embodied in the retrofit works together with those associated with the operation of the home.

2. Case study retrofit project

The Highfields residential housing estate in Ballyshannon, Co. Donegal consists of 19 masonry
housing units constructed in 2004 consisting of semi-detached single-storey and two-storey
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dwellings. Thermal upgrade retrofit works were completed in 2012 consisting of basic thermal
cavity wall and ceiling insulation upgrades [5]. Average pre-retrofitting works Building Energy
Ratings (BER) ranged from D2 to C3 for estate houses with estimated annual primary energy
consumption and carbon dioxide emissions varying from 185-294kWh/m?/yr and 47-75kgCO,/m?/yr,
respectively, using the Dwellings Energy Assessment Procedure (DEAP), which is the Irish official
method for calculating and rating the energy performance of dwellings. BERs improvements are
recorded in all homes post-works. Average post-retrofitting works BERs ranged from D1 to C2,
which equates to post-works annual primary energy consumption and carbon dioxide emissions of
169-267kWh/m?yr and 43-67kgCO,/m?/yr, respectively. Sensors were installed to measure
temperature, humidity, oil usage and electricity usage in homes. Occupant surveys were also
conducted on tenants both pre- and post-insulation works. Appropriate Met Eireann external
weather data was gathered.

Provisional results suggest a slight immediate increase in internal temperatures following insulation
upgrade works completion. Consequently average internal temperatures appear to decrease after
a period which may be caused by user behaviour or external influences. Average internal
temperature and relative humidity vary substantially between homes and rooms. Therefore,
occupant user behaviour cannot be ignored when estimating actual energy and carbon savings
following retrofitting. Tenant perception on the internal thermal comfort of their homes pre- and
post-retrofitting reflects favourably on the perceived benefit of retrofitting to the internal
environment of houses. Nine of the case study houses experience decreases in average daily
electricity usage after upgrade works. Estimated economic annual energy spending analysis
suggests an average estimated annual space and water heating spending reduction of €9 per m?
of floor area for the one-bedroom semi-detached single-storey dwellings after insulation works.
Little or no monetary spending estimated savings are recorded for the larger semi-detached
houses. On the other hand, 60% of assessed estate tenants had found noticeable energy savings
following the upgrade insulation works according to survey results. Such results favourably
represent the client perceived residential retrofitting approach. There was a noticeable difference
between the estimated savings using DEAP and the perceived savings from occupants. This
highlights the significance of perceived operational energy savings when used as a benchmark.
Issues such as physical and occupant ‘take-back’ and energy usage offsetting may have an impact
in retrofitted results. Further analysis over a longer period will highlight such issues.

3. Conclusions

A noticeable improvement in internal temperature and occupant perception of internal thermal
comfort was recorded in many homes following completion of basic cavity wall and attic (ceiling)
insulation upgrade works. Provisional results recorded half the assessed homes held a noticeable
average daily electricity usage decrease following completion of works. A survey of occupants
undertaken soon after retrofitting works were completed highlights the significance of perceived
energy savings as a result of retrofitting compared to actual or relative occupant savings. Care is
needed when utilised as a retrofitting energy benchmark. Future lIrish retrofitting strategies may
need to account for the actual operational savings impact compared to the perceived for various
retrofitting packages on Irish residential buildings.

4. References
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Short Summary

The application of innovative industrialised renovation methods and prefabrication can improve
renovation quality significantly and reduce time on-site and costs during renovation. The feedback
of seven building renovations in the E2ReBuild project provided a better understanding concerning
the influence of the applied collaboration model on its successful implementation. Communication
and know-how exchange were crucial for joint development and optimization of quality, costs and
time. Neither the current Design-Bid-Build nor the Design-Build approaches were able to meet the
requirements of industrialised renovation methods. Procurement framework restricted owners to
compose teams according to project specific requirements and hindered the collaboration of
planners and contractors in early planning stages. Finally, all interviewed stakeholders within
E2ReBuild stated a high replication potential of the applied technologies, processes and models —
provided that framework conditions would facilitate their implementation.

Keywords:Building Renovation; Energy-efficiency; Industrialization; Prefabrication; Collaboration;
1. Motivation and objectives

E2ReBuild aimed at further development, demonstration and promotion of cost-effective, energy-
efficient retrofit strategies for broader application on the market. First feedback from practice
showed that industrialised methods and implementation of prefabricated facade and roof elements
were especially sensitive regarding collaboration among actors. Thus, the aim of the analysis and
evaluation of collaboration models within E2ReBuild was to identify framework conditions that in-
fluence appropriate collaboration, to uncover barriers and risks that hinder successful team set up,
to identify necessary actions within legislation and to present key aspects for successful collabora-
tion models.

2. Methodological approach

Based on a dialogue between researchers, developers and owners the seven Demo projects
served as a source for analysis and evaluation of the applied collaboration models. By means of
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interviews, site-visits and stakeholder discussion panels the experiences were collected and doc-
umented in collaboration charts and action line diagrams.

3. Definitions

The definition developed in the E2ReBuild project targeted to define collaboration models beyond
sole business models and described the target-oriented concerted actions with defined interfaces,
responsibilities, rights and obligations to achieve a common goal.

4. Findings: Design-Bid-Build vs. Design-Build approaches

The analysis of collaboration charts and action line diagrams showed two basic models for the
planning and construction process applied in the E2ReBuild Demos: The Design-Bid-Build and the
Design-Build model. While the Design-Bid-Build was characterized by the “Bid” as a clear step in
the process to appoint the planners and contractors, the Design-Build approach united the plan-
ning and construction under the umbrella of one Total contractor. Hereby tendering of different
trades was avoided, subcontractors were chosen by the Total contractor with reference to costs
and time fixed in the global contract.

The question of risks and responsibilities dominated collaboration in the Demos. In the Design-
Build models, the risks and responsibilities were transferred to the Total contractors. In contrary in
the Design-Bid-Build models the owners were very active in controlling and steering processes,
methods.

Communication was a crucial point. It needed a lot of personal effort to keep tenants informed and
respect their needs. Everybody was aware of that. In contrary, communication and know-how
transfer among planners and contractors was less sufficient and the awareness of the importance
to facilitate know-how sharing for joint development was quite low.

5. Conclusions

This project showed that neither the current traditional Design-Bid-Build nor the Design-Build mod-

el could sufficiently meet the requirements for industrialised renovation methods. Nevertheless,

similar requirements on organizational level and obstacles within legislation were identified:

- Communication and know-how exchange among professionals was crucial for industrialised
renovation methods and the application of prefabricated fagade and roof elements.

- The link between the planning team and the contractors. Early and good integration of relevant
contractors ensured optimization of workflow, costs, time and implementation quality.

- Procurement framework restricted owners to compose teams according to project specific re-
quirements and hindered collaboration of planners and contractors in earlier planning stages.

6. Further information

This paper reports the legal and economic aspects identified and evaluated within the WP “Innova-
tion in Planning and Design” in E2ReBuild. Further aspects concerning opportunities, obstacles
and risk are shown in the paper “Collaboration Models for Industrialised Renovation Methods and
Prefabrication — Opportunities, Barriers and Risk” [3]. The detailed report “Evaluation of Collabora-
tion Models” [2] is available as download on the E2ReBuild website.
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Short Summary

The new EPBD requires that the cost optimum over the life cycle of buildings is taken into account
when requirements for the energy performance of buildings are established. National minimum
standards should be set by the Member States based on the cost optimum for construction costs
and operational costs. Therefore, the European Commission has submitted the regulation No.
244/2012.

A crucial question regarding the cost-efficiency of nZE buildings is whether calculated energy
demand and costs assumptions are corresponding with measured energy consumption and real
cost data from buildings in use. Up to now there is little empirical evidence to answer this question
on a broad basis, even in those countries where a considerable number of nZE is already realized.

This paper is based on recent research results based on a broad empirical survey by e7 together
with the Austrian Federation of Limited-Profit Housing Associations (gbv). The survey was
launched in order to collect energy consumption AND cost data from innovative multi-family-
residential buildings which can be regarded as nZE buildings in order to analyze the cost-
effectiveness of those buildings. The paper presents results derived from a broad sample of about
90 buildings.

Based on this survey, there is empirical evidence that the measured energy consumption for
heating in nearly zero energy buildings is lower than for low-energy buildings. However, the
difference in practice is significantly lower than expected from design values.

Whether passive house or low energy standard: there is a broad range of factor three, in the actual
energy consumption, depending on accurate construction, proper operation of the building and
user behavior. It would be misleading to draw conclusions from studying only small numbers of
buildings. On the other hand, this provides a high potential for the optimization of the buildings
operation and thus to reduce running costs for the users.

Maintenance costs vary widely and those buildings with ventilation systems tend to have higher
maintenance costs. The lower energy costs of passive—house and lowest-energy building types
therefore tend to be partly compensated for by higher maintenance costs.

In general, the lower costs for heating energy do not compensate for the higher investment costs
for the passive-house standard of building. At least for the specific situation in Austria it seems, that
lowest-energy standard (energy heating demand about 20-30 kWh/m?.a) turns out to be the range
for cost-optimal building standards. This is well in line with theoretical calculations on cost-optimal
building standards for multi-family-residential buildings in Austria, carried out independently in 2012.

Keywords: Cost-optimality, residential buildings, energy use, cost-optimal building standards,
nearly zero energy buildings
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Short Summary

In the wake of structural degradation and the enhancement of China’s building energy saving
standards, large numbers of China’s existing buildings need to be rehabilitated. A comprehensive
assessment system for the existing building’s refurbishment in China is developed. In addition, an
assessment to forecast the remaining life of the existing buildings after retrofitting is also presented
in the system. Finally, a public building in Liaoning province of China is analyzed as a case study to
demonstrate the feasibility and validity of the system.

Keywords:Existing Building; Refurbishment; Comprehensive Evaluation; Energy Efficiency; China

1. Introduction

Currently, more than 11 billion square meters in the old buildings have problems with respect to
safety and inner environment.China's construction industry has begun to enter the period of
renovation and strengthening from the period of construction [1]. Hence, integrally, comprehensive
and reasonable evaluation of the existing buildings refurbishing in China is important. In this study,
a multi-objective and multi-level comprehensive evaluation system for the existing building
strengthening and retrofitting in China is developed.

2. Methods and results

2.1 The comprehensive assessment index system

In the process, we refer to the British BREEAM, American LEED [2] etc. Considering the current
situation of China, we also refer to the Technical Standard for Residential Performance Evaluation
(GB/T50362-2005) and Green Building Evaluation Standard of China (GB/T50378-2006).

A Comprehensive Assessment System for the Strengthening and Retrofitting of Existing Residence
(CASSRER) is designed with 3 level indicators. Level one includes 6 indicators, and level two
includes 23 indicators, and level three contains 100 marking criteria.

2.2 Weights system
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This paper adopted the analytic networks process (ANP), which use comparison matrix function in
the super decision software (1.4.2), to determine the weight system based on a questionnaire
survey of experts.

The comprehensive evaluation system for the strengthening and retrofitting of existing buildings
obtains a score through the evaluation of each indicator. Finally, we obtain level one indicators’ scores, as

shown in Fig. 1.
<_[ Level Two Indicators Score ]
Level Two Indicators Score 2

Level One Indicators
Level Onelndicators Score 3
Fig. 1 Scoring Method

In this paper, four level-one indicators are divided into as objective indicators, meanwhile, two
level-one are divided into as subjective indicators. Five grades scoring points for the subjective
indicators are excellent, good, fine, qualified and bad, and respectively correspond to 1, 0.8, 0.6,
0.4 and 0.2 of the five scores. The preliminary rating standard is set for: 1. Being in urgent need of
refurbishment (0 <score < 30); 2. Being in need of refurbishment (30 < score< 60); 3. Being in no
need of refurbishment (60 < score < 100).

2.3 Case study

A laboratory building constructed in 1992 and located in Liaoning Province of China was evaluated
by the proposed system. In the process of refurbishment of the laboratory building, some new
technologies were adopted. Table 1 is the result of the comparison of building before and after
refurbishment.

Table 1 the comparison of the results

Results of the Building before Refurbishment Results of the Building after Refurbishment
The Indicator Scores The Indicator Scores

Total Score 43.00 | Renovation Total Score 65.00 | Renovation
Building and Structure 46.00 | Renovation Building and Structure 50.00 | Renovation
Indoor Environment 54.00 | Renovation Indoor Environment 62.00 | Renovation
Energy efficiency 24.00 | Urgent Renovation [Energy efficiency 85.00 | Urgent Renovation
Outdoor Environment 66.00 | No Renovation Outdoor Environment 66.00 | No Renovation
Regional 76.00 | No Renovation Regional 76.00 | No Renovation
Economy 45.00 | Renovation Economy 51.00 | Renovation

3. Conclusion

An existing building strengthening comprehensive evaluation system is developed in this paper.
The evaluation system provides a useful tool for assessing the performance of existing buildings,
the grade of strengthening and reconstruction necessity as well as the specific direction of
strengthening and reconstruction can be determined.
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Short Summary

This paper focuses on the specification of critical points in the assessment of a chosen building to
be elaborated according to EN 15978 [2] and EN 15804 [3]. It is based on the scenario for a
specific building refurbishment — underground part of the building was maintained, upper part was
deconstructed and built as new re-using the most of the deconstructed building materials possible.
The calculations of environmental performance are not part of this paper, but are planned as a next
step of the future work of the authors.

Keywords: Life cycle assessment; refurbishment; building assessment; environmental
performance of buildings

1. Introduction

Life cycle assessment of buildings is nowadays used first of all for new buildings. The situation is
quite different in assessment of existing buildings and their refurbishments. There are only quite
few LCA analysis for existing buildings in the world, and most of them are only simplified versions.
It is clear that we should focus on LCA of existing buildings because it is generally known that new
buildings represent just a minor portion of the total number of buildings (for example the annual
growth rate of new buildings added to the housing stock is 1.5%) [1]. From this point of view, we
are able to influence the overall environmental performance of buildings more efficiently if we also
focus on improvements of the existing ones.

It emerged from the background research that there is not a sufficient number of relevant examples
of life cycle analysis of refurbishments of existing buildings. Furthermore, the assessment method
according to the European Standard EN15978 Sustainability of construction works — Assessment
of environmental performance of buildings — Calculation method [2] is quite new and no LCA
studies have been done so far. It has been decided to create a detailed LCA of a typical Czech
existing building intended for refurbishment. Detailed scenarios are modelled for individual
modules of life cycle of the building and particular and problematic issues are defined within the
process.
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® The annual growth
rate of new buidlings
added to the housing
stock

m Existing housing
stock

98,5%
Fig. 1: The annual growth rate of new buildings added to the housing stock [1].

2. Purpose of the assessment

The purpose of the assessment is defined by the goal, the scope and the intended use of the
assessment. In our case, the intended use of the assessment is according to the norm [2] following:
- Assistance in decision making process (for example comparison of the environmental
performance of different design options);
- Documenting the environmental performance of the building;

3. Conclusions

This study of problematic issues during creation of LCA model of a building is a beginning of a
complex project of LCA assessment of existing building.

The results of this preliminary study show us several critical issues that influence the overall LCA
result. The common feature of the critical issues is their unpredictability in the future. This
unpredictability should be always taken into account when creating LCA scenarios and interpreting
their results.

The major uncertainties that influence most of the modules and are hard to be predicted are
following:
- Service life (moral and technical) of building and particular parts;
- Change of building use;
- Social and urban changes;
- Technological progress in transport methods, construction processes, ways of disposal,
recycling etc.;
- Legal changes;
Insufficient data on environmental performance of materials and building components.
The resulting LCA will always be accurate only within a certain probability measure which is hard
to be determined as well because the number of possible development scenarios may be infinite.
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Short Summary

This paper summarises the results of the recent research Methods and Concepts for Sustainable
Renovation (MECOREN) carried out at VTT (Hakkinen et al. 2012). The objective of the research
was to develop methods and concepts for sustainable renovation of buildings.

Alternative refurbishment concepts were studied on the level of the Finnish residential building
stock. Different refurbishment concepts were compared by assessing the impact in terms of energy
and greenhouse gases (GHGs). When assessing GHGs of buildings and the effect of
refurbishment on GHGs, it is important to choose a right method with the help of which the
emissions are calculated. This is especially important when district heat and electricity are used as
sources of energy.

The paper also assesses the significance of embodied environmental impacts in sustainable
refurbishment projects. The environmental impact of renovation materials was compared to the
saved environmental impact due to the energy saving achieved with the help of refurbishment. The
demolition and building a new building was also considered as an alternative.

The assessment of the economical potentials of refurbishment concepts was carried for cases
where an extensive refurbishment is needed for an out-dated building.

Keywords: Sustainable renovation
1. Introduction

The paper presents analyses the impacts of alternative renovation scenarios on Finnish building
stock in terms of greenhouse gases (GHGSs). The focus of the study was on residential buildings.
The calculations were carried out for years 2010, 2020 and 2030. In addition to the assessment of
the renovation concepts of building stock, the objective of the paper is also to
o discuss and give recommendations about the use of environmental data for energy sources
e discuss and make conclusions about the significance of building materials in renovation
projects from the view point of greenhouse gases and total energy use
e assess and make conclusions about the economic impacts of building renovation.

2. Environmental profiles for electricity and district heat
In order to assess the environmental potential of different renovation concepts the environmental

profiles for heat and electricity was calculated as an average value for 2004—2008. The newest
prediction made by the Finnish Ministry of Employment and Economy was done in the connection
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of the new climate and energy strategy. The paper also assessed the impacts of renovation when
the results were calculated with the help of the predicted values.

3. Environmental impact of materials in building refurbishment

The objective of this part of the study was to assess the significance of building materials in
building renovation in terms of GHGs. The environmental impact of renovation materials was
compared to the saved environmental impact due to the energy saving achieved with the help of
renovation. The case study indicates that the increased material consumption because of
refurbishment to the level of low-energy and passive-level structures causes an increase in GHGs
but this is significantly lower compared to the saved GHGs because of saved operational energy.

4. Energy consumption of the current housing stock and energy saving
potential

The heating energy use and electricity use were calculated for all residential buildings by using
model buildings. An exemplary building was created to present each of the different age-type
groups in the building stock and these model buildings were then used for calculating the energy
consumption of the housing stock.

5. Effect of calculation rules

As there is a rapid change in the assessed CO2 values of electricity and district heat between the
years 2010, 2020 and 2030, the possible consideration of this change in LCAs of buildings has a
significant effect on final results. It is here recommended that especially when making building level
or stock level life cycle assessments over 50 years’ period, the assessed change in emission
values should be considered. An example of the significance of the issue is given in the paper.

6. Economical assessment of renovation concepts

The assessment of the economical potentials of refurbishment concepts was carried for cases
where an extensive refurbishment is needed for an out-dated building. However, also separately
done refurbishment measures such as changes of windows, refurbishment of facades etc. should
lead to a reasonable improvement of energy performance. The economical life cycle impacts of
refurbishment depend on the investment cost and the reduction of energy consumption. However,
a successful refurbishment also affects the resale value of the building. A significant increase in the
value (market value) by means of extensive refurbishment can be achieved when the building is
located in a relatively valuable neighbourhood and when the whole neighbourhood is renovated at
the same time. Compensation can also be achieved by increasing the density of the area (with the
help of extensions such as an additional storey or building).
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Short Summary

The aim of the paper is to evaluate the efficiency of retrofitting of the built asset in order to choose
the most sustainable strategies. This work aims to give a contribution in defining a practical LCA
and LCC-based method applied on a specific case study.

A multi-storey residential building located in Northern Italy was analysed in order to evaluate differ-
ent renovation alternatives. The methodology is based on the evaluation of a wide range of possi-
ble refurbishment alternatives. The most sustainable one (Option B) was compared to a full demoli-
tion plus reconstruction (Option A). From the achieved results it is clear that, over a 50-year service
life, renovation is the most convenient choice in terms of energy, GHG savings and costs.

Keywords: Renovation; Housing; Sustainability; LCA; LCC; Retrofitting; Carbon Footprint.

1. Introduction

In building sector, resources exploitation, energy consumption and harmful gas emissions have to
be taken into account and cannot be neglected in order to obtain an improvement of energy and
environmental efficiency. An economical and environmental analysis has been carried out (LCC
and LCA) on a case study to compare a building energy refurbishment and a complete demolition
plus new building reconstruction. The case study is a social housing building in Brescia, Italy.

2. Methodology

A 50-year service life has been taken into account to make a comparison between demolition plus
new construction (Option A) and refurbishment (Option B).

Option A consists in the case study building demolition and the subsequent construction of a more
efficient building, analyzing its operational phase in the service life.

The study of Option B is focused only on energy refurbishment, neglecting the benefits that could
be generated from acoustic insulation, anti-seismic features or architectural upgrading. The func-
tional unit considered for LCA and LCC is 1 m? of living area.
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The environmental impact indicators considered for the analysis are the non-renewable Cumula-
tive Energy Demand (CED) and the CO,, emissions into the air.

Amounts of materials are primary data relative to the case study, while materials production and
other processes are secondary data taken from Ecoinvent 2.0 database and calculations per-
formed with Simapro 7.3.3 Software.

Besides, in the economical analysis only the technical costs of the building operations have been
taken into account and the overheads, the charges related to safety, business profits, VAT and the
increasing of price of money during the life cycle have been neglected

3. Case study

The building case study is located in the Casazza - Brescia (Italy) and was built in 60-70s.

IDENTIFICATIONE OF TIME Contemporary (1964-1975)
CONSTRUCTION MATERIALS Brick-Cement

TYPE OF CONSTRUCTION Beams and columns
BASEMENT DIMENTIONS 11mx 42m

TOTAL ELEVATION 25m

GROSS VOLUME 12781 m°

TOTAL NET AREA (usable) 2046 m’

PERIMETER WALLS 2296 m’

ROOF 400 m’

FRAMES EXTERNAL 351m’

Figure 1: Characteristics of the building case study.

4. Inventory analysis

Demolition (Option A) plays the highest contribution in term of economic costs, whereas waste
disposal is crucial for environmental impact because of the length of treatment processes. The
demolition technique used for the operation is the use of excavators (De Angelis et al [2]).

The new building has the same living area of the existing building and better energy performances,
with a primary energy need of 13,92 kWh/m?year. Operational electric energy consumptions play
an important role in GWP and CED impacts. Demolition phase is responsible of 6% of the total
economic costs and of 1% of the environmental impacts.

Option B consists in an envelope energy refurbishment aiming at obtaining a reduction of building
life cycle consumptions. Some basic activities on envelope have been studied from the economic
and the environmental point of view, varying the insulation thickness and the kind of insulation ma-
terial. These basic activities were combined to find the best set of operations able to guarantee
environmental, economic and energy savings. The best mix consist in: ETICS in EPS with a thick-
ness of 15 cm, slab insulation in EPS with a thickness of 15 cm, roof insulation with loose fill cellu-
lose with a thickness of 20 cm and window substitution with a frame in PVC and low-e glasses 4-
16-4 filled with argon.

5. Results

If only energy performance of the building is considered as benchmark (operational energy and
use), in an extended service life perspective of 50 years, refurbishment (Option B) is the most con-
venient strategy.

The envelope insulation is one of the easier refurbishment activities on existing building that could
assure the decrease of energy consumptions. In this case, the performances that could be attained
will never be the same as the ones achievable in a new construction, but significant savings can be
obtained upon decreasing heating needs in operational phase.
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Short Summary

This paper describes the results and conclusions from an LCC and LCA analysis performed on a
case study. An actual deep energetic renovation example in Torhout, Belgium was studied on its
cost efficiency and environmental impact, comparing it to different other renovation scenarios:
standard renovation — in which measures were applied to obtain an energy consumption level
similar to the minimal energy requirement (EPB) for new houses and NZE or Nearly Zero Energy
renovation, where the as built (or as renovated) situation was used as starting point and additional
renewable energy systems were installed to strive to zero energy consumption. This allows on the
one hand to verify which scenario is the most interesting in terms of costs and environmental
impact, and on the other hand to gain insight in the feasibility of obtaining a NZE level in renovation
of houses.

Keywords:Deep Renovation; NZE; Life cycle assessment (LCA); Life cycle costing (LCC)

1. Introduction

The principles of low energy buildings, passive houses and nearly zero energy houses have
proven their feasibility within the context of construction of new buildings. However, in a renovation
context it is not clear to what extent deep energetic renovation measures will be worth the effort.

The ERACOBUILD One Stop Shop project [1] focused on deep, energetic retrofits of houses and
considered case studies of renovated houses to verify the feasibility of obtaining a ‘Nearly Zero
Energy’ (NZE) level in renovation. More specifically, the cost effectiveness and the environmental
impact of different renovation scenarios were determined using life cycle costing (LCC) and life
cycle assessment (LCA).

2. Case study in Torhout, Belgium

Architect Luc Dedeyne renovated and transformed two neighbouring houses, dating from the early
1970s, into a single family house with private practice. The most important measures in the actual
renovation are:
- Replacement of the floor slab on the ground floor and installation 15 cm EPS insulation;
- Replacement of the roof and installation of 32 cm additional mineral wool;
- Renovation of the street fagade by demolishing the outer leaf of the cavity wall and
installing 24cm of cellular glass with a ceramic materials as finishing layer;
- Replacement of old windows by triple glazed aluminium windows;
- Addition of Vacuum Insulation Panels (VIP) to the aluminium doors and garage door.
- Installation of a large (25m?) solar boiler, floor heating, heat pump and PV-installation (3.4
kWp).
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The as built ‘Low Energy’ renovation with a Heat Pump (LE-HP) as energy source for heating & hot
water is compared to:
- A building where the same measures for the envelope were taken, but a condensing boiler
on natural gas is used for heating & hot water (LE-CB)
- Based on the LE-HP scenario, additional PV panels and a larger solar boiler are
considered, in order to obtain the NZE-HP alternative.
- A Standard Renovation scenario is defined, based on minimalistic insulation measures and
a condensing boiler (on natural gas) system: SR-CB. Attention was paid that the same
degree & type of fagade finishing are kept, in order to be comparable in costs.

3. Results

3.1 Cost efficiency

Investment costs are relatively high, especially for the wall renovation. This is because of the
special (architectural) solution chosen (cellular glass & glued ceramic tiles), and the bad condition
of the bearing wall when the outer fagade wall was demolished, which needed considerable
reparation and preparation works. The investment cost dominates the life cycle cost. It is not
compensated by the lower energy consumption cost over 30 years. Taking into account subsidies
(anno 2012) makes the NZE scenario as profitable as the LE scenarios, but the SR scenario
remains the best option.

3.2 Environmental impact

Adding the environmental impacts of materials, replacements and energy use over 60 years
together, provides further insights in the total environmental impact of the different renovation
measures. The impact related to the energy use clearly determines the largest impact. As a result,
the environmental impact of the renovation measures decreases for renovations with increasing
levels of energy performance (from SR to NZE: -68%).

4. Discussion & conclusions

The results of the Torhout case study are compared to the results of other case studies [2][3][4][5].
The general trend is confirmed: in terms of costs, it is usually not cost efficient to strive for a very
low energy consumption level, due to the higher investment costs — and in some cases the higher
maintenance and replacement cost of the more complex building systems. Taking into account
subsidies allows to flatten the difference. In terms of environmental impact, the more energy that
can be saved by materials and installations, the better.
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Short Summary

Regulations and technological advances over the last decade have led to improved energy
efficiency for new buildings. However much of the existing European building stock has poorly
insulated fabric leading to low energy efficiency and high carbon emissions. In the UK we have a
particular problem with homes built prior to 1930 with un-insulated solid walls. This paper briefly
reviews the multiple barriers to retrofitting solid wall insulation in the UK. It then quantifies the
whole life (operational and embodied) carbon of a solid-walled dwelling, first in its original state and
then retrofitted with one of four solid wall insulation products. The results show that all of the
products modelled repay their cradle to grave embodied energy and carbon costs within 13 months
of installation through the operational savings achieved. The authors conclude that retrofitting with
solid wall insulation can result in considerable whole life carbon reductions. While the barriers
remain considerable, greater understanding of the issues will help contractors, home owners and
developers to make informed design choices.

Keywords:retrofit, whole life energy and carbon, life cycle assessment, solid wall insulation
1. Introduction and background

Buildings account for close to 40% of the energy used in most countries, with space heating still
the main factor. Reducing heating demand through energy efficiency measures could reduce
energy use in the domestic sector by 50% or more [1].

Regulation and technological advances over the last decade have led to increasing improvements
in the energy efficiency of new buildings, with net zero energy due to become the norm in the UK
by 2019. However much of the existing European building stock has poorly insulated fabric
leading to low energy efficiency and high carbon emissions. In the UK we have a particular
problem with homes built prior to 1930 with un-insulated solid walls; 31% of existing dwellings fall
into this category [2] and these are responsible for over 30Mt CO, emissions per year. In 2013 a
financial instrument, the Green Deal, was launched to encourage the retrofit of existing homes.
This is expected to increase the up-take of solid wall insulation in particular.

Although insulation systems have been around for many years, a number of barriers still exist in
the UK. The extra cost of installing external systems due to the additional work required, and the
loss of space from installing internal systems in already small houses, are both considerable
concerns. The lack of expertise and knowledge is an important factor for both installers and home-
owners, as are the valid fears of incorrect installation potentially leading to damp problems. The
Green Deal should go some way towards alleviating the economic barriers, leading to an increase
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in uptake and subsequently a greater experience of and confidence in the technology. As demand
increases, the focus on manufacturers and specifiers will be to produce thinner systems, without a
huge increase in embodied carbon.

The process and materials involved in retrofit also have a carbon impact which needs to be
included in any calculation of savings. This paper models the embodied carbon costs, and
operational carbon savings, from the installation of four different solid wall insulation products.

2. Results, discussion and conclusions

A standard small semi-detached home was modelled in full using the Standard Assessment
Procedure SAP to calculate the operational carbon, and a tool developed in house to model the
whole life embodied carbon from cradle to grave. The results of the modelling are given in the table
below, which shows the whole house operational carbon per year and total embodied carbon for
six different external wall designs. As can be seen, all four solid-wall insulation products have very
low payback periods. In particular it is clear that the embodied carbon of external wall insulation is
low compared to the operational carbon saved over its lifetime.

Table 1: Comparison of external wall options

ID U-value Description Operational  Total Relative Payback
code (W/m3K) carbon embodied embodied (mths)
(regulated) carbon carbon

(tCOzelyr) (tCOze) (tCOze)

2355 2.09 Solid wall, no insulation 3.93 33.23 - -
2356 0.29 Option 1 2.36 34.41 1.18 9.0
2357 0.28 Option 2 2.35 34.65 1.42 10.8
2358 0.26 Option 3 2.33 34.56 1.33 10.0
300 0.20 Option 4 2.27 35.07 1.84 13.3
200 0.25 Cavity brick and block 2.32 32.31 -0.92 -

with 100mm cawvity fill
mineral wool insulation

This paper concludes that the embodied carbon impact of retrofitting solid wall insulation to existing
UK homes is very low compared with the carbon saved during the building’s lifetime. The carbon
payback time is calculated at around one year for each option, with only small variations between
the four products studied. Even with the acknowledged variation between actual energy saved
compared with that as modelled here by the SAP, the payback is likely to be very much shorter
than the lifetime of the product.

There are undeniable technical arguments for applying solid wall insulation, and it is clear that the
take up of this insulation should be encouraged for the large proportion of solid-walled UK homes,
in order to reduce whole life carbon emissions from the building stock. While the barriers remain
considerable, the increase in uptake which is likely to result from the Green Deal will lead to
greater understanding of the issues, which in turn will help contractors, home owners and
developers to make informed design choices.
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Short Summary

Scope of the paper is the system declaration and improvement of environmental properties of the
prefabricated TES EnergyFacade retrofit system on product level [1]. It is the fundamental step
towards the description of ecologic quality of a smart envelope refurbishment method. The task is a
comparison of various dependencies between the technical requirements and the material effect,
which is relevant for the environmental characteristics. The outcome shows a high influence on
environmental impacts result from different technical and functional requirements to facade
elements.

1. Introduction

The main objectives for a practical application of reduced environmental impact of prefabricated
facade elements are defined by Konig et al. in [2]. The impact for the most influential life cycle
phases — production and end-of-life — has to be quantified for sustainability benchmarks. This
information is required in certification systems and supports decision making. All relevant
considerations are evaluated and optimized for the finding of relevant design patterns. Hence the
aim is at demonstration of the constructive measures of the parts of the timber facade system.

2. Methodology

Life-cycle optimized construction systems have four important basic requirements: the objectives
are to maximize the lifespan of important components such as the primary structure, minimizing
the flow of material, increase the possibility to reuse and recycling, as well as maximize the
decommissioning. In a poly-hierarchical model, input parameters are connected with the
requirements and critical dependencies from the impact of the choice of material are derived.

3. Results

The results focus on the material input and related burdens and benefits. A major goal is to
compare the full systems with the benchmark of the conventional retrofit systems for facades. It is
taken also on the bandwidth of the inflows of primary energy and the outflow indicators for the
global warming potential. Moreover, very good and very bad solutions can be identified and better
appreciated. The averages for the primary content and the global warming potential give important
indications of the performance of the entire system. They are also orientation values for the edging
areas of the spectrum and the degree of deviation.

4. Conclusions
The TES system is analysed to, which features most of the modernization projects are sustained

and what features constitute individual solutions. This inquiry is necessary to be able to use the
catalogue of requirements for all projects as universally as possible. The dominant parts of the

SB13 Graz



37

system have not the highest environmental impacts. Rather, they make a positive contribution to
the environmental impact by saving a high percentage of carbon. This remains very similar in
various construction structures, as the dominant shares are of renewable resources. But right
selection of structure and insulation material can influence the positive properties of TES
EnergyFacade to a large extent.

Keywords: Refurbishment; energy and resource efficiency; system declaration; environmental
product declaration; environmental impact; life cycle assessment; reference service life;
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Short Summary

The renovation of old buildings is actually the challenge to cope with increased effort in order to
reduce climate global change, channeling more investment and awareness in this sense, defining
more experimentations and find innovative solutions. The difficulty of carrying out an intervention
on the existing buildings necessarily arise from the lack of information on the existing structure and
the lack of coordinated processes between the multidisciplinary skills involved, as well as a difficul-
ty to optimize the process that would make it even more competitive on the renovation work in-
stead on the new construction.

Naturwall is an innovative energy saving system for existent buildings by using wood in multifunc-
tional components able to mitigate the environmental effort in building management. The project
meant to introduce an industrialized design method in the renovation of existing build environment
that highlights opportunities gave by "off site" production and parametric design approach, without
neglecting the aesthetical values and the possibility to change the architectural image of residential
and non residential constructions. The project aims to create a representative model of solution
that will be promoted in Italy and widespread in other similar context.

Keywords:wood, prefabrication, retrofit, building, urban renewal, renovation,

1. Introduction

Renovation is the key issue of recent European policies about energy saving. The renovation of
existent built environment is driven by new European rules and projects on building efficiency. The
recent Smart City program, EU climate action "20-20-20" or the last EPBD directive 2002/91/EC
are promoting initiatives in the field of renovation, introducing new issues and perspectives in the
use of materials and components performed for this goal.

The aim to achieve energy saving in buildings is a complex process, especially if buildings are very
ancient. From the last report of Buildings Performance Institute Europe (BPIE), about the situation
of building sector in EU 27 [1], is shown about performances of building stock the amount of old
construction characterize by poor energy saving potential.

2. Naturwall — a sustainable way for the envelope retroffitting

The target of the Naturwall method is primarily focused on the building's energy efficiency
improvement and as direct consequences in the reduction of GHG emissions. “Energy efficient
buildings poses special demands on the quality and performance capabilities of the facade” [5] In
the field of renovation and refurbishment high energy retrofitting results and greenhouse gases
reduction could be achieved by using multifunctional facade systems. Smart facade solutions using
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the surface of the building envelope as “active skin” confirm the increasing number of experience
in this sense (TES EnergyFacade, enVELOP system, PHI-Wood fagcade, GAP fagade system,
etc..).

2.1 Multidisciplinary integrated workflow

The aim of this project it’s to propose a reflection about the opportunity gave by using industrialized
system in the retrofitting approaches in urban spaces. The situation of the context, especially in
real urban dense areas, is very important to define a strategy that conceive the operative condition
and time costing of the retrofit operation. One of the purpose of this research is the connection
among design phase and construction, through the re-organization of the whole process - digital
measurement — planning off-site fabrication — on-site assembly - describing the instruments and
phase necessary to bring the renovation to the end, evaluating all the issue and pay-back return.

3. A refurbishment case study in Piedmont

Naturwall becomes a real program of intervention within Territorially Agency of Home (ATC)
endorsement that has sustained our initiative permitting to develop a case study model to verify the
feasibility of this retrofit process. Chose the building more responsive to the average
characteristics of the buldings made in the post Second World War period, we define a smart
requalification process that combine Naturwall with other renewable systems to reduce the impact
of those buildings towards near zero goal.

4. Conclusion

Naturwall is a retrofit technological system that means to achieve energy savings objectives in the
next years. Our building needs a restoration process to upgrade their performances and reduce
the management costs and impact on the environment. With a preliminary study on the existing it’s
possible to make a frame for the requalification process, inside of which can be constructed work
scenarios, finding the best solution for restoring, quantify the added value of regeneration.
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1. Short Summary

Calculations carried out for renovations of generic single family buildings in Austria, Denmark,
Norway, Portugal, and Switzerland show that the most significant and cost effective reductions on
greenhouse gas emissions and primary energy use are obtained by switching to a heating system
based on renewable energies, yet that significant synergies exist when combining this with energy
efficiency measures on the building envelope.

Keywords:Building renovation; cost-effectiveness; greenhouse gas emissions; energy efficiency;
energy need; renewable energies; reference buildings; life-cycle-costs; insulation
measures; renovation packages

2. Abstract

Energy use in existing buildings is a major source of energy consumption and greenhouse gas
emissions in Europe. Until now, related standards and regulations have mainly focused on energy
efficiency measures reducing energy need; however, measures based on renewable energies
might to some extent reach environmental objectives more cost-effectively. Consequently, there is
a need to investigate the balance between these two types of measures, and related implications
for target setting in standards and regulations.

Calculations were carried out with a tool taking into account generic building characteristics of
residential buildings in Austria, Denmark, Norway, Portugal, and Switzerland, related climate
conditions, prices and emission factors of different energy carriers, as well as costs and effects of
different renovation measures comprising both measures reducing energy demand and measures
to use renewable energy. Results of these calculations show that a combination of measures
reducing energy demand with measures to use renewable energies does not lead to large
differences in terms of cost-optimal efficiency levels of the building envelope, compared to a
situation when the energy carrier remains unchanged. At the same time, calculations show that the
number of building elements included in building renovation determines energy performance of the
building and cost-effectiveness of the building renovation more than the efficiency level of a single
building element. Furthermore, a switch to renewable energy sources has been found to reduce
emissions more strongly than energy efficiency measures.

As heating systems based on renewable energies usually have lower operational energy costs
than conventional heating systems, it could be expected that the cost-optimal energy efficiency
level of the building envelope is already reached at a lower ambition level, if a switch to renewable
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energies is carried out. However, the results show that if measures reducing energy demand are
combined with a replacement of the heating system, there are to a large extent synergies and not
trade-offs between measures reducing energy demand and renewable energy measures, as
demand side measures reduce peak capacity of the heating system which reduces costs more
strongly for renewable energy systems than for conventional heating systems. It can also be
shown that in order to reduce the impact of buildings on primary energy use and greenhouse gas
emissions, it is advisable to promote the renovation of several elements of the building at the same
time and in particular to switch also to renewable energies, rather than setting higher energy
efficiency levels for individual building elements.
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Short Summary

From housing built to tackle a social emergency, identifiable in the dwellings of the Economic and
Popular Construction (Edilizia Economica e Popolare - ERP) built in Italy during the period 1950-
1970, social housing is acquiring ever more importance as the potential user group enlarges and
becomes instable as a result of the ongoing crisis which in ltaly has damaged the economic
possibilities of the lower-middle and middle classes. The existing stock requires urgent
redevelopment that demands economic resources, but because of the ongoing economic crisis
and the consequent changes around the concept of the social state it is no longer possible to
consider financing for social housing as an exclusive burden of the public administration. It is
necessary therefore to understand what might be the best way to attract potential parties willing to
invest resources in a sector traditionally considered as non-remunerative.

Keywords: Social housing, energy management, economic and financial processes, public-
private partnership

1. Introduction

The strategies useful for the redevelopment of social housing in Italy have to consider the
relationship that exists between the conditions of the housing stock, the growth of the user group
and the economic and financial possibilities of those who intend to operate in the sector.

2. Social housing in ltaly
2.1  The conditions of the housing stock and the resident users

The majority of the dwellings that can be identified in Italy as social housing and mostly
constructed in the period 1950-1970 are in a condition of disrepair and require extensive
redevelopment. The environmental emergency also makes it necessary not just to redevelop in
relation to the starting performance, but also to adapt to the new energy standards required.

In ltaly, the ongoing economic crisis has been particularly damaging for the social group of the
lower-middle and middle classes. The collapse of the economic capacities of the middle class has
led to the birth of a new category, identifiable as “grey users”, who possess discontinuous
economic capacities depending on what is happening in the labour market, and is not always able
to access the housing market. This category of users falls within the group that is potentially the
target of social housing, increasing its numbers and creating a new social emergency.

2.2 The crisis in the building market and the scarcity of resources in the public
administration

The need to build and manage dwellings destined for social housing in Italy has always been
resolved through the use of non-repayable funds provided by the public administration. Today
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these resources are dwindling, and the public administration on its own is unable to employ the
resources necessary to solve the problem. Turning to forms of public-private partnership is
therefore necessary. The few resources available at public level, being part of the so-called
“structured funds” or of the “Cassa Depositi e Prestiti” (Deposits and Loans Fund) are not able on
their own to sustain decisive interventions. Their presence therefore has to be linked to other
possibilities operating at the economic level, which might include the intervention of private
investors interested in operating in the sector. It is therefore important to try to understand what
elements might attract private investment and in what way these investments might be managed.

3. Possible strategies. From the consumption of energy as a problem
to production as a resource

3.1  The new operators in the energy market

The themes of energy saving and management are arguments that are increasingly accepted and
understood by the collective. The concept of the building as a consumer of resources is something
that is strongly rooted and extended to all the measures connected with the term energy saving.

One possible means to attract investors interested in the social building sector is that of
considering the building as a producer of energy resources, and no longer as a consumer of the
same. The final objective is that of planning the redevelopment of social housing freeing itself from
the conditions of being a user, investing in other sectors such as that relating to energy
management. The figures potentially able to operate in this sense are those that operate in the
energy market, such as the ESCOs (Energy service companies). These are private companies
which invest by paying the costs relating to the intervention, and waiting for an economic return
deriving from the management of the same. A case study in this sense was carried out in the
setting of the FRESH project with a pilot study in the municipality of Reggio Emilia in which the
energy redevelopment of a residential building was supported by the intervention of the ESCO.

4. . Self-reliance and economic sustainability
4.1 Incentivising economic sustainability; the Funds

The forms of public-private partnership with the help of ESCOs need suitable instruments to be
able to overcome the risks and difficulties connected to their activities, above all, the lack of
guarantees on investments made in a sector of public interest.

The Funds of the Cassa Depositi e Prestiti (revolving Kyoto fund, EEEF) represent an instrument
capable of supporting possible initiatives and reducing the risks. The concept of economic
sustainability passes through a phase in which the possible initiatives have to be incentivised to
allow their successive large-scale diffusion, as has happened in general with the production of
energy from renewable sources, which has gown in ltaly in the last few years very quickly and
extensively.
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Short Summary

The IBO catalogue of passive house details for refurbishments [1] is a comprehensive resource for
solutions for refurbishments tasks. Construction and connection details, checked for their physical,
ecological and technical properties, are offered to designers, the building trades and producers of
building materials. Typical refurbishment tasks like roof space conversion, basement drainage,
facade renovation are treated systematically. Ecological and hygienic aspects are pivotal for the
evaluation of innovative solutions. This paper uses examples of fagcade and basement renovation
to demonstrate the comprehensive approach used in [1].

Keywords:deep renovation — passive house details — ecological amortisation - hygienic aspects

Introduction

Refurbishment of existing buildings to comply with the passive house standard or refurbishments
using passive house components may lead to savings in terms of heating demand from 75 % to
90 %. Conventional refurbishment will realise less than half of this potential. Refurbishment with
passive house components guarantees a marked improvement of physical safety in terms of
condensation and mould development.

Results

Building tasks

Treated are buildings from the 19" century to the 1980s, mainly in central Europe with a focus on
Germany and, especially, Austria. Fig 1. shows an example of a refurbishment detail in 2 variations
for a building built before 1918 with solid brick outside wall and vaulted ceiling.

Fig 1. Example of a refurbishment detail: detail with 2 variants for a building built before 1918 with solid brick outside wall and
vaulted ceiling (Notice: Variant basement floor insulation is insulated on the perimeter only at those parts of the basement wall which
are in contact with outside air.)

Example: Ecological amortisation in fagcade renovations

For an outside wall thermal insulation one may consider rear ventilated or composite (ETICS)
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systems, plastered or non-plastered systems, glued or mechanically fastened systems. Systems
may differ in

= |evel of prefabrication

» fastening technique (glued or screwed)

» flatness tolerance and tolerance for adhesiveness of existing surface
A detailed evaluation in building physics and ecological issues is given for different kinds of
constructions and insulation materials. Expenditures for production of refurbishment components
are to be balanced against achievable heating energy savings resulting from minimized heat
transmission losses (fig 2).

global warming potential, insulation system with plaster, R = 7,5 m2K/W global Warming potential
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Optimum values of insulation material thickness in EPS ETICS are beyond 50 cm in most cases.
Only with wood pellets heating and CO, neutral combustion there is a minimum of expenditure at
35 to 45 cm insulation material thickness. Thermal insulation with EPS, an ecologically less
favourable insulation material, should be applied with thicknesses required for the passive house
standard. Optimum thickness is even higher with insulation materials that carry more favourable
ecological expenditures of production.

Example: cellar climate and optimisation of insulation measures
low moisture penetration higher moisture penetration

I 80
&0
40
20 :
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Fig 3 : Water content with lower or higher moisture penetration and an air exchange of 0.1/hr (1 January)

Capabilities of a cellar to store goods and also regarding risk of mould development the variant
with umbrella-type insulation is preferable. The variant with basement insulation is most
unfavorable, the unrefurbished initial state is in a middle position.
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1. Introduction

Schools were mostly built from the 1950ies to 1980ies. Beside educational aspects these existing
school buildings are in high need of renovation. While in rural areas an increasing number of
schools are closed down, the urban areas lack of space for the increasing numbers of pupils in
consequence of growing populations in the cities. So school renovations are often municipality
driven projects, they claim governance and expert advice. The renovation process should raise
both energy efficiency by high performance retrofit strategies and thermal comfort by proved
solutions for ventilation and protection from heat. School owners and users demand short
renovation time, high indoor environmental quality and summer comfort of school renovations.

A transnational research approach to strategies and solutions for school renovations was made by
the European ERACOBUILD-project SchoolVentCool.

2. School renovation strategies

Comprehensive and holistic renovation strategies follow an “Integrated Design” approach that
covers all relevant aspects. In many cases the influence of the location and infrastructure, the
indoor air quality, overheating challenges or even educational aspects are not included or
discussed within the renovation process. This is suited for a change and was one of the outcomes
of SchoolVentCool as shown in Figure 1 [1] — renovation of the school building stock starts with the
Scope and ends up with Best Practice school renovations.
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__Figure 1 The SchoolVentCool methodology approach
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At the classroom level, visual, thermal, humidity comfort and air quality (olfactory comfort)
regarding best classroom indoor environment and learning ability are crucial requirements.

2.1 School building typology (setting “specific req uirements”)

Analysing the typology of school buildings, a lot of similar constructions appear.[2] Conformities
exist in facade structure, floor number, classroom dimension, window area, entrances, staircases,
other facilities. The typology work distinguishes general from focus types, whereas the general
types are mainly characterised by the number of stories and the type of facade, the focus types by
e.g. window area, parapet, lintel and room heights regarding a specific interest like space for
ventilation ductwork etc.

2.2 Prefabrication (intelligent “measure”)

Renovation often means disturbance of the building’s users, individual and error-prone
construction works and dependence on weather conditions. Prefabrication is a very interesting
aspect to overcome this challenge. The module manufacture is weather-independent, the
construction works on site are short and can be made during summer when pupils are out. The
critical path for school buildings is the air ducting system because of the high air volume needed in
the classrooms.[3]

2.3 Passive Cooling (important “measure”)

Existing school building stock is mostly equipped with big window areas without acceptable thermal
and shading standard. Thermal analyses have shown that thermal standards for summer comfort
will be very important in future especially thinking of “summer- / all day schools” [4]. Calculations
have shown that the worst case in renovated schools could be one quarter of a year with
temperatures above 26< in the classrooms, includin g summer holidays. Passive cooling concepts
have to include “intelligent” shading control and (night free) ventilation systems to avoid
overheating. Manifold studies during the last decades have shown that ventilation is a vital aspect
in getting classrooms to high indoor air quality (IAQ) standards, ensuring pupil’s health and their
ability to concentrate during lessons. The way to appropriate ventilation solutions is again
determined by the existing school building typology and IAQ criteria. A design criteria list weather
centralized or decentralized mechanical or hybrid / natural (including night-) ventilation is best,
helps for the decision making process.[5]

3. Conclusion

If the scope is clear and the master-plan for the existing school sites done, a range of solutions for
school renovations based on typology can be found. Prefabricated wooden elements or the use of
modular design components are very promising ones to raise renovation standards.
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Short Summary

Latvian Energy Development Guidelines for the years 2007-2016 define that heat energy
consumption should decrease by 28%, but by 40 % in the time period up the year 2020. Big heat
energy demand in buildings is part of Latvia’s heritage from the Soviet era. Our analysis shows,
that partial renovation: heat insulation of buildings with windows change, does not give heat energy
consumption economy as established.

Another target of this study was to evaluate indoor air pollution in kindergartens.

Keywords:Kindergartens; IAQ; VOC.

1. Introduction

Local Latvian laws are based on significant decisions of the European Parliament and European
Council [8],[9],[10],[11]. Building and reconstruction must also be provided by the IAQ framework
requirements [1],[2],[3].[4].[5].[6].[7].[12]. But does this apply to all cases? We will provide the
answer in the present article. We have reflected and compared the results of our investigations on
the IAQ in relationship to heat energy consumption in unrenovated, renovated and newly erected
kindergarten buildings.

Reconstructed, old natural ventilation and mechanical systems do not provide the necessary air
exchange and quality.

2. Materials/Methods

In this study we used MINILOG GSOFT 40K V7.80 (air temperature logger), EASYLOG 40RF
GSOFT 40K V7.80 (air relative humidity logger) and Wéhler CDL 210 version 1.1.6 (air tempera-
ture, relative humidity and carbon dioxide quantity) loggers. Loggers have been used in kindergar-
ten rooms approximately 1.5 m above the floor. The gas chromatographic (volatile organic com-
pounds — VOC expressed as carbon) and high-pressure liquid chromatography (aldehydes) meth-
od was used for the air pollution investigation. The air polluting substances were absorbed in char-
coal tubes in the case of VOC and silica gel cartridges treated with 2,4-dinitrophenylhydrazine
(DNPH) in the case of aldehydes.

3. Results

SB13 Graz



51

We detected indoor air polluting substances — aldehydes (formaldehyde 0.023+0.005mg/m3;
acetaldehyde 0.015+£0.003mg/m3; benzaldehyde 0.004+0.001mg/m3; propylaldehyde
0.0031£0.001mg/m3) and volatile organic compounds expressed as carbon 0.56+0.11mg/m3 in
kindergartens in the case of floors covered with linoleum and with plastic windows without a
ventilation system.

Poor and unconformable IAQ indicate the necessity to make ventilation systems according to
current building legislation.

Partial renovation of buildings has not decelerated heat energy consumption and has not
enhanced the IAQ to the required level.

4. Discussion

Intensity of heat energy consumption per annum in unrenovated kindergarten building is less than
in the other conditions of buildings. The partially renovated kindergarten building has an indoor air
temperature that is lower than defined in many cases. In all cases, indoor air temperature has the
property of mimicking changes in outdoor air temperature. This has been indicated on an
unbalanced heating control unit. Indoor relative air humidity is for the most part lower than the set
standards. Ventilation systems without air humidifiers are responsible for the cause and effect.
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Extended Abstract

In many cases the question arises, how and where to start with the energetic optimisation and high
guality rehabilitation of complex, large-volume non-residential buildings like hospitals, universities
etc. Usually, an energy audit is carried out, measures are defined by an expert and a decision
making paper for the management is worked out.

A completely different approach offers Re-Commissioning: a systematic approach to examine
existing building equipment systems, their operation and maintenance procedures and — highly
important — communication and interactions with facility building management staff and occupants.
Through Re-Commissioning the first 10% of the energy bill can be saved without immediate
investments. Staff is trained in energy efficiency and the users are motivated to change their
behaviour and contribute with own ideas to smart energy savings. The process and the first
successes lead to a higher energy consciousness and the desire for greater savings. Investments
into comprehensive refurbishment measures as a result of an internal evaluation process are more
likely to follow.

The process follows a standard Plan-Do-Check-Act management cycle; it is compatible with
energy management systems as described in ISO 50001 and builds on 5 key components:

1. Establishing an energy information system

2. Data analysis and selected measurements

3. Optimisation of existing building technologies

4. Information and motivation of building occupants

5. Monitoring and quality assurance instruments of the project results

In the “Re-Co.eu” project', energy efficiency engineers, economists and marketing experts from 10
partners are joining forces to develop Re-Commissioning services and markets in 8 European
countries and test the feasibility of the concept.

! Supported by the Intelligent Energy Europe program of the EU

SB13 Graz



53

In our speech we will summarise Re-Commissioning services, components and tools (e.g. process
flow, pilot project log, data base for measures implemented and the measurement and verification
approach). We will report on preliminary results of selected pilot projects implemented in hospitals
and universities, show examples of successful measures and strategies and how these results are
communicated to stakeholders.

We will conclude with the lesson learned that for the achievement of sustainability in large-volume,
non-residential buildings a comprehensive approach is necessary. Besides high-performing
building technologies the continuous adaption and optimisation of the technology, the
communication with the staff and the integration of energy efficiency in management routines are
important elements.

Keywords: Re-Commissioning; www.Re-Co.eu; large-volume buildings; energy management
system; energy efficiency
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Extended abstract

Increasing energy consumption in buildings was leading to greater awareness of energy
conservation and to rising energy efficiency. The highest potential for thermal optimization lies in
renovating existing buildings. Due to the fact that many buildings are listed worthy of preservation
renovating the historical facade with a thermal insulation system is obsolete. Therefore interior
insulation is gaining tremendous importance and many research institutes, planers, executives and
consulters are busily engaged with the process.
Hereafter the planning process of interior insulation systems and related questions are discussed.
At the beginning the correlation of significant planning parameters are analysed. Subsequently the
theoretical planning process is demonstrated by a case study. The approach is based on the
specifications of the "Framework for Probabilistic Assessment” according to the IEA Annex 55.
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The planning and evidence
of internal insulations can
be divided into different
levels of complexity. This
ranges from the entire
building  to individual
components and specific
connection details. At the
beginning of a project the
targets and the
performance criteria as
well as the consequences
of these criteria must be
considered as shown in
the figure on the Ileft.
These parameters are
based on the existing
conditions and the
general information
about the building to be
retrofitted. From the results
of a building survey
retrofitting strategies can
be assumed.
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Once the systematic building survey has been completed and the different influencing parameters
have been weighted by importance the risk assessment can be carried out. Thus the risk of
damage of a construction is recognized. On the basis of life-cycle costs different alternatives of
renovations and interior insulation systems can be compared. For constructions with a high risk
potential higher restoration costs have to be assumed. These higher costs will negatively affect the
life-cycle costs.

In order to determine the risk of damage of an internally insulated construction the combination of
different boundary conditions and influencing parameters has to be taken into account. In addition
to the uncertainty of climatic boundary conditions especially material parameters vary significantly.

The second part of the paper deals with the choice of the right
simulation geometry and the right boundary conditions.
Various calculation models are described.

The case study of a wooden beam head on the right shows
the impact of different 3D-simulation methods. The beam is
situated in a brick wall. At the bearing the wood is surrounded
by air. The interior insulation system consists of mineral wool
with an air-tight layer on the inside. The simulations were
carried out with COMSOL Multiphysics. Temperature, relative
humidity, partial pressure and the air flow were evaluated. In
three different calculations the same model was simulated
using different boundary conditions.

The first figure on the right shows the easiest way to calculate
the 3D model. Only vapor diffusion and heat transfer are
taken into account.

The second figure on the right shows the same model but
with consideration of air flows through a gap in the
construction. The static thermal pressure difference is also
taken into account.

Comparing the two models one can see the impact of air- -
flows through constructions and the wide range of
simulations’ results. It shows that considering or neglecting a
single parameter in a simulation can cause completely
different results. Therefore it is very important to evaluate all
parameters. In the paper the influences of some other
boundary conditions are described.

The risk for rotting and mould growth can be minimized by
selective temperature control in the joist’'s bearing. A patent
for temperature control of the wooden beam’s end which was
invented by the Research Center of Buildiing Physics and
Sound Protection of Vienna University of Technology will be
offered in the presentation. The third figure on the right shows
the effect of the temperature control. The temperature level is
raised at the joist’s bearing. So the relative humidity can be
kept low in order to avoid rotting.

" > 9 @® o

In the future, the evidence of the durability and the
functionality of interior insulation systems should be based on
a probabilistic safety concept. The basics such as the
formation of probability distributions of material parameters
and climatic boundary conditions are currently being
processed. By using probabilities the retrofitting costs and life-
cycle costs can be estimated in a better way.

Keywords: Interior insulation; building component tests; wooden beam head; risk assessment;
life cycle costs
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1. Need for advanced renovation techniques

Europe’s built environment consists to a notable extent of buildings established in the early 19™
century to the mid of 20™ century. The box type window (BTW) was the dominant window
construction system in central Europe for that time. Today in Germany and Austria still more than
100 million of BTWs can be found as essential components of buildings” facades.

Because of their constructional design BTWs can easily be renovated in accordance to the
requirements of heritage protection.

Renovation of BTWSs, especially improvement of their thermal performance reduces the energy
consumption as well as the embodied energy otherwise spent on new windows. In addition the
change of BTWs in modern windows would cause a crucial impact on the appearance of historic
European cities. The development of advanced renovation techniques requires a detailed
understanding of thermal behavior and flow characteristic inside BTWSs. This paper is concentrating
on simulation of the some promising renovation concepts for traditional BTWs.

2. In situ measurement of two box type windows

In situ measurement was used for monitoring the thermal behavior of a refurbished BTW and an
improved BTW (Fig. 1, (1)). The windows were located in one of the reference objects of the
Austrian research project denkmalaktiv | [1].

Several sensors were installed to measure temperature, humidity, air flow and global radiation. For
the validation of the simulation results four temperature sensors were used. The sensors were
attached to the window glasses as well as placed inside the BTW's cavity (Fig 1, (2) and Fig 1, (3)).

3. Numerical simulation of flow characteristics

While measurements provide only values for installed test points, Computational Fluid Dynamics
(CFD) can give a deeper view inside the thermal behavior of BTWs. Main goal was to reproduce
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the physical behavior for the inner cavity of the BTW. All simulations of this study were
accomplished by the use of the CFD software called ANSYS Fluent [2]. The computational
simulation included the numerical reproduction of air flows, buoyancy effects, energy balancing,
thermal conductivity as well as the consideration of long wave radiation. A two dimensional CFD-
model including the BTW itself and the surrounding was developed (Fig. 1, (4)).

In a first step the convective air flows inside the BTW cavity were determined. In the second step
the determined temperature profiles were compared with the measurement results. Based on that
evaluation of the refurbished BTW (A), four models representing promising concepts for the
thermal improvement were developed: (B) a gasket frame for the inner casement, (C) insulated
glass for the inner casement and thermal insulation for the shutter box, (D) an additional interior
casement and (E) a vertical airproof divider within the cavity.

4. Summary of results

The simulation model was able to reproduce the thermal behavior and showed a comprehensible
flow characteristic. The expected temperature stratification in the inter cavity for a cold night in
winter can be seen in Fig 1, (4). The circulation between the cold external window pane and the
warm internal window pane was highly influenced by the design of the window joints between the
frame and the casement.

The enormous influence of solar radiation on the convective flow and the temperatures was
indicated by high temperature peaks inside the cavity. This was confirmed by the in situ
measurements in accordance to the simulation results.

The computed temperatures for the refurbished window (A) showed a good correlation to the
results of the corresponding measurements.

All investigated renovation concepts influenced the flow characteristic and the temperatures and
obtained an improvement in the thermal behavior. Exchange of interior pane by an insulated glass
as well as the integration of a thermal insulation for the shutter box (C) had the best performance
of all. The concepts with the additional interior casement (D) and the vertical airproof divider (E)
also showed a significant improvement in their thermal behavior. The BTW's thermal behavior was
slightly improved by the installation of an gasket frame for the inner casement.

Fig. 1: (1) south fagade of the historical building Schénbrunngasse 30, Graz, including a refurbished
(A) and an improved (B) BTW, (2) and (3) pictures of the BTW and details about temperature
measurement build up, (4) illustration of temperatures and air vectors for the upper and lower
region of the inner cavity of the refurbished BTW (A).

5. References
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Short Summary

Building refurbishment is essential to achieve the targets defined by the Energy Efficiency in
Buildings Directive recast regarding energy efficiency, reduction of carbon emissions and use of
on-site renewable energy sources. Besides the energy efficiency the Indoor Environmental Quality
of Buildings and environmental impact must also be considered when planning a refurbishment
project. Thus to propose an effective building rehabilitation is necessary select the adequate
construction solutions taking into account their impact on the energy performance, thermal and
acoustic comfort, indoor air quality and environmental impact of the building. In this work a
multi-criteria decision analysis method is applied to balance all these aspect, during the design
phase of a refurbishment project, in order to assist the design team on the selection of construction
solutions.

Keywords:Refurbishment; Thermal behaviour; Acoustic performance; Energy efficiency;
Multi-criteria decision analysis

1. Introduction

The rehabilitation of the building stock is an opportunity to achieve the Energy Efficiency in
Buildings Directive (EPBD) and the "EPBD recast" goals (reduce the energy needs and the
European Union energy dependency as well as the greenhouse gas emissions) [1, 2]. In Portugal,
80% of the building stock was built before 1990, year of the publication of the first Portuguese
thermal regulation, leading to high levels of thermal discomfort and excessive energy consumption,
as the majority of the existing buildings was built without any thermal concerns and shows very
high energy consumptions even when minimal comfort conditions are required [3].

To correctly select the rehabilitation construction solutions it is necessary to consider their
contribution to the energy efficiency, and indoor environmental quality (thermal, acoustic and visual
comfort, the indoor air quality), its environmental impact, etc.. However, these goals are often in
conflict and there is not a unique criterion that describes the consequences of each alternative
solution adequately and there is not a single solution that optimizes all criteria. Thus to propose an
effective building refurbishment is necessary to select the adequate construction solutions and
materials taking into account their impact on the energy performance, indoor environmental quality
(IEQ) and environmental impact of the building.

Multi-criteria decision analysis is an important tool in such problems, since it can be used in any
location and employs mathematical models that evaluate alternative scenarios, taking into account
both their objective characteristics and the preferences of the decision makers regarding the
objectives and constraints of each project.
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The aim of this study was to select the materials and construction solutions to refurbish the facade
walls of a building.

2. Methodology

The case-study building to be refurbished is a detached single family house, from the 1980s. The
building is a single residential unit with two bedrooms, north oriented, with 54.42 m? and 2.44 m of
floor to ceiling height. The construction system is a low cost construction system based on a steel
reinforced concrete pillars and beams structure, single pane hollow concrete block walls (CMU)
and clear single glass with aluminium frame windows with PVC (Polyvinyl chloride) roller shutters.
The window to wall ratio is roughly 20%.

ELECTRE Ill (ELimination Et Choix Traduisant la REalité - ELimination and Choice Expressing the
REality) was the multi-criteria decision analysis method selected to the evaluation of the alternative
solutions for the facade walls as it takes into account the uncertainty and imprecision, which are
usually inherent in data produced by predictions and estimations [4]. The use of ELECTRE Il can
also systematically analyse expert judgments on the decision factors and alternatives that can
rationalize the selection process.

The criteria selected in this study (thermal and acoustic insulation, embodied energy, superficial
mass and thickness) are related to the most important characteristics of the IEQ and are
mandatory (the thermal and acoustic comfort). These criteria were also selected because it is
possible to predict them in an early stage of the design phase, are under the designer scope and
are the issues that are also the most valued by the users of the buildings. The embodied energy,
the weight and the thickness of the solutions are also relevant as they affect the environmental
impact, the structural design (and the thermal inertia) of the building and their useful area.

3. Conclusion

Throughout the multi-criteria analysis performed, it was possible to verify that the refurbishment
solutions with ETICS (External Thermal Insulation Composite Systems) system, with low U-value
and embodied energy and higher superficial mass were ranked the best rehabilitation options.

The solution with cork and a second hollow brick pane, that presents the second lower U-value,
the higher acoustic insulation and a high thermal mass, was ranked third.

The existing solution with the worst thermal and acoustic performance and the ventilated walls,
with the lowest U-value, high thermal mass, with the second and third best acoustic insulation, but
with the higher embodied energy were ranked last.

The best ranked options were not the ones that had the best performance in the criteria with high-
est weights. This example shows that applying this methodology, due to the use of weights and
thresholds, the best action is not the one associated to the highest weight, even if it is the one that
has the best performance in that criterion.
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Short Summary

The objective of the paper is to describe a stochastic model that has been developed to obtain load
profiles for household electricity. For the study, several profiles have been generated in order to
simulate the electrical demand of a residential building block or neighbourhood and evaluate the
uncertainty of its energy use. The paper is divided in three different parts: development of the
model, validation and determination of the uncertainty demand. In the first parts the basis of the
model and how it works is explained. The second one represents the validation of the model, the
input data and its results. The last step is focused on a statistical analysis of the electricity demand
of a block of dwellings to evaluate minimum number of dwellings needed to estimate the average
demand representative of the Mediterranean dwelling with different levels of accuracy.

Keywords: stochastic model; electric load; residential building; Mediterranean regions; cluster of
buildings

1. Introduction

The study has been carried out using mainly the data from the SECH-SPAHOUSEC project [1],
where there are a detailed characterization of the energy use of the residential sector in Spain. In
this paper, the results are related to Mediterranean region and for block of apartments.

2. Results and discussion

The model is able to generate random profiles of electric consumption for a dwelling or several
dwellings, with preservation of important qualitative features (Fig. 1). The load profiles are realistic
and their annual consumption is consistent in comparison to Spanish data and from other
European countries. However, analysing the results in detail there are slight differences between
the simulation and the reference data. The reasons could be due to the limitation of the model: 1)
the technical parameters of the equipment are constants over time. 2) Although the input data
(hourly consumption of each equipment) takes into account the length of the cycle, in the model
there is no relation with the previous hour and the duration of the cycle is not simulated.
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Fig. 1 Hourly electric consumption for a winter week. Example output of the model, two random
dwellings and the mean dwelling (reference data).

A statistical analysis of the uncertainty of the electrical energy consumption of Mediterranean
dwelling is done. The objective is to evaluate how to reduce the uncertainty in the energy
consumption choosing the adequate size sample of dwellings during the design process. The Fig.
2 shows the distribution of the annual energy consumption simulated for different sample sizes.
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Fig. 2 Distribution of the annual energy consumption for dwelling, increasing the number of dwell-
ings. In the right table, the statistical values of each sample.

The use of this type of models is a good tool that could help to reduce the uncertainty of the energy
consumption of the residential sector, improving making decision process in the early stage of
refurbishment projects.
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Short Summary

In a contemporary perspective, the building refurbishment is no longer indifferent to technological
innovation and energy efficiency goals. The photovoltaic (PV) integration becomes a possible way
for design in “sensitive contexts”. The research proposes, within a wider strategy of sustainable
reconstruction, some experimental projects for urban voids rehabilitation in minor historic villages
hit by earthquake. The developed case-studies demonstrate possible and affordable ways for
integrating PV within urban/architectural innovative zero-energy concepts in sensitive areas.

Keywords: BIPV, historical centers, refurbishment, reconstruction, photovoltaic.

1. Introduction

The refurbishment of many historical villages abandoned or hit by earthquake, is today an issue of
vital relevance in Italy and it is a complex and multidisciplinary field of research, in which the focus
on sustainability can be recognized as a potential scenario of common development. Despite the
current background often directed to demagogic “in style” interventions, an innovative way of re-
search is aimed to rethink these settlements in relation to a “sustainable” return to life in next years
that can't neglect the topic of energetic efficiency, both at building and urban scale. Unfortunately
the less physiological “measurability” of some factors involved and the greater disciplinary com-
plexity are an actual barrier and too often the premises are discouraged, determining an inactive
and dangerous tearing between sectors. The first objective of the ongoing research path, begun
some years ago, has been the definition of the main forms of compatibility among PV systems and
the wide range of environmental, landscape, historical and material values of these places. In a
contemporary perspective, no longer uncaring of environmental topics, so, PV integration can be
recognized as one of the key-aspects for a more responsible design in “sensitive contexts”. The
goal of the presented research, following other studies already made about methodology of BIPV
(Building Integrated Photovoltaic), is to experiment the real PV compatibility (in historic villages hit
by earthquake of 06.04.2009 in Italy) through the development of case-studies regarding the urban
voids rehabilitation. The study takes into account 3 different areas within a village, considering dif-
ferent historic and landscaping scenarios. The use of PV is conceived not only as an energy goal
but also as a part of a wider and more complex refurbishment project that is characterized by archi-
tectural distinguishability with ancient, technological reversibility/temporality/lightness and energet-
ic autonomy. Outcomes of these case-studies show as PV may become, within a careful and
aware project, a compatible and characterizing factor within an innovative logic of reconstruction,
demonstrating a possible and effective co-existence with historical and landscaping values of these
places. Furthermore the complex reality typical of these areas requires a “controlled transfor-
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mation” variable case by case. Following these experiences, the believed scenery of the research
is a real applicability in the reconstruction process, through knowledge transfer, development of
guide-lines, tools, criteria and advices to be implemented in urban planning and building rules in
next years. PV will require to be considered as an architectural and urban opportunity as well as an
innovative challenge to be deepened, introducing the perspective of Nearly-Zero Energy Villages in
the contexts concerned. Future prospected works along this path will be other case-studies in mar-
gin areas (valley, green areas...) and in urban grids (streets) aimed to extend the PV integrability
concept from building to a wider scale. This general topic will also match some new international
Task related to “Solar Energy and Urban Planning”

2. Refurbishment of urban voids as a new challenge: case-studies

Refurbishment design and accordingly PV integration in reconstruction areas, will have to face with
the voids of the urban system. Just visiting any of the historical villages around L'Aquila there is the
perception of a "negative of the original" with the overthrow of full and empty due to the "voids"
created by collapse and the rubbles within the original open spaces (streets, squares ...) [9]. From
this state of art, the presented research experiments possible ways for recovering these urban
spaces through an approach aimed to environmental and material lightness, energy self-sufficiency
and a controlled distinguishability from existing historical matter. Although the main topic was PV
integration in sensitive areas, the presented case-studies cannot give up a wider design sensibility
as well as the need to realize more general goals for the life return of these villages, for providing
services during the reconstruction process or for introducing memory signs of the tragic event. Pro-
jects has been developed with Building-Engineering/Architecture students within a specific lectur-
ing module at University of L'Aquila, and concerns one of the most hit centres due to the 2009
earthquake that is Sant’Eusanio Forconese nearby L'Aquila in Italy. The small village, born be-
tween Xl and XIlII centuries, has about 400 inhabitants and is located in a very meaningful natural
environment: after the earthquake it was completely abandoned. Considering the hard reconstruc-
tion process waited for the next years, the presented study has been directed to experiment a new
coexistence between memory and solar technology, through the proposal of urban elements. The
chosen areas are located either within the historical centre than at the edge with landscape, repre-
senting different design possibilities in dissimilar kinds of urban voids.

Fig. 1: Pictures of the 3 different urban voids in the post-earthquake status

The developed case-studies concerns a sensible media box in the central square, a temporary
laboratory for the reconstruction and an urban library at the edge of the historical perimeter. PV
integration becomes the characterizing factor of these interventions that, in turn, is declined in the
strategy for the architectural language, for the customization of urban spaces, for introducing
sensible media spaces within historical areas as well as for providing the required energy demand
in the perspective of nearly-zero energy centres. Some findings show that a premeditated re-
planning of the urban voids could allow a significant solar implementation, satisfying a main part of
the village energy demand and improving the urban quality. The believed scenery is a real
applicability in the reconstruction process, through a transfer of skills and tools to be implemented,
considering PV as an architectural and urban opportunity, an important design resource and an
innovation challenge for the energy efficiency.
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Extended abstract

During the communist regime, Romania had a similar evolution in construction field with the other
soviet influenced European countries. All projects were designed by the National Institute of
Standardized Buildings, then erected all over the country. There were few types with many
subtypes, with no great openings used by other states in prefabricated housing construction due to
seismic movements. As general features, 30 cm modulation and maximum weight of panels limited
to 5.5 tons were used everywhere, with some local details. Most of these buildings are used at
their full capacity even today, with an infrastructure and facilities inadequate to such big number of
population and cars.

One of the most extensively used projects, called 770 [1], with its twelve subtypes, can be found all
around the country [3]. The last improved variant was designed in 1983 (the year of its application)
developing rectangular “matchboxes” with 6 types of apartments, small structural cells and a
standard coupling width. The different ending block panels offer 88 sections of buildings and 72
types of concrete panels, with 1 to 4 staircases. The structure is made out of concrete, with exterior
panels made out of three layers and 30 cm thickness, the interior walls and slabs also from
reinforced concrete. The flat roof has a thick thermal insulation (expanded clay or autoclaved
aerated concrete), usually deteriorated by the poorly executed waterproofing works and many
uncontrolled leaking. The plumbing features were also prefabricated as well as the carpentry
elements (apartment windows and doors), the common spaces having metal doors.

Once the capitalism started (after 1989’s Revolution), the apartments’ new owners started to
improve their own comfort through small scale interventions: replacement of wood fenestration,
closing balconies, HVAC units, individual heating system, enlarged ground floor apartments, single
apartment exterior insulation — showing the financial power and knowledge of each occupant. By
retrofitting the flat roof with smallest price works and no concern for the whole building image,
together, the architectural appearance was completely changed with result (mostly) worst than the
primary conformation.

Started in 2002, the National Program for Thermal Rehabilitation [4] of collective dwellings reached
its peak in 2009. Some of the selection criteria were: older buildings, greater number of apartments,
construction envelope type (preference for concrete prefabricated panels), technical conditions,
mildew or dampness, climatic area, the rehabilitation measures (only for housing) including thermal
insulation, pitched roof (but no attics), the replacement of exterior doors and windows and the
replacement of common mechanical features. The final “product” doesn’t show a contemporary
aesthetic attitude, just vivid colours on facades, white PVC windows and improved comfort inside -
less money for energy costs with individual heating system.

A combination between thermal exterior insulation and pitched roof was developed by real estate
agencies or contractors in exchange of new attic apartments with maximum saleable area. A whole
new level offered the opportunity of having extra housing units in the same urban area, too
crowded by cars, with problems like: legal aspects, fire and structural resistance maintained, long
time disturbance, insufficient mechanical features and more parking spaces needed.
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A sustainable solution applied on this prefabricated “commieblocks” should consider, first of all, the
great opportunity of applicability all over Romania. By treating problems like comfort, social all
ages areas + parking; together with the use of energy efficient composite materials and exterior
design to provide contemporary comfortable new plus old apartments could be a possible retrofit.
Leaving from 770 type, the study case considers a building with three staircases, no settlement
joint and three different subtypes. The hypothetical building allows another (similar) block to be
urban related with the studied one.

As a reaction to other contemporary similar designs, this study was developed considering that an
example should be done, as a reaction to the actual interventions through less interference with
the residents by a quick execution, respect for legal constraints (elevator, fire resistance, light
weight), a new aesthetical image for old blocks.

The old apartments were treated with the respect of private property, proposing some variants with
very small structural but controlled damages have been proposed: exterior thermal insulation with
mineral wool, replacement of wood windows plus controlled ventilation, a new outside image. The
new level uses the same staircase space, together with an exterior detached elevator. The interior
design is open space and has no structural barriers, with recessed closing vertical elements,
completely separated from the structural frames offering a continuous terrace to the new
apartments. The facades were very important in rehabilitation process along with the changed
image of urban vicinity.

The solution of roofing retrofit was developed using only energy efficient composite materials, light
[2], good fire behaviour and quickly erected: the reinforced concrete was used for light
prefabricated frames that reabsorbs during its lifetime the CO, produced during its fabrication
process [5]; triple layer walls — Glupan 125 [5] for the vertical elements ; flat roof with Kingspan
KS1000x-dek steel panel [6]; new PVC doors and windows from Internorm type Kunstoff Passion
4-16-4; applied in situ PUR insulation for existing terrace; 10 cm of Rockwool insulation used for
existing exterior prefab concrete panels and basement ceiling. For the existing analyzed block and
the extended one, a thermal and energetic expertise was done.

The innovation of this attic solution is given by a mixture of: new attic / penthouse design adverse
to general adopted solution with pitch roof; new prefabricated materials used for structural and
enclosing part, opposite to wood / masonry/metal/small tiles; different joint type between the
original concrete walls and the new reinforced concrete frames instead of monolith solutions; little
structural elements inside the new apartments; large covered terraces for the penthouse
apartments; the new elevator used as a dynamic element for the back/inner court facade (with less
balconies). All enumerated above contribute to a daring roof retrofit and may represent a challenge
for Romanian people, running away from flat roof, prefab concrete structures and small spaces.
Other countries experienced similar attempts [8].
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Short Summary

This paper presents a synthesis of some results obtained from an on-going national research
program carried out at the University of Bologna, Department of Architecture, focusing on
sustainable renovation processes and effective solutions for increasing the energy efficiency of the
existing housing stock. The proposed methodological approach is based on a step by step retrofit
strategy, tested by a simulation model, aiming to reduce the energy demand from the current
significant present value to at least 15 kWh/m?y. This performance level was assumed as the target
of the retrofit action that has been developed by assessing the effectiveness of the different
technological solutions adopted. This methodology and simulation set are going to be used for a
further development of the retrofitting solution that foresees the use of pre-fab wood panels.

Keywords:retrofitting; volumetric additions; energy savings; quality; housing renovation

1. Starting position and objectives of the research

With the Directives 2010/31/EU and 2012/27/EU, the European Parliament and the EU Council
promoted a wide range of improvements in the energy performance of buildings within the EU,
proposing a methodology that takes into account outdoor climatic and local conditions, as well as
indoor climate requirements and cost-effectiveness. Specific targets are provided for new
constructions and existing buildings. In order to meet these targets and exploit the construction
sector growth and employment opportunities (including the production of construction components,
services rendered by professional studios of architecture and engineering), the Member States are
required to establish a long-term beyond 2020 strategy for pushing investment in the renovation of
residential and commercial buildings. This intervention strategy should address significant cost-
effective renovations leading to refurbishments that can reduce both the supplied and final energy
consumption of a building by a significant percentage when compared with the pre-renovation
levels, therefore resulting in a very high level of energy performance. Since the existing residential
building stock represents the single biggest potential sector for energy savings, not only for its

SB13 Graz



69

dimension and widespread presence on the territory, but also for its related behavioural
implications, the expectation of the EU is that the rate of renovation interventions are going to
increase in the very near future.

2. Research methodology

Based on the significant demand, on a national scale, for high quality residential units — which,
following the financial crisis of 2008, is very hard to meet — the research program, run at the
University of Bologna, Department of Architecture, investigated the impact of volumetric additions
to existing buildings in terms of quality improvement. Starting from a theoretical matrix of strategies
for volumetric additions, this research studied specific topics concerning the re-dimensioning of the
units, and increase in energy efficiency and the installation of equipment applying them on some
case studies involving Italian residential buildings.
In order to make effective and sustainable the process of retrofitting (not only in financial terms),
some topics of strategic importance are pointed out:

- Areduction in operating energy demand;

- Meeting the need for new space arrangement and level of quality;

- An introduction of passive or active solutions to exploit renewable sources;

- The optimization of the energy balance.
All of the above are considered strategic factors in the definition of the design approach for
interventions and in addressing the methodology. The research mainly considered multi-family
housing and selected several case studies, located in the main Italian and European cities, built
from 60’s to 90’s, in order to obtain an index of the construction techniques originally adopted and
a diagnostic analysis of the main pathologies and damages.
The methodological approach, proposed by the Research Unit of UNIBO, focuses on a step by
step retrofitting strategy, to be tested by a simulation model, with the aim to reduce the current very
high energy demand to a value of at least 15 kWh/m?y. This performance level is assumed as the
target of the retrofitting action that was developed by assessing the effectiveness of the different
technological solutions adopted.

3. Renovation scenario

A renovation intervention should have an impact on two main aspects: first of all a reduction in the
current energy demand in order to obtain a more sustainable behaviour of the building and a
drastic decrease in operating costs, and then an upgrading of the units layout and dimensions to
meet the new needs. Both of these could be achieved without having to move the residents out by
reducing the impact of the intervention inside the unit and the building as a whole. A simulation has
been performed on a case study to evaluate the effectiveness of a renovation scenario based on a
wood sandwich solution. Even if a volumetric addition seems to be much more expensive when
compared to an implementation of the building envelope, the scenario proposed above shows a
difference of just 9% in terms of construction costs.

The cost/benefit ratio evaluation is an essential tool in order to steer the design phase towards the
most effective solution. Therefore sharing the decisional process with the end-users for what
concerns the management activities, the functional features and the ordinary use can be a
strategic factor to define effective solutions. The evaluation process can also influence the choice
of the construction methods and the technological solutions.

From a methodological point of view, the experience tested in the simulation model allowed to
point out some fundamental steps for the retrofit actions. The functional program, the typologies
and the possible construction systems should be flexible in order to be able to adapt them to the
results of the financial evaluation and to ensure a successful results of the project in terms of
economic investment, quality improvement, energy savings requirements, environmental standards,
etc.

The aim of the proposed methodology and simulation model is a comparison of the costs-benefits
ratio for the different solutions. The simulations run during the research demonstrated the
efficiency of the assessment approach even if the results are still affected by a certain degree of
uncertainty due to the difficulties in predicting costs, trends of energy costs, tax relief policies and
financial aspects. In conclusion, this research focuses mainly on a series of comparison of different
solutions, in terms of an assessment of the cost-benefits ratio.
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Introduction

The prefabricated reinforced concrete large-panel const ruction method was spreading
throughout Europe during the reconstruction work following the World War Il in order to decrease
the general housing shortage. During the 1970s and 1980s, altogether 510.000 flats of this type
were built throughout Hungary; therefore their refurbishment is inevitable and urgent. This paper
deals with the question 'What makes the existing reinforced concrete high-rise building stock
sustainable in the long term?’.

The typology of the precast large-panel building stock was set up by grouping buildings
according to their age, architectural and technical parameters: the most frequent types based on
expert judgements, in this study 3 typical types of the Kelenfdld housing estate  in Budapest were
chosen for analysis: one of the largest housing estates in Budapest consists of altogether 53
construction blocks roughly with some 8500 flats, that means the homes of about 20.000-25.000
citizens.

e \ = -

Three typical prefabricated reinforced concrete large-panel buildings in Hungary: building codes in
order: terraced panel building, A10 and Kf10.

Methodology

During the research a methodology was developed for the analysis of the refurbishment options
of prefabricated concrete buildings in order to reduce their impact on the environment. The method
is based on Life Cycle Assessment (LCA) that studies the environmental aspects and potential
impacts throughout a building’s life from raw material acquisition through production and operation
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to disposal. A comparative analysis was developed: different refurbishment options were studied in
order to compare their relative environmental impacts.

During the research the non-renewable cumulative energy demand  method the CML method
was used to assess the environmental impacts, both are internationally accepted and widely used.
The whole remaining life cycle of buildings was considered. The life cycle was divided into five
phases: production, operation, maintenance, retrofit and disposal. During the research it is
assumed that the retrofit is expected to increase the remaining life span of the building

The normalization showed that buildings have the most significant contribution in the category of
global warming (GWP) and also the acidification potential (AP) is relevant, but the contribution is
less than half of the GWP. The normalised ozone depletion and eutrophication caused by the
retrofit are insignificant. According to the results of normalization in this paper the global warming
potential , as the most significant environmental indicator is demonstrated in more detail.
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The ‘no overall renovation’ scenario has the lowest life cycle CO, eq emission in the first 2-3 years,
but after this time the retrofit options have a lower global warming potential: the energy and the
environmental impact invested into the retrofit is quickly recouped. The comprehensive retrofit is
the most environmental friendly option until about 60 years, when the renovated building
reaches the end of its expected life time. In an even longer term (60-80 years), as it is difficult to
predict the future regulations about the energy performance of buildings and the possible changes
of the building materials in the long term, there is an increasing uncertainty involved in the
assessment.

From the results of the individual buildings the total energy saving and the mitigation potential of
the housing estate can be calculated taking into account the number of building types per district.
The global warming mitigation potential of the analysed area is 44.4 % that would be
achievable if the buildings were upgraded to fit the requirements of the current building code. In
case the existing large panel buildings were be high-level retrofitted the decrease of global
warming potential would be 64.6%. Since the energy mix of the district heating is based on fossil
fuels the non-renewable cumulative energy demand and the ozon e depletion potential are
quite similar to the global warming indicator.

Concerning the eutrophication and the acidification potential the decrease is lower
approximately 26.6-26.7% in case of general retrofit measures but there is not significant change if
the high-level refurbishment were taken into account (24.6-27.3%).

The work and the publication is supported by the TAMOP-4.2.2.A-11/1/KONV-2012-0041 project.
The project is co-financed by the European Union and the European Social Fund.
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“Johann Bohmstrasse”: Renovation concept towards en ergy plus
standard with prefabricated active roof and facade elements, integrated
home automation and grid interaction”
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Nussmuller ZT GmbH

Architekten ZT GmbH Austria

Austria tobias.weiss@nussmu
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DI Dr. Karl Hofler, AEE Institut fur Nachhaltige Technologien, Austria, k.hoefler@aee.at
Short Summary

The existing building stock in Austria consists of a variety of buildings from the post-war period.
Due to their poor quality of construction those buildings consume an enourmous amount of heating
energy.

In Kapfenberg one of these bad energy performing social housing buildings from the sixties is
being renovated to become net zero building. The sixties bloc will be converted into a futuristic
showcase. The house in Kapfenberg has 32 apartments on four floors. 200m2 building integrated
solarthermal collectors and up to 1.200m2 photovoltaic modules have been mounted on a large
scale solar wing that extends far beyond the existing roofscape. In the annual average energy
balance, the building will produce more energy than it consumes on the primary energy level.
Johann Bohmstrasse is a ,,Building of Tomorrow* flagship project funded by the BMVIT.

1. Introduction

The existing building stock in Austria consists of a variety of buildings from the post-war period.
Due to their poor quality of construction those buildings consume an enourmous amount of heating
energy.

In Kapfenberg one of these bad energy performing social housing buildings from the sixties is
being renovated to become net zero building. The sixties bloc will be converted into a futuristic
showcase. The house in Kapfenberg has 32 apartments on four floors. 200m2 building integrated
solarthermal collectors and up to 1.200m2 photovoltaic modules have been mounted on a large
scale solar wing that extends far beyond the existing roofscape. In the annual average energy
balance, the building will produce more energy than it consumes on the primary energy level.
Johann Bohmstrasse is a ,Building of Tomorrow* flagship project funded by the BMVIT.
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Fig. 4: On the left the newly refurbished building can be seen as a comparison to the old building
on the right.
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Block of Flats from 1958, Rejuvenated with Wood

Florian Lichtblau, DI Univ. Architekt
Kaufmann.Lichtblau.Architekten BDA
Soeltlstralle 14, D- 81545 Munich

Tel: +49-89-642787.0, Fax .99
florian.lichtblau@lichtblau-architekten.de

Summary

A rundown 1958 post-war housing estate in the west of Munich was first an object of study, then a
planning model and finally a showcase project for holistic wood renovation. For an ideal lifecycle
balance and overall economy, the following is vital: maintain the carrier substance, rebuild, recom-
press, passive-building envelope pre-fabricated in wood, timeless design and regenerative energy

supply.

Keywords
Solar construction, renew stock, recompress, set of objectives, lifecycle balance, grey energy,
wooden construction, pre-fabrication, passive house, solar energy

Location Munich-Sendling, Badgasteiner-/ FernpaRstrafie

Building owner GWG Stadt. Wohnungsgesellschaft Miinchen mbH
Planning+construction KLA Kaufmann.Lichtblau.Architekten, Minchen/ Schwarzach
management

Structural planning MKP Merz.Kley.Partner/ EST Energie.System.Technik
Funding/ Research KFW, dena, LH Minchen, E2ReBuild

Construction dates Original 1958/ Constr. Phase 1 2010-11 (Phase 2 2012-13)

Net dwelling area 3.323 m2 (originally 2.012 m2, + 65 %)

Units 46 flats/ district housing office (originally 36 flats)
Envelope quality Ht’ 0.26 W/m2K (originally 1.56 W/m2K)

End energy 22 kWh/m2a (originally 280 kWh/m2a)

Primary energy 22 kWh/m2a (originally 340 kWh/m2a)

Building cost 950 €/ m2 GFA (German DIN cost groups 300/400, gross
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Abstract

The housing estate owned by GWG was still in its original condition from the late 1950’s when
planning began. Typical features included: widely spaced blocks of flats with nondescript outdoor
lawn areas; mixed masonry construction with wooden-framed windows and concrete ceilings be-
low non-insulated roofs; spartan, standard floor plans for flats around internal stairwells; massive
deficits concerning fire safety, sound insulation, variability and comfort; basic building technology,
high energy costs, inacceptable indoor climate.

The planning process for the necessary complete renovation began in 2007 with a student project
entitled “Weiterbauen” (Building further) at the Technical University of Munich, Faculty of Architec-
ture, Wooden Construction). Starting from this basis, the architects and building owner prepared a
catalogue of target specifications concerning:

A High-quality usage: Quantity, quality, accessibility (disabled-friendly) and outdoor areas

B Energy for the future: Efficiency, regenerative supply and overall economics

C Sustainable construction: Substance-conserving, ecological wooden construction, process and
design.

The planning team led by Kaufmann.Lichtblau.Architekten developed a higher-density renovation
model. By incorporating a new building for the district office of GWG, the load-bearing structure of
the original buildings could be retained but the access was changed, and the flats were trans-
formed into individual modern residential units with attractive outdoor areas. The new building
envelope, including that for an added storey, consists of pre-fabricated wooden elements meeting
passive-building standards, with maintenance-free wall cladding and green roofs. Exemplary solu-
tions were developed for life-cycle and energy balances, building science and structural aspects,
fire safety, sound insulation and an efficient construction process.

The first building phase was completed in 2012, phase 2 has begun. Holistic value enhancement, energy
efficiency which is fit for the future and a wooden construction offering active climate protection,
combined with optimal usage quality, promise the highest total economic viability for generations.
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Renovation to plus- energy- standard schools — Rainbach im
Muahlkreis/Austria

Arch DI Ingrid co-author: Albert B6hm
Domenig-Meisinger DI Architekt
Architektin Architekturbiiro Bohm
Austria, Linz
Arch+More ZT GmbH office@architekt-
domenig@archmore.cc boehm.at

Austria, Puchenau

Short Summary

The aim is to renovate the whole school complex to a plus-energy-house-standard.

A functional as well as a technical overall view are necessary due to the closeness of the two
main structures, the shared facilities such as gym-hall, multi-functional hall, as well as the
gas heating facility and water supply, the boarding for pupils and the shared cleaning staff.
With the construction of a new hall which unites elementary, secondary modern schools and
gym-hall all different functions of the complex are interlinked. Moreover, the outer surfaces of
the secondary modern school are reduced remarkably, and for the elementary school and the
gym-hall this fact means that no separate thermal insulation is necessary at all.

To provide sufficient fresh air, the complex will be equipped with a mechanical ventilation
system with heat recovery.

All windows will be provided with centrally controlled moveable sunblinds.

The existing water well will be used for the toilets.

Electric lighting is controlled in the same way as the sunblinds.

For the generation of electric current a 50 kWP photovoltaic plant will be established.

After thermal renovation heating will be effected by means of wooden chips.

Keywords: prefabrication, sustainability, comfort, economic efficiency, fire safety, cost
effectiveness, recyclability, precision, integral planning, renewable materials

The market town of Rainbach is situated 720 meters above sea level in the north of the
Province of Upper Austria. From the climatic point of view this region is characterized by its
relatively high altitude above sea level and the frequency of defogged days.

The two schools of the market town Rainbach are situated near the market town center on a
separate, adequately dimensioned school ground with sufficient open area. The nearby
publicly owned sports ground is also used by the schools. The catchment area for pupils
exceeds the community boundaries, a fact which shades cross-community importance on the
construction of the schools.

The renovation of the building in an energetic technical way leads to a sustainable reduction
of total energy use without consumption of further building land and without construction of
new building surfaces.

On the one hand renovation has a high potential of energy-technical savings and offers on
the other the creation of modern room structures with sustainable materials and elaborate
planning.

An objective of the municipality is to maintain a renovated, optically attractive building.
Furthermore the erection of a building should - on the long term — put only little strain on the
municipality budget and also involve regional enterprises in the renovation. The building must
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be and remain affordable over its life time cycle in relation to the costs of reconstruction,
energy, cleaning, disposal, etc.

All the surfaces of the buildings were analyzed and the following measures will be
implemented: the exterior walls of the Secondary modern school and of the gym-hall will be
renovated with prefabricated wooden-framed-elements. In building projects with short
execution times this is a perfect method to previously transfer work flow to the production
hall. The prefabricated wooden elements guarantee high end quality and can be produced
independent from weather conditions.

The outer walls of the Elementary school will be insulated with an upgraded insulation with
wood fibre insulating boards.

The windows correspond to passive house standard and are carried out with triple glazing
and wooden-aluminium frames — their thermal transmittance (k value) is 0.8 W/m2K.

The requested new classrooms will be established in a heightening above the present
entrance area on the north side. This is the cheapest way to produce extra room as the
necessary fundaments and the base plate can be used.

The new hall between Elementary school, secondary modern school and the gym-hall unites
all the functions of the building complex. In this central hall overall tasks such as library,
boarding of the pupils, gym-hall and a nearby function-room are interconnected.

To prevent overwarming in summer time with the high insulation standard and the high
number of persons in the rooms (especially in May, June and September), cooling with the
cool night air will be applied.

All windows — except on the north side — will be equipped with centrally controlled moveable
sunblinds. These sunblinds can be controlled individually, but foremost they are centrally
controlled by light sensors.

Ventilation appliance: It corresponds to the passive house standard regarding energy
consumption, heat recovery and tightness. With one single appliance ventilation of the whole
complex with its different occupation times can be effectively done.

Light control is combined with the control of the sunblinds. Dimming, occupation sensors and
daylight control can reduce the consumption of electric energy of up to 70 %.

As the roof construction of the gym hall had to be renewed anyway, it was redone with an
inclination to the south and furnished with photovoltaic elements with a capacity of 42 kWh
peak. Further elements with 8 kWh peak will be situated on the roof of the Elementary
school.

Secondary Modern School: Existing Building — 103.9 kWh/m2a
After Renovation — 11.6 kWh/m2a

Gym hall and new hall Existing Building (gym hall) — 119.5 kWh/m?2a
After Renovation (gym hall + new hall) — 16.3 kWh/m?2a

Elementary school Existing Building — 110.6 kWh/m?a
After Renovation — 17.6 kWh/m?2a
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E-Office: a prime example for energy efficiency

Extended Abstract

The corporate development of the company, then known as Steweag, at the end of the
1950s gave rise to the establishment of a central administration office. It was specified that
the site of the new administration building should be conveniently located for transport,
whilst in an inner-city location. Between 1958 and 1961, the Steweag administration building
was constructed as a single 10-storey edifice, which was accessible from Leonhardgrtel.

Competition on the electricity market due to liberalisation demands the use of synergies.
After the merging of the companies, the fundamental need for a joint administration office for
Energie Steiermark was clear. Once the planning parameters had been determined, an
architectural competition was held based on a feasibility study. The winning project was
designed by architect DI. Ernst Giselbrecht. The decisive factor for the general renovation
was the absolutely terrible energy performance of the building and the technical ageing of its
technical facilities.

The winning project makes excellent use of the plot as an extension of the existing property
and creates an unmistakeable landmark on the Graz cityscape. The entire western part of
the plot accommodates the underground garage, however the area above ground could be
developed into parkland.

v

Fig. 1: View of new E-Office (west side)

The fagcade design includes a sun protection system with folding shutters, so the facade can
take on a different appearance every day, regulated by the user. The folding shutter shades
the window, whilst not obstructing the view outside. The skylights were fitted with LED strips,
which enable a colour display of the fagade. The interior of the building is based on a colour
concept: each floor has a distinctive floor colour, which helps to identify which employees
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“belong” to which floor. The office space configuration includes individual offices and group
office solutions.

For anyone interested, a one of a kind, interactive experience exhibition on the ground floor
— the "E-Wunderwelt" — offers a fascinating insight into the field of renewable energy. Guided
tours can be booked. In total, the investments came to around 36 million euro.

The E-Office is a showpiece in the area of energy efficiency, as a total of 550 square metres
of solar panels were incorporated into the facade and roof of the building, providing energy
for more than 30 households. Furthermore, 12 geothermal energy systems and a solar plant
ensure the international low-energy standard is observed. More than 1.8 million litres of
precious drinking water can be saved each year through the intelligent use of rain water.
Interior motion sensors and the use of LED technology ensure a saving of up to 90 percent
in comparison to traditional light systems.

Keywords
energy-efficient office, renewable energy, energy saving
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Best case - plus-energy renovation of a residential building in
Kapfenberg assessed with OGNB (TQB) and klima:aktiv building
standards
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Summary

Building assessment systems can serve as powerful agents of change in efforts to reduce the
environmental impact caused by the building sector.

Building assessment systems provide building performance information such as energy
consumption, materials used and operational costs. Assessment systems define various levels of
performance within the marketplace, above and beyond the minimum defined by codes and
standards. As a consequence, building assessment results can be utilised as a marketing
instrument, thus increasing the demand for cost-efficient, user-friendly, and environmentally sound
buildings. At the same time, they produce a substantial reduction in environmental impact.

In Austria, the TQB building assessment scheme has been in place since 2001.

This conference contribution describes the development of the TQB assessment scheme, and the
successful refurbishment of the lead project “e80”3-Buildings” of the research program “house of
tomorrow — plus” will be shown in detail, presenting the development of high-performance
retrofitting concepts, focusing on plus-energy buildings with the prefabricated facade elements,
built-in building services and net integration.

High-performance refurbishments can only be achieved through an integrated design that includes
advanced energy concepts. Specifically, this will require a high-quality thermal refurbishment of the
building envelope with simultaneous integration of energy-producing active elements (solar thermal
collectors and photovoltaic elements), as well as network integration for electricity and heat.

Keywords:sustainable buildings, building certification, energy efficiency, renewable energy,
sustainable development, green building assessment scheme

1. Introduction

In Austria, many of the buildings built between 1950 and 1980 are now being retrofitted or
refurbished. If these refurbishments achieve a high level of energy performance, or even reach a
plus-energy standard, they would represent a major step towards achievement of the European
2020 targets. A change from buildings that consume energy to plus-energy buildings requires
building functions and systems to be completely redesigned. High-performance refurbishments can
only be achieved through an integrated design that includes advanced energy concepts.
Specifically, this will require a high-quality thermal refurbishment of the building envelope with
simultaneous integration of energy-producing active elements (solar thermal collectors and
photovoltaic elements), as well as network integration for electricity and heat.

In the paper the successful refurbishment of the lead project “e80*3-Buildings” [1] - reconstruction
concepts towards energy plus house standard with prefabricated active roof and facade elements,
integrated home automation and network integration - of the research program “house of tomorrow
— plus” will be described in detail. This project is realized as a case study — demonstration project —
in  Kapfenberg  (Styria/Austria) by the property developer ,Gem. Wohn- u.
Siedlungsgenossenschaft ennstal® in the years 2010 to 2013.
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2. Results of the sustainability performance

In the past few years, an increasing number of building certification systems have been placed on
the market. In the current project a complete assessment by the use of TQB-assessment system
[13,14,15,16,18,19] and monitoring [17] are part of the objectives for the research project.

The results for the first assessment in the planning phase are pictured in Fig. 1.

o~ Johann-Bohm-Strafie, Kapfenberg
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Fig. 1: Result of the TQB-certification

3. Conclusions and outlook

The demand on buildings, which allow the enhancement of the principles of a sustainable devel-
opment, will gain more and more importance in the private as well as the public sector. This trend
is based not only on marketing demands but also due to the need of better life cycle performance.
One of the instruments in proving the performance is building certification, which includes aspects
as e.g. LCA and LCCA as well as user comfort (as part of the functional performance) or technical
aspects. For the building sector this results in increased requirements primary focusing on new
buildings. Whereas the building stock offers the biggest potential to contribute to these targets.

In the current case study it is shown, that a high-quality refurbishment towards plus energy build-
ings is possible only through an integrated refurbishment approach including an energy concept.
Thus it means a high-quality thermal refurbishment of the building envelope with simultaneous
integration of energy-producing active elements (solar thermal collectors and photovoltaic ele-
ments), as well as network integration for electricity and heat. By the use of prefabricated elements
the goal of a more energy efficient and lower environmental building sector can be reached.

4. Acknowledgements

The research project e80"3-Buildings [13] - "reconstruction concepts towards energy plus house
standard with prefabricated active roof and facade elements, integrated home automation and
network integration” is funded by the Federal State of Styria and the program “Building of
Tomorrow” of the Austrian Federal Ministry of Transport Innovation and Technology (BMVIT) via
the Austrian Research Promotion Agency (FFG).

5. References

[11 e8073-Buildings - "reconstruction concepts towards energy plus house standard with
prefabricated active roof and facade elements, integrated home automation and network
integration", Federal Ministry of Transport, Innovation and Technology, Austria, Research
Promotion Agency (FFG), http://www.hausderzukunft.at/results.html/id5836

SB13 Graz



86

Certification System for Research and Laboratory Buildings —
The Case Study MED CAMPUS Graz

Dr. Helmuth Kreiner
Institute of Technology and
Testing of Building
Materials,

Sustainability Assessment
Graz University of
Technology, Austria
Helmuth.Kreiner@tugraz.at

Dr. Alexander Passer
Assistant Professor

Institute of Technology and
Testing of Building Materials,
Sustainability Assessment
Graz University of
Technology, Austria
Alexander.Passer@tugraz.at

Univ.-Prof. Roger Riewe, Dipl.-Ing. Architekt
Institute of Architecture Technology
Graz University of Technology, Austria

Summary

In the year 2004 the Medical University of Graz (MUG) was founded as an autonomous university
and is currently split into several locations spread all over the city of Graz. A project called MED
CAMPUS will provide an opportunity to merge the university with the existing university hospital in
one unified location. Physical contiguity will do more than solving the difficulties of the current
situation; it will enable teaching, research & development and patient care to reach an international
level of excellence.

The project area consists of two construction sites where twelve institutes are combined in four
centers. Facilities will include teaching facilities, administration offices, a library, a canteen an
assembly hall, and space for start-up companies operating in related fields. The building as a
modern university, research and communication center will have space for around 1700
employees and 4300 students.

From the project’s inception, the rectorate managed its development as a sustainable and healthy
property in the broadest sense, and this has resulted in sustainability quality targets having been
included in the public competition requirements.

This case study presents the architectural concept of the project MED CAMPUS Graz. Further
more the applied assessment method and the achieved level of building sustainability based on
the assessment criteria of DGNB/OGNI certification of lab buildings [2] will be shown.

Keywords

Sustainability; DGNB/OGNI certification of lab buildings; building assessment case study
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Abstract

The evaluation of energy consumption and related carbon dioxide (CO,) emissions due to
the use of buildings is becoming increasingly accurate and is being applied in the design of
more energy efficient building envelopes and systems. As such, the importance of energy
consumption and CO, emissions due to stages other than the use of buildings is increasing.
Therefore, the scientific basis of the embodied energy and CO, emissions for building
construction should have been investigated by organizing the new Annex and an
international team for the IEA ECBCS program.

The project (IEA ECBCS, Annex 57, 2012-2015) is investigating methods for evaluating
embodied energy and CO, emissions of buildings, to develop guidelines that contribute to
practitioners’ further understanding, and to find better design and construction solutions for
buildings with less embodied energy and CO, emissions.

This paper describes the research area of Annex 57 and research items regarding embodied
energy/CO2 emissions due to building construction. The profile of CO, emission in Japan is
shown in which embodied CO, due to building construction and civil engineering is 19.2%
and operation of buildings, 23.2%. An estimation of the total CO, emissions in various
countries and the corresponding fractions of embodied CO, due to building construction and
civil engineering is shown. Embodied CO, in the world is between 5 and 20% of the total
CO, emission in the world. In particular, the fractions of embodied energy are higher in
developing countries and often exceed the building operation energy. The energy
consumption and CO, emissions in gate factories in supply chain are estimated to show the
characteristics of the databases based on ISO and IO analysis.

Design and construction methods for buildings with low embodied energy and CO, are being
improved by the use of recycled materials, prolongation of building life, retrofitting, and also
reduction of non-CO, greenhouse gas emissions. An approximate estimation was made to
find out the significant factors to reduce embodied energy/CO..

This paper shows the whole quantity of embodied CO, due to construction which fraction is
between 5 and 20% of the total CO, emission. The measures and the effects to reduce
embodied energy/CO2 were also shown, in which the prolongation of building life is effective
and the influence due to Freon gases is significant.

References
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Short Summary

Identification of key materials, which effectively define a building’s impact profile have important
implications not only on research time and investment, but also on understanding by designers and
successful implementation of such concepts in their daily specification practice. Ranking building
materials based on embodied energy (EE) and embodied carbon (ECO,) and its disclosure to
designers empower the material selection process, enabling more efficient, impact-driven
specifications and materials balance. Disclosure of impact profiles to the general public can also
provide the grounds for societal pressure for mitigation and technological improvement of the
related industries, as well as advise public and sectorial policy-making. However, definition and
calculation methodology of these metrics reflect current conceptual vagueness or even divergence,
challenging replication, results aggregation and benchmarking. In this paper, cradle to gate LCAs
were performed using SimaPro 7.3 software and followed ISO 14040:2006 methodological
guidelines. Production cycle modeling used secondary data collected from national literature or
adapted from international literature and databases. Inventory outputs were related to total material
quantities (mass or volume) to calculate cradle-to-handover embodied energy and embodied COy,
normalized per unit of gross floor area (m? gea) Of four Brazilian case study buildings. For the
analyzed typology, computed EE and ECO, were around, respectively, 1.030 MJ/m?gra and
128 kg CO,/m? gra. Top six contributors (Portland cement CP 111-32, ceramic brick, steel rebar,
sawn timber planks, plywood and PVC tube) respond for over 80% of the total EE computed.
Analogously, over 80% of the accounted ECO, was related to cement, steel rebar, ceramic brick
and PVC tube and conduit. Also, a core database encompassing twelve building materials and
components provides a very accurate (over 97%-coverage) description of the accounted EE and
ECO, profiles altogether, which can possibly streamline indicators monitoring scope.

Keywords: embodied energy; embodied CO,.; LCA; building material; indicators; eco-efficiency

1. Introduction

The building sector is responsible for important impacts on the environment. On a global scale,
building material manufacture and transportation as well as installation and construction of
buildings consume great quantities of energy and emits large amounts of greenhouse gases.

Carbon footprint and embodied energy are indicators that, referring to buildings, measure,
respectively, the CO, emission and the energy used during the manufacture of building materials
and components, in transporting these to the site, and during the construction process itself. Given
their life cycle perspective, they further include the measurements of energy and CO, emission
incurred during renovations and replacement of components, as well as those resulting from
demolition, waste and reprocessing at the end of the building service life. Calculation of both
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metrics can be assisted by LCA platforms or, when appropriate, databases such as [1] and [2]. In
Brazil, studies performed by [3] and [4] emphasize the necessity of developing life cycle
inventories for the local industry and/or carefully validating international data before their
application in national studies.

Identification of key contributors that define a building’'s EE and ECO, profiles has important
implications not only on research time and investment, but also on understanding by designers and
successful implementation of such concepts in their daily specification practice. Focused
disclosure to designers empowers the material selection process, enabling more efficient, impact-
driven specifications and materials balance.

This paper presents calculations of life cycle embodied energy and embodied CO,e normalized per
unit of gross floor area (m? gea) and provides preliminary Brazilian benchmarks based upon four
case study buildings.

2. Methodological approach

In this paper, life cycle embodied energy and embodied CO,, normalized per unit of gross floor
area (m?), are applied at the building material level to assess material eco-efficiency of Brazilian
case study buildings. Cradle-to-gate LCAs were performed using SimaPro 7.3 software and
followed ISO 14040:2006 methodological guideline. Input data for materials/components modeling
were collected from national literature or adapted from international literature or from or from ELCD
v.2.0, Ecoinvent v.2.2 and Industry Data v.2.0 databases. Obtaining of embodied CO,. figures was
assisted by CML 2001 v.2.05 environmental impact analysis, which presents equivalency factors
for all greenhouse gases in the global warming impact category, and expresses results in mass of
COy per functional unit. The studied typology is basically comprised by low-rise (up to 3 floors),
low window-to-wall ratio, reinforced concrete-framed, masonry fagade and partitions, and ceramic
or metallic roofing buildings. Total usage of material/components was quantified for four case
studies - according to the functional unit previously defined — then divided by the total gross floor
area, and corrected by national estimates for construction waste. Portland cement and ready-
mixed concrete are here expressed considering three amounts of ground granulated blast furnace
slag (ggbs) as clinker replacement, consistently with Brazilian standards (5% in CPI-32, 30% in
CPII-E-32, and 66% in CPIII-32).

3. Final remarks

For the studied typology, the top six contributions (Portland cement CP 111-32, ceramic brick, steel
rebar, sawn timber planks, plywood and PVC tube) respond for over 80% of the total embodied
energy computed. Analogously, over 80% of the accounted embodied CO,, was related to cement,
steel rebar, ceramic brick and PVC tube and conduit. A core database encompassing twelve
building materials and components provided a very reasonable (over 97%-coverage) description of
the accounted embodied energy and CO, profiles altogether, which can possibly streamline
indicators monitoring scope.
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Summary

This study quantifies the embodied energy and embodied CO2 associated with building
construction by using energy intensities and CO2 intensities obtained by process analysis and I/O
analysis, and compare with each others in Japan.

The energy intensity and CO2 intensity table is calculated, which is based on 2005 I/O tables in
Japan. In the intensity table, intensities of energy consumption and CO2 emission are shown as
values of MJ and kg-CO2/million Yen, and each values are shown as based on producer’s and
purchaser’s prices. It can be possible to calculate embodied energy and CO2 emissions due to
constructions of various buildings.

The process-based data were referred to existing databases in Japan.

In this study, following comparisons are implemented,;

« Comparison on energy intensity and COZ2 intensity of building materials of the different
databases: cement, concrete, steel, glass, glass wool and lumber.

+ Comparison on embodied energy and embodied CO2 of building by using different databases: a
reinforced concrete office building and a steel frame structure office building.

The energy and CO2 emissions associated construction buildings were calculated by using
energy intensity and CO2 intensity obtained by the 1/0O based analysis and the process based
analysis. The results showed that many of intensities by obtained 1/O analysis are larger than the
intensities by obtained process analysis. The embodied energy and CO2 of office buildings by
using I/0O analysis are approximately 13% larger as the results of process based analysis.

Keywords: Embodied energy; Process based database; I/O based database

SB13 Graz



92

B3

Facade

Chair: Daniel Kellenberger
Intep — Integrale Planung GmbH, Switzerland

SB13 Graz



93

Leichtbau 3.0: Material, Structure, Energy

Oliver Englhardt
Prof. Dr.

- Graz University of
| Technology
englhardt@tugraz.at

Lightweight constructions basically mean the striving to design structures with a minimal weight
compared with a full use of the material properties. In future this has to be complemented by a
maximum reduction of the cumulative energy demand (amount of energy consumed over the
whole lifetime) for structures.

The example of the development of a hybrid building envelope will demonstrate that evolution.

Each component of the structure has to act as a load-bearing member and has to fulfil the func-
tional requirements of a building envelope at the same time. In this respect, the use of the glass
elements as surface structures, the load transmission and the boundary conditions become par-
ticularly important.

The concepts of lightweight construction are the basic principles of a holistic development and de-
sign in building construction. The example shows that facades and building envelopes as part of
our infrastructure are offering new development opportunities and innovations in structural engi-
neering and design.

Keywords: Lightweight Structures, Facade, Surface Structures, Hybrid, Glass, Energy
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Fig 2. Hybrid Glass-Steel-Elements: impacts and relations for the use in building envelopes.
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Short Summary

The paper presents an analysis of the influence of various building energy characteristic on the
window energy balance in Polish conditions. The analysis is based on the building energy balance
with hourly time step calculation in accordance with the methodology described in the ISO 13790 :
Energy performance of buildings - Calculation of energy use for space heating and cooling. While
the method of windows energy balance calculation is based on ISO 18292 : Energy performance
of fenestration systems for residential buildings - Calculation procedure.

In the analysis two different public building types and several energy characteristics have been
considered. The results indicate that the building energy characteristic significantly affect the
energy balance of windows and thus should be taken into account in the process of setting of the
reference data used for widows energy performance calculation.

Keywords:Windows; Fenestration; Certification; Labelling; Energy performance;

1. Introduction

New regulations such as the European Directive 31/2010 Recast impose new demands on the
construction industry and investors. New low-energy buildings should be built using advanced
technology and design technigues.

The windows play an important role in ensuring the comfort of indoor climate conditions.
Commonly used factor for windows thermal efficiency is the heat transfer coefficient U. This factor,
however, does not describe the full balance of the window. In fact, windows are also a source of
solar heat gains and allow air infiltration. That means that the lowest U-factor does not guarantee
the best thermal performance.

Existing windows certification systems are based on more or less complex energy balance of
windows based on some reference data such as heating/cooling degree hours and utilized solar
irradiation. These parameters depend, however, on both climatic conditions and the general
building energy characteristics. Therefore two windows with identical properties can have different
thermal balance depending on the operating conditions.

2. Methodology
In order to analyse the influence of building energy performance on the energy balance of windows

two different building types under various operating conditions have been examined. The analysis
includes:
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» two reference building types (office building and hospital) of two different energy standards
(current and from 1970s) with two different thermal masses (light and heavy),

+ three climatic zones,

» separate energy balance calculation for both heating and cooling seasons,

» combined heating/cooling energy balance.
The assessment procedure in 1ISO 18292 requires data on both solar heat gains and heat loss
through windows. Since both of these parameters depend largely on the climate and the energy
characteristic of a building, detailed calculations for each reference building located in the three
climate zones in accordance with the procedure proposed in ISO 13790 have been conducted. As
not all of the available solar energy can be utilized for heat demand reduction, utilized fraction of
the available solar energy is calculated on an hourly basis for the reference house.

3. Results

The heating and cooling degreehours and utilizable irradiation have been calculated for both
reference building types and the three construction standards for the three climate zones. On the
basis of the calculated values a set of 12 different windows has been analyzed. The results
indicated that the number of degreehours and irradiation varies significantly for different building
types which leads to different windows ratings. However the rating for various locations and
building standard and orientation was similar.

The results indicated that windows with a lower U-value are not necessarily the best performing
windows as they significantly reduce the amount of obtained solar energy in the heating season.

4. Conclusions

U-value of windows cannot be used to compare energy performance of windows. Therefore in
order to provide decision makers information on the actual performance of windows it is necessary
to develop a windows rating scheme based on an overall energy performance during both heating
and cooling seasons. The development of a such system is possible as the performance of
windows does not differ significantly for various locations, building envelope standard and
orientation. However different building types are used in a different way, therefore there is a need
of a proper set of data depending on the building function, that would allow calculation of the
energy balance of windows in buildings with various energy characteristics.

Thermal performance of windows is not the only aspect that should be taken into account,
windows are an important source of natural daylight that allows for reduction of electricity
consumption for lighting, therefore a method of daylight potential implementation into the windows
rating system should be developed. Windows are also providers of natural ventilation, thus
improving the indoor thermal climate and reducing cost/energy consumptions for mechanical
ventilation. These effects should be considered in future studies.
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Abstract

BIPV the short version for building integrated photovoltaic is one of the possibilities to turn a low or
zero energy house into an active energy generating house.

There was a big development in products as well as in projects the last years. Market reports
predicted tremendous growth rates which turned out to be wrong [1].

So there was no great breakthrough in the real market. Only few installations were realized in so
called lighthouse projects.

Purpose

The purpose of this paper is to clarify the pitfalls of this lack of breakthrough. It goes into detailed
consideration about the product development and product range. It will consider the question if
there is a sufficient range of possibilities to meet the demands of designers and architects. Who is
involved in the planning process, are the interfaces clarified between fagade-, glass-, electric- and
photovoltaic design? Is there an opportunity to standardize the process and the products? Are the
highly costs the main impact of the slight market growth?

Result

The paper will figure out the market demand (enquiries for individual projects) versus real built
installations. It will also show paths of possibilities to realize well design BIPV projects. On one
hand regarding the design process itself, on the other hand regarding the standardization of
products and projects.

Conclusion
Within this paper the author tries to find a way to optimize the boundary conditions of the BIPV
industry, with the motive to accelerate the number of realized projects for renewable buildings.

Keywords
building integration; photovoltaic; architectural design
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Summary

The use of renewable energies in everyday life become more attractive from day to day. Even their
use in buildings offer great benefits in terms of fossil fuel reduction as well as make eco- labelling
of the architectural goods. Particularly, the use of solar thermal systems in building integration has
a big potential.

Facade solar thermal collectors show double benefits in new architectural goods: integrated func-
tional elements that do not disturb the architectural appearance and there is a high fraction of solar
energy as a part of total energy needs of the building. These are the main characteristics of facade
solar thermal collectors.

The new model of the window fagade collector is described in this work. Namely, it is an ideal way
to build-it in the south facade of the building that can be residential / office building or
manufacturing plant. With these type of facade collectors/modules, the architectural appearance of
the buildings is not destroyed and at the same time those build-in elements are functional:
participate to a great portion of total energy needs of the building. This is a sustainable way of use
of solar energy and consequently decrease the CO, impact to the environment.

Keywords:facade solar thermal collectors, energy-efficiency, solar architecture, building
integration, long term stability.

1. Novel type of window facade collectors (modules)

The main characteristics of novel type of window facade collector (module) are summarised as
follows: a good appearance of these modules on the buildings (Fig. 1). The CS facade — window
collector could be produced in different colours as shown in Fig.1a). The window module could be
assembled in window facade collectors (Fig.1b). The surface area of contact between Cu tubes of
the absorber and flat plate (that is Al or Cu) is bigger than that one of the standard collector; it
means that is a better heat transfer between absorber towards absorber’s fluid; the contact
between Cu tubes and absorber’s plate is stable and do not changed during aging period of
collectors; there is no any damage on selective coating; no melting on the selective coating in
spots as it is in other type of welding such as laser or ultrasound welding; there are no waves on Al
or Cu absorber plate due to the novelty in absorber’s welding (novel CS type of welding). Since the
fact that selective coating is totally undisturbed - there is no diffusion processes of oxygen,
hydrogen and absorbers' plate, no corrosion could happen during the long period of collectors’
lifetime. The efficiency is greater than other types of flat plate collectors (Fig. 2) - there is no use a
portion of collector's energy to evaporate the humidity from the inner side of the collector since that
it doesn’t exist.

SB13 Graz



99

The window module is made of two glasses - between them is the absorber. Behind the absorber
is material that absorbs the humidity in the inner space found during the assembling of the collec-
tor; the inner area is totally without any humidity and consequently no oxidation or reaction be-
tween O,/water and the absorber or Cu tubes could happen.

a) b) c)

Fig. 1.Window facade collectors: a) different coloured collectors, b) window module, c) window
facade modules integrated in the first demo building (middle column of the building's windows are
replaced by windows collectors).
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Fig. 2. Comparison of efficiency curves of two types of absorbers: laser welded (blue line) and CS
new type of absorber (red line).

2. Conclusion

Novel type of window facade collector are functional elements in the new building concepts. Beside
their good architectural appearance they provide a big portion of the total energy needs of the
building and that portion comes from renewable source.

Another benefit for solar facade collectors is the fact that their appearance could be very similar to
the windows glass surfaces (Fig. 1c). It means that facade windows-collectors are free of welding
lines, waves and folds and present good replace to classical windows. They could be mounted on
the same windows frames as the windows. The long term stability of these functional architectural
components is solved, no humidity issues exist, no water vapour condensation during the life time
of the facade collectors. Consequently, collector’s efficiency is prolonged and stable during their
lifetime. Performance tests for these collectors are in progress.
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1. Short Summary

The construction sector plays a key role towards sustainable development. Therefore, it is
necessary to begin thinking about efficient ways to reduce harmful environmental effects. In this
regard the focus should not only be on saving energy during the buildings operation, but also on
the environmental performance of construction materials.

In this paper the consequences of sustainable development and sustainability will be
discussed with respect to recent standardization activities and building certification systems. The
development of innovative building skins in the context of sustainability assessment is presented
for the case of a multifunctional plug & play facade (MPPF). Special solutions for energy-efficient
operation, active and passive facade components for the use of solar energy will also be presented
and evaluated, comparing the MPPF and a commercially available Facade.

Keywords: Facade; use of natural resources; end of life scenario; energy efficiency

2. Introduction

This paper gives an overview of the standardization activities of CEN and current building
certification systems with a special focus on building skins. In the first part of the article the latest
developments of the standardization work on “Sustainability of Construction Works“[1] will be
explained. The paper also shows a preview of future construction regulations, which include the
new basic requirement No.7 “Sustainable Use of Natural Resources* [2].

In the 2nd part of the paper the consequences of sustainable development in the construction
sector and the role of building certification systems will be explained. Using the example of the
multifunctional plug & play facade (MPPF) [3], the main measures of criteria for sustainability
assessment will be explained. Solutions for energy-efficient operation such as active and passive
facade components for the use of solar energy will be discussed. The increasing comfort of the
interior and the structural issues in production phase, as also for the maintenance works or any
changes in use of the facade will be considered as well.

The importance of environmental assessment is one of the optimization tasks for future
construction. The higher environmental requirements for buildings and materials that will result
from these trends will reduce environmental impacts.
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3. Standardization and Certification systems

During the last few years a large number of regulations for the environmental performance of
construction materials and buildings were put into force. In particular, the CEN/TC 350 worked out
a set of new standards in the field of sustainability. In this context the two most important
standards for the Austrian market, are the ONRM EN 15804 and the ONORM EN 15978. These
two Standards form the basis for environmental performance of construction materials and
buildings.

In addition to standards and regulations, building certification systems play an important role as
voluntary instruments. In these certification systems a set of criteria is defined assessing the
individual performance categories of buildings, allowing a comparison of different buildings.

At the international level, there already exist a large number of certification systems, such as
BREEAM (BRE Environmental Assessment Method), DGNB (Deutsche Gesellschaft fir
Nachhaltiges Bauen) or LEED (Leadership in Energy and Environmental Design). In Austria there
are currently three systems, to be mentioned. First the OGNI system (Osterreichische Gesellschaft
fur Nachhaltige Immobilienwirtschaft), which is derived from the German DGNB system . Second
the TQB (Total Quality Building) system of the OGNB (Osterreichische Gesellschaft fir
Nachhaltiges Bauen) with its related Klima:aktiv system.

4. Research Project Multifunctional Plug & Play Facade (MPPF)

The goal of the k-Project “MPPF — multifunctional plug&play facade” was the development of a
multifunctional facade system to be used in modular construction methods with the highest
possible level of prefabrication for newly built large-scale residential and office buildings and the
renovation of existing houses. MPPF worked on the integration of electricity and lightning
protection systems and the development of test facilities. Another focus lied on the integration of
PV and solar thermal systems in the fagade - several prototypes of glass and shading with
integrated PV were developed. One room of the test building in Stallhofen has been especially
devoted to research in the field of adaptive control systems

In the course of the project two test fagades (prototypes) were installed and intensively measured
at the consortium leader’s place. The development of the second prototype was accompanied by
environmental assessment activities, which ended by comparing the environmental impact of the
MPPF with that of a conventional commercially available facade system.
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Short Summary

The paper presents life cycle analysis (LCA) results of the passive house in Lithuania. For the first
approach three the most common and relevant impact categories of the life cycle were chosen —
energy consumption, global warming potential and ozone layer depletion. Results of the LCA
together with simulations of operational energy demand assert that embodied energy (construction
& maintenance) constitutes 1/3 of the whole LCA energy, 1/5 embodied ozone layer depletion, and
2/3 of global warming potential. The environmental impact of various life cycle phases is presented.
It is concluded that for different climates, during the life cycle of the energy efficient house,
embodied energy is higher than in conventional buildings. Therefore sustainability of the
construction materials and different occupation profiles has to be considered very carefully. In
addition, influence of the occupants on LCA of the building is illustrated. Results show that it is not
always purposeful, when performing dynamic LCA to take into account changes in occupation of
the house.

Keywords: LCA; energy efficient house; embodied, occupants, environmental impact, simulation.

1. Introduction

With the increasing energy efficiency of the buildings, demand of the construction materials is also
increasing. Main European Union’s legislative measures, related to energy efficiency of buildings,
do not take that fact into account, because many studies show that the highest environmental
impact is made during the operational phase of the building. Just some newest researches show
that embodied energy becomes also an important issue for energy efficient buildings.

The presented study aims: 1) to assess environmental impact of the energy efficient single-family
house, using LCA methodology, involving building’s constructions and all engineering systems of
the building (energy production, heating, ventilation, water supply, sewage and electrical
installation); 2) to identify phases of the life cycle and elements of the building with the highest
environmental impact; 3) to apply and evaluate measures to reduce environmental impact of the
building during its life cycle; 4) to assess influence of occupants’ characteristics (household size
and age) and on life cycle of the building.

2. Methodology

The LCA was undertaken using the computer tool SimaPro 7.2, with the functional unit 1 m? of the
useful floor area. The single-family house in Lithuania and its subsequent use were calculated over
a 100-year period. The key data for inventory analysis were identified by the data derived from
IMPACT 2002+ V2.10 method SimaPro libraries. For the energy assessment of environmental
performance during the operational stage of the building, also dynamic building energy simulation
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with DesignBuilder was performed. The life cycle phases included in the study are: 1)
production/construction, 2) operation & maintenance, 3) dismantling and recycling, 4)
transportation in all phases.

3. Results

Environmental impact of the whole life cycle of the building. Simulations of the operational
energy consumption together with the analysis of the embodied energy (construction and mainte-
nance) have shown that for the building built according to the national passive house requirements
(simulated annual heating energy demand - 17.7 kWh/m?), embodied energy constitutes 31 % of
the whole LCA energy and embodied ozone layer depletion — 21 %. Situation is different with the
global warming — the highest impact (63 %) is made in construction and maintenance phases.

The environmental impact of various life cycle phases is presented in Fig. 1. As we can see, the
phase of operation & maintenance dominates in all impact categories. This phase covers the oper-
ational group as well as it includes a part of the embodied group — a renewal of the building ele-
ments.
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Fig. 1: The environmental impact of various life cycle phases

Embodied energy and emissions. Analysis of the embodied energy and emissions of the
building has shown that major impact is made by materials used to create building envelope,
especially walls, roof and floor. Alternative improvements of these constructions were evaluated.

Operational energy and emissions - influence of the occupants characteristics. There are
many studies proving that operational energy consumption of the building might be significantly
influenced by characteristics of occupants, e.g. [1]. To illustrate, how occupants may influence life
cycle performance of the building, different occupation alternatives were simulated. Results show
that occupants characteristic, such as family size and age have influence on all environmental
impact categories. Differences in operational energy consumption for analysed households occur
because of DHW consumption, which depends mainly on size of household. In addition, energy
consumed for heating and lighting is influenced by occupation profiles (hours).
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Summary

Within the Austrian research project ‘Solares Plus Haus’ a plus energy building concept for a brick
constructed dwelling is developed, planned and put into operation. The energy performance of the
operated building is previously assessed by theoretical analysis of AIT and research partners.
Since autumn 2012 a scientific monitoring is operated. This paper documents on the energy
performance of the building based on measurement data acquired from January 1st till April 30th
2013. Monthly energy balances were calculated and selected detailed monitoring data of the
energy performance of the heat delivering and distribution system are documented and assessed.
Key findings are drawn and an outlook about the future research activities is given.

Keywords:Plus annual energy balanced building, energy efficient bricks, solar combisystem,
photovoltaics, thermally activated brick wall, monitoring

1. Introduction and objectives

Within the Austrian research project ‘Solares Plus Haus’ a plus energy building concept for a brick
constructed dwelling is developed. The energy performance of the operated building is already and
will be assessed by the Austrian Institute of Technology (AIT) by means of a scientific monitoring
from autumn 2012 to the end of 2014. In particular high solar fractions above 50% for covering the
demand for heating and domestic hot water (DHW) preparation contribute significantly to a
negative annual primary energy balance (non-renewable part). The research activity focuses
intensively on the feasibility of improved use of solar heat by applying the ‘Sonnenhaus-Konzept’ [1]
in combination with thermally activated brick walls. The research project approves the energy
performance of the building and thermal indoor comfort with the analysis of measured monitoring
data of the operated building and creates advices how to design and control the solar heat
activated brick walls.

Preliminary calculation performed by AT, i.e. energy modelling and building simulation, result into
a negative annual primary energy balance (non-renewable part), which could be so far interpreted
as a ‘plus energy balanced building’ [2]. Since December 2012 the brick constructed dwelling is
operated and is occupied by the building owner; a four person family. AIT has developed an energy
monitoring concept and the required technical equipment of the scientific monitoring over two
years is installed and put into operation. This paper essentially documents on first monitoring
results related to the energy performance of the building and its subsystems from January 1° till
April 30" 2013. Main objectives of the monitoring campaign are:

- Demonstration of the functionality and feasibility of the ‘building concept under real system
operation and with the impact of user behaviour

- Quantification of the annual primary energy balance based on measured data

- Quantification of achieved solar fractions beyond 60% in practice

- Identifying measures to optimize the annual energy performance
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2. Findings and outlook

Based on measurement data acquired from January 1 till April 30" 2013 a first documentation and
assessment of the energy building and system performance of the ‘e4Ziegelhaus2020’ [3] is sub-
mitted. Monthly energy balances were calculated and the daily energy performance of the heat
delivering and heat distribution system were analysed based on monitoring data of March 2. With
the analysis of the selected monitoring data some conclusions are drawn. Key findings are:

In comparison to preliminary theoretically generated annual energy balances it is most prob-
able that the building operation will exceed the expected heating demand. During the first
four month of 2013 the heat delivered to the under floor system and the thermally activated
brick walls already cover 72% of the preliminary predicted 11,770 kWh heating demand in-
cluding heating system losses. It is obvious that higher indoor temperatures of around and
above 24 degree Celsius lead to higher amounts of delivered heat

Especially due to marginal sun hours in January and February the amount of heat delivered
by the flat-plate collector system wasn’t significant. In January the solar fraction was only
SFjan = 9% and in February SFee, = 14.1%

The hot water tank operated with reasonable and stable stratification.

The thermally activated brick wall operated with low supply temperatures, but the major heat
was delivered via the under floor heating system

The solar electricity delivered on site by the photovoltaic modules in March already equalises
the total electrical consumption — see Figure 2. The percentage of directly used solar electric-
ity in the building was between 29.2% and 49.4%

The scientific monitoring system operated with an average permanent electrical power of
68 Watt and that implies means a share of 8.5% up to 14.3% of the total electricity consump-
tion

Future research work will focus on:

Continuation of the scientific monitoring till the end of 2014

Acquisition of one complete monitoring data set from January 1 till December 31% in order
to provide the annual energy balance based on measured data

Comparison of theoretical models with measurement data (especially heat delivering system)
Analysis of both the thermal building performance and the heat delivering system in summer
(e.g. risk of overheating, risk of stagnation of the collector field )
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Short Summary

We have performed a life cycle assessment of an office building of the planned Technology Park in
Bolzano, Italy. The analysis takes into account embodied, operational and transport energy, carbon
emissions and other environmental impact factors. Further, we have created two virtual scenarios
that show how green choices during building design and operation can potentially reduce total life
cycle energy and carbon emissions by 60%. Assessments of this kind are still missing in most
design and tendering procedures, and even if they are done, they usually focus only on one single
aspect at a time. Such an approach may result in a considerable waste of resources and increase
in environmental impact. We have estimated that for Net Zero Energy Buildings embodied energy
and transport energy may account for more than 90% of the total life cycle energy. Therefore, we
strongly recommend integrating these factors in building design.

Keywords: office building; embodied energy; operational energy; transport energy; green
insulation; emissions reduction; sustainable mobility; Net Zero Energy Building

1. Introduction

A comprehensive Life Cycle Assessment (LCA) that includes Embodied Energy (EE), Operational
Energy (OE) and Transport Energy (TE) is still rare in procurement, design and tendering
procedures for new buildings. A study on residential buildings in line with such an approach has
shown that EE and TE together can amount to almost 50% of the total life cycle energy demand in
passive houses [1]. Office buildings are a much more complicated system from a construction and
technological point of view. In this work we would like to analyse how the impact of different
building life stages is transforming in a vision of very low energy demand office buildings.

2. Methodology

We have taken into account OE, EE and TE in order to develop three main scenarios (Table 1) of
the expected total life cycle energy (LCE) and emissions of the building. The method is replicable
in other designs of office buildings. For all scenarios, we have evaluated the EE of the construction
materials with the online tool “SBS Building Sustainability” (SBS) developed at the Fraunhofer
Institute for Building Physics. We have computed the OE with a dynamic simulation model
developed in TRNSYS. In the OE calculation, the PV field energy production has been subtracted
from the thermal and electrical loads for HYAC&R and lighting. Regarding TE, we have compared
three transport configurations: the as is case, a case based on expected changes in Bolzano in the

SB13 Graz



108

20 years and a case going beyond based on electric vehicles only. We have calculated TE taking
into account the total yearly travel distance of all users, their transport modes and the associated
direct energy intensities (energies per unit of distance necessary to power the vehicles) [1].

Table 1 Comprehensive scenarios for LCE analysis

Scenario | EE OE TE
1 XPS- and EPS-insulated | PV field on the roof of the Black | Asitis
aluminium envelope Monolith only
2 XPS- and EPS-insulated | PV field on the roofs of the Black | Urban Mobility Plan
wooden envelope Monolith and the adjacent historical | for Bolzano (PUM
industrial building 2020)
3 Hemp fibre-insulated | PV field on the roofs of the Black | Only electric
wooden envelope Monolith and the adjacent historical | vehicles
industrial building

3. Results

In order to be able to compare the impact of OE, EE and TE, we have normalized the energy
figures to kWh per year and the CO,-eq. emissions to kg or tons per year. Figure 1 reports the
overall LCE for the three scenarios.

Scenario 1 is the as is situation. The OE amounts to 38.5 kWh/(m? year). The PV field on the roof
of the Black Monolith is estimated to produce 49.7 kWh/(m? year). OE, EE and TE share 43%, 27%
and 30% of the total LCE, respectively. 50% of the CO,-eq. emissions are due to transport
(“transport carbon”), 36% are due to building operation and 14% are due to “embodied carbon”.
Scenario 2 represents an intermediate solution. OE, EE and TE share 6%, 43% and 51% of the
total LCE, respectively. The high shares of TE and EE are due to the use of cars and EPS and
XPS as envelope insulation materials. If TE is not considered, EE amounts to 87% and OE to 13%
of the total LCE. Although the PE consumption due to transport is different from that in Scenario 1
by less than 1%, the CO,-eq. emissions are reduced by 38%. Nevertheless, transport is mainly
responsible for carbon emissions (72% of the total carbon emissions).

In Scenario 3, EE amounts to 50%, OE to 8% and TE to 42% of the total LCE. The CO,-eq.
emissions are 73% caused by transport (“transport carbon”). “Embodied carbon” amounts to 27%
and is lower than 1% during the operational phase.

Scenarios 2 and 3 demonstrate the potential and the importance of mobility plans tailored to the
commuters’ needs. Transport energy may

500000 account for 50% of the total LCE and
substituting the current transport network
400000 - with a network based on electric vehicles

(shared cars, buses, trams and trains)
supplied by RES, PE savings due to
soE | transport of up to 60% could be achieved.
EE | We conclude that a comprehensive LCA
200000 1 "TE | that takes into account OE, EE, TE,
carbon emissions and environmental
100000 - impact factors such as GWP, AP, ADP,
etc. should be part of every integrated
0 design and tendering procedure for highly
scenario 1 scenario 2 scenario 3 energy efficient and sustainable new

Fig. 1: Shares of OE, EE and TE in LCE for the scenar- Officeé buildings.
ios listed in Table 1
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Extended Abstract

In the year 2004 the Medical University of Graz (Med Uni Graz) was founded as an
autonomous university and currently operates from several locations scattered across the city
of Graz. The MED CAMPUS will combine the university with the existing university hospital in
one unified location[1]. Physical contiguity will do more than solve the difficulties of the current
situation; it will enable teaching, research & development and patient care to reach an
international level of excellence.

The project area consists of two construction sites where twelve institutes are combined in
four centres. These will include teaching facilities, administration offices, a library, a canteen,
an assembly hall, and space for start-up companies operating in related fields. The building
complex as a modern university, research and communication centre will have space for
around 1700 employees and 4300 students.

From the project’s inception, the office of the university’s rector managed its development as a
sustainable and healthy property in the broadest sense, and this resulted in sustainability
quality targets being included in the public competition requirements. The project is currently
being certified with a DGNB/OGNI Certification of Lab Buildings [2].

The present contribution describes the approach chosen by the university as customer and
user, and key milestones for implementing sustainability targets in the planning of the campus.
The effects of this strategy on the results of the project are presented.
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In summary, it can be said that as far as can be judged at present, the very ambitious goals of
the Med Uni Graz for the sustainability of the buildings will be reached. The extra effort of the
design process is therefore worthwhile from the point of view of the Med Uni Graz.

The future will reveal how far this extra design and organizational effort can be reduced by
developing standardized instruments and procedures. However, it does appear that the best
solutions will always be highly specific to the location and the planned uses of the buildings. If
we consider that diversity often seems to be one of the best survival plans, then this finding
can be seen in a positive light.
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Abstract

The project serves the goal of providing an example of an architectural interesting house
which realizes the capacity the passive house concept as well as of extensive passive and
active solar techniques. The building should demonstrate that it can produce the same
amount of energy than is needed over the year - even in northern countries. A progressive
architectural concept was used to create a model single-familiy building: it is based on the
passive house idea, using the energy of the ground and of the sun (thermal active, passive
and PV). Since the winter sun has to contribute a big part of the heating of the house the
south side of it is opened with big windows. This goes back to the fact that just in the south
fagcade windows can give a positive balance over the heating season (and not windows at
other orientations). Like a second facade and a second skin a simple construction overlaps
the southern fagade and the roof. This construction helps to keep the south side of the
house at summer in shadow. This second facade carries above the roof 90 m? of
photovoltaic panels. On the northern side of the roof integrated slanted thermal collectors
(12 m?) give space for a natural summer ventilation system for the house (beside of the
summer the ventilation is done with the usual mechanical passive house ventilation system).
Those roof collectors are optimized for the summer sun (warm water production). Integrated
in the facade thermal collectors are optimized for the winter operation (13 m? for heating and
warm water). Those vertical collectors gain special profit from the deep inclination of the
winter sun and from the permanent snow reflection at this time. Prototype architecture for
Estonian conditions demonstrates that even in a cold northern climate it is possible to build
energy productive houses. Main attention should be on aspects to reduce heat losses.

The building described in this paper uses the passive house concept for a Nordic country
and should serve as a model for passive and plus energy buildings in northern latitudes. The
building is housing for a typical Estonian family with 5 members and should demonstrate that
a passive house concept combined with active solar technologies can produce same
amount energy than is needed over the year - even in northern countries.
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Summary

This paper presents general recommendations to move towards a new generation of building LCA
tools. They are based on the findings from the recent European project EeBGuide. This project
developed a comprehensive guidance document as an online InfoHub for building LCA
practitioners and LCA tool developers. The major outcomes are a proposal for adapting the data,
calculation rules and methodology according to three different study types: screening, simplified
and complete LCA. These study types let the possibility to conduct a LCA study in an early stage of
a building by focusing e.g. on default values and adapted calculations rules while more detailed
data can be chosen for specific assessment.

Keywords: LCA tools, buildings, products and equipment, water, energy consumption, screening,
simplified, complete assessment.

1. Introduction

As new buildings now consume about the same amount of energy during an average 50 year
lifespan as it is necessary to build them, new assessment methodologies encompassing the whole
life cycle of building are required. Life Cycle Assessment (LCA) studies based on ISO 14040-44,
the ILCD Handbook) are being used more and more by leading practitioners as a means of
demonstrating the "whole life” energy efficiency of buildings.

Though previous papers on building LCA research perspectives recommend integrating the
existing body of knowledge (i.e. ISO 14040-44, ILCD, recent CEN standards EN 15804 and EN
15978 for building LCA), it is unclear how a tool developer or a practitioner can currently do it due
to current inconsistencies and diverging guidance. As a consequence, the European landscape of
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LCA calculation rules is not dominated by harmonized methods, these inconsistencies being also
found in available building LCA tools.

2. Proposal for an improved framework for building LCA

The proposal consists in a list of important aspects to be taken into account for building LCA under
different goal definitions e.g. assessment of a building stock, comparison of design alternatives
within a design team, assessment of the environmental performance of a building, comparative
assertions etc. The framework and the description of the aspects have been defined by a
European LCA expert group including a panel of review experts as well as a public consultation
process to get feedbacks from stakeholders on these recommendations. One of the major
outcomes of EeBGuide is to propose harmonization of the life cycle stages based on EN 15978,
distinction between consequential and attributional LCA, breakdown of the results per contributors.
The full list of important general aspects to take into account in building LCA are reported in the
online InfoHub for each step of the LCA framework.

3. Proposal for three building LCA study types

In this section, a proposal for three study types is described for three contributors of the
environmental impacts of a building: the impact related to building products and equipment, the
impact related to the energy consumption and the impact related to the water consumption.
Conducting LCA may be very time consuming and is not very often matching the design team
needs [22]. As a result, screening and simplified LCA are proposed here to help during the early
design or for quick assessment where no detailed modelling is possible due to a lack of information.
In opposite complete LCA provides a broader scope with more requirements in terms of cut-off
rules or specific data. More precisions on screening and simplified methods are proposed in [25]. A
full description of the study types for each contributor is also available in the InfoHub of the
EeBGuide project [18].

4. Example of the use of the study types

A LCA analysis was undertaken in the context of the French pilot project HQE performance [26]
concerning the assessment of the environmental performance of an individual house. To be in line
with the requirements of HQE Performance project, a detailed assessment was chosen for these
contributors. In addition, the three study types (i.e. screening, simplified and complete LCA — see
Figure 3) were performed for one contributor, i.e. the water consumption. The results show that the
study type does not mislead the assessment interpretation, since the same order of magnitude is
found for the different indicators. The deviation between the results is not linked to the complexity
of the study type. It can be concluded that each study type should be used according to the
stakeholders’ needs and data availability.

5. Conclusions and perspectives

If the LCA approach is to be applied in ecodesign, research projects, but also in building labelling
schemes and EPD schemes, LCA practitioners need on the one hand provision and guidance, and
on the other hand should be supported by reliable and easy-to-use building LCA tools. The
proposal presented in this paper aimed at integrating the important aspects identified for building
LCA in the European EeBGuide project and the proposed study types (screening simplified and
complete). Other outcomes include the structuring of the results according to the life cycle stages
of EN 15804 and EN 15978 standards for increasing the comparability of European LCA studies,
the breakdown the results and the calculation rules per contributor. Finally it is important to move
towards a core and consistent set of data, rules and indicators for the new generation of LCA tools
to have more comparable building LCA results. In that perspective, it seems relevant to have core
rules at the European level and then more detailed guidance e.g. within each European country.
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Short Summary

The main constrain for the widespread use of LCA in the building sector is the lack of
environmental data for most building materials, products and technologies. Based in the work of
CEN TC 350 and in the work of iiSBE Portugal in the development of the Portuguese rating system
SBTool”™, this paper aims at presenting and discussing the development of a method to simplify
LCA for effective use during the design phase and in the processes of building sustainability
assessment.

Keywords:Database, LCIA, LCA, Environmental performance, Sustainability

1. Introduction

The two most important barriers for the quantification of the environmental indicators and therefore
to the incorporation of LCA in rating systems are [1]: a lack of LCI data for all building products and
the inherent subjectivity of LCA. Environmental Product Declarations (EPDs) are a good source of
quantified information of LCl environmental impact data. In order to potentiate their use, rating
systems should be based in the same LCA categories, as stated in the CEN standard.
Nevertheless, at the moment, there are important limitations on this approach, since there is only a
small number of companies either having or making publicly the EPD of their products.

This paper proposes a solution to overcome the abovementioned problems that is based in the
development and use of databases with the LCIA data of the most used building materials and
components. Therefore, based in the work of CEN TC 350 and in the work of iiSBE Portugal (in the
development of the Portuguese rating system SBTool”™®), this paper will present and discuss the
development of an LCIA database with the environmental data for conventional and non-
conventional Portuguese building solutions (macro-components). A macro-component is, according
to our definition, a component of a building for which a technical specification can be given in
relation to a set of essential structural characteristics and that is actually a combination of various
materials. This database is continuously updated and covers common building technologies for
each building macro-component (floors, external walls, partition walls, roofs, windows and doors),
the most used building materials and the impacts of the transportation processes, according to the
used type of transportation.
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2. LCIA database of SBTool"™
2.1 Environmental impact categories

The developed LCIA database covers the six parameters that describe environmental impacts,
according to EN 15804:2012.

2.2 Communication format

Figure 1 presents how the information is organized in the LCIA database for a building macro-
component and the list of environmental indicators and LCIA methods used. In the database of the
building components the quantification is presented per each component’s unit of area (m?) and in
the materials database, figures present the environmental impacts per each unit of mass (kg).
Quantification is presented for two life-cycle stages: “cradle to gate” and “demolition/disposal’.
Using this database it is possible to estimate the overall impact of a building using a bottom-up up
approach. The quantification begins at the level of the embodied environmental impacts in building
materials and ends at the whole building scale. To evaluate the transportation impacts, the
designer must know (for each building material or product) the distance from the factory to the
construction site and the distance from the construction site to the recycling/management centre.
By multiplying the distance (km) by the weight (ton) and by the unitary impacts associated to the
used type of transportation it is possible to estimate the transportation impacts of the building
technology. Adding the transportation impacts to the figures presented in Figure 1 it is possible to
estimate the overall life-cycle impacts of a building technology.

At this stage, the developed database covers more than 100 macro-components of buildings (16
floors, 28 external walls, 22 partition walls, 23 roofs and 18 types of windows), 47 construction
materials and the potential environmental impacts associated to the use of 12 acclimatization and
hot water production equipments [2].

Building Collaborating slab (with steel structure and lost steel formwork) for floors Ref:
technology Floor 10
Life-cycle Environmental impact categories Embodied energy
stages ADP' GWP ODP AP? POCP>  EP° ENR ER®
Cradle-to-
3,84E-01  5,79E+01  2,10E-06 1,69E-01 2,32E-02 3,31E-02  7,08E+02 1,55E+01
gate
End-of-life 1,02E-01  1,48E+01  2,39E-06 7,00E-02 2,70E-03 1,46E-02  2,35E+02 1,37E+00
Total 4,86E-01  7,27E+01  4,49E-06 2,39E-01 2,59E-02 4,77E-02  9,42E+02 1,69E+01

Comments: Considered materials: Concrete and steel (including steel panels, profiles and reinforc-

ing steel bars)

LCIA methods: CML 2 baseline 2000 version 2.04 (to assess the environmental impact

categories) and Cumulative Energy Demand version 1.04 (to assess the embodied ener-

gé)l libraries: Ecoinvent system process and ETH-ESU 96 system process
Notes: *Abiotic depletion potential in kg Sh equivalents; >Global warming potential in kg CO, equivalents; *0Ozone depletion potential in kg CFC-11
equivalents; *Acidification potential in kg SO, equivalents; *Photochemical ozone creation potential kg C,H, equivalents; °Eutrophication potential in
kg PO, equivalents; "Non-renewable embodied energy in MJ equivalents; ®Renewable embodied energy in MJ equivalents.

Fig. 1: Part of the SBTool”™® LCIA database
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Summary

The construction sector is responsible of several environmental impacts among which energy
and water consumption, climate change and waste generation. For instance, the primary
energy consumption for regulatory uses (heating, air-conditioning, ventilation and hot water)
on a 50-year period for a French building is about the same as the embodied energy for its
manufacturing and construction processes. In this context, new assessment tools are
required to assess the global environmental performances. Thus, there is a growing need to
assess the environmental performance of buildings by means of Life Cycle Assessment
(LCA). Databases are also needed to make available Life Cycle Inventory data of building
materials and processes for each national context. However, in Brazil, few data have been
provided so far by the building industry e.g. by means of Environmental Product Declaration
(EPD). Two solutions can be distinguished: development a new national LCI database or
adaptation of existing LCI databases. If the first option is the most relevant, it requires time
and resources, while the second solution is scientifically acceptable and practicable.

The aim of this paper is to present an approach to adapt existing LCl data of building
products for the Brazilian context in order to propose a set of consistent and representative
LCI datasets. The approach is based on literature researches, analyses of Brazilian and
generic LCI data and on the adaptation of European LCI data for the Brazilian context for
some key parameters e.g. the energy mixes, the types and distances of transportation. The
feasibility of the methodology is then supported by case studies comparing the environmental
indicators of concrete, considering the use of Brazilian, original and adapted LCI data.

The approach can be easily applied to other building products. The comparisons show the
weaknesses of some Brazilian data e.g. in terms of completeness of the system boundaries.
The results for primary energy and global warming potential indicators show that the adapted
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LCI data is found to have less impact than the indicators calculated with the original LCI
(differences between 5 and 10%). This is mainly explained by the efficiency of the Brazilian
energy mix despite the large consumption of the non-renewable energy due to the type and
distance of transportation. The adapted LCI must now be improved e.g. by working closely
with Brazilian producers to get more accurate data on the foreground processes.

Key-words: performance, environmental requirements, Life Cycle Inventory — LCI,
Life Cycle Impacts Assessment — LCIA.
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Short Summary

Continuously changing household needs and evolving building standards require a frequent
upgrade and renovation of our existing residential building stock. A lack of adaptability of buildings,
however, often leads to destructive interventions, resulting in financial and environmental impacts.
The goal of this paper is to contribute to the search for new design concepts enabling easier and
more cost-effective upgrade and renovation of buildings. It should moreover contribute in achieving
a lower life cycle environmental impact. A more dynamic design is evaluated in the specific context
of a social housing project in Mechelen (Belgium). In this context, building elements with reversible
detailing techniques facilitating disassembly and component reuse are compared to more
traditional static elements. The benefits and drawbacks are assessed at the building level using a
life cycle approach of economic and environmental aspects, i.e. a Life Cycle Costing (LCC) and
Life Cycle Assessment (LCA). Different renovation scenarios are simulated focussing on the
internal restructuring of the housing units. Two alternatives were investigated: dynamic assemblies
of all internal walls versus dynamic assemblies of only those internal walls which are expected to
change more frequently. The analysis revealed that the building concept and layout are important
for making more dynamic design beneficial or not. Building layouts which provide opportunities for
change generally require limited constructive adaptations during the building life span. Application
of dynamic assemblies to only those walls which are assumed to be changed in future is then
preferred over an application to all internal walls. This could be called a ‘selective’ approach. Such
a ‘selective’ approach can result in life cycle environmental benefits while the additional financial
costs remain limited.

Keywords:adaptability; building level, life cycle assessment; life cycle costing; renovation.

1. Extended abstract

Continuously changing household needs and evolving building standards require a frequent
upgrade and renovation of our existing residential building stock. A lack of adaptability of buildings,
however, often leads to destructive interventions, resulting in financial and environmental impacts.
To avoid these, a more dynamic design approach can be proposed, using concepts like
disassembly, adaptability, transformability and multi-functionality. The basic principle is the
integration of time as design parameter in order to enable buildings to deal with changing needs
over their building life cycle [1].
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The goal of this paper is to apply and evaluate a dynamic design approach in the specific context
of the upgrade of the social housing neighbourhood “Mahatma Gandhi” in Mechelen (Belgium).
The focus is set on the evaluation of a number of representative renovation scenarios at the
building level, considering dynamic alternatives for internal wall systems (i.e. assemblies using
reversible detailing techniques, in order to facilitate disassembly and component reuse) [1]. The
benefits and drawbacks of these dynamic alternatives are assessed using an integrated life cycle
approach combining economic and environmental aspects, i.e. a Life Cycle Costing (LCC) and Life
Cycle Assessment (LCA) [3],[4].

The case study focuses on one specific building block and consists of a qualitative and quantitative
assessment. In the qualitative assessment the adaptability of the design proposal is evaluated in
terms of construction method, characteristics of the building layer and plan layout of the housing
units. This analysis revealed that different aspects related to adaptability are integrated in the case
study (e.g. flexible plan-layout, space and technical clustering, adaptability for wheel chair users,
external circulation). In the quantitative assessment different renovation scenarios are simulated
focussing on the internal restructuring of the housing units (i.e. transformation of a two-bedroom
apartment to a one-bedroom apartment). For each renovation scenario two alternatives for the
traditional (static) wall systems are compared with (a) dynamic assemblies of all internal walls and
(b) dynamic assemblies of only those internal walls which are expected to change more frequently.
The analytical results revealed that the benefits of the dynamic design of the internal walls
compared to static wall systems depend on the renovation scenario (required layout adaptations)
and on the considered indicator (for example lower life cycle environmental impact but higher life
cycle financial cost).

It can be concluded that the building concept and layout are important to make dynamic design
beneficial or not. Due to the flexible plan-layout of the case study, renovation scenarios required
only limited interventions and hence a generalized use of dynamic assemblies were found not
beneficial, neither from an environmental nor financial perspective. Instead, a more selective
application of dynamic assemblies, i.e. to only those walls which are assumed to be changed in
future should be preferred. This selective approach can result in life cycle environmental benefits
while the additional financial costs remain limited.
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Short Summary

Over the past years organisation committees of mega-events, like Olympic Games or European or
World Football Championships, have more and more been demanding for the evaluation of the
sustainability performance of their venues. These assessments have been made with different
instruments and a comparison of the sustainability is not yet possible at all. Therefore the abstract
will show a new common set of sustainability indicators for the whole life-cycle of mega-event
venues that integrate ecological, social, and criteria, as well as aspects for sport events.

Keywords: Sustainable mega-event venues, sport facilities, planning instruments, assessment
methods

1. Introduction

Mega-event venues are not only sport facilities, they stand for national and regional representation
and shall show the competence of technology, engineering and architecture of the Olympic cities or
European or World Football Championships countries. In the last years the organisation
committees of sport events are demanding for environmental assessments for their temporary and
long-lasting buildings (venues, multi-functional halls, exhibition centres etc.) and also tools for
legacy and sustainability aspects have been implemented in the planning process of mega-event
venues to guarantee ecological, economic and social infrastructures for sport events. Further on
slogans, like ,Green Games® or ,The Greenest Games in modern times“ have been shown during
the recent Olympic Games, like Beijing 2008, Vancouver 2010 or London 2012. But are these
slogans just a “Greenwashing” or will these ,,Green Games* or ,Green Venues* concepts be reality?

2. Green and Sustainability Assessment Methods for Mega-Event Ven-
ues

To implement sustainable concepts in Olympic Games or in Football World and European
Championships, the IOC (International Olympic Committee) and also the FIFA/ UEFA (International
Football Association Board/ Federal International Football Association/ Union of European Football
Associations) have started to demand for sustainability impact assessments for venues since a
couple of years. Regarding to this demand different sustainable planning concepts and the use of
sustainability assessment methods have been adopted by the host cities and organisation teams.
Examples are the venues of the Vancouver 2010 Olympic Winter Games (LEED Canada
certification), the London 2012 Olympic Games (BREEAM certification) or for the Stadia for the
Football World Cup of Brasilia (LEED U.S. certification). But this process is just at the beginning

SB13 Graz



126

and the implementation of sustainability aspects into mega-event venues is still on an early stage.

3. Criteria and indicators for the Sustainability Performance of Mega-
Event Venues

At the moment a comparison of the sustainability performance of mega-event buildings is not yet
possible at all. In most cases just ecological aspects and the use of the buildings during the mega-
event were analysed. Social, economic, technical, functional, process and site orientated criteria,
as well as the re-use of the buildings after the event have not been addressed so far.

Therefore the abstract shows a new common set of criteria, indicators and benchmarks for the

sustainability performance of mega-event architecture. The evaluation method for sustainable

mega-event venues has to consider ecological, economic, and socio-cultural points similarly, as
well as technical, process and site aspects. Besides the six pillars model, special aspects of mega-

events has to be considered as well. An overview is given in the following [1 und 2]:

= Ecological quality: resources, energy, life cycle assessment (LCA), water, waste, materials, land
use, recycling, biodiversity etc.

» Socio-cultural and functional quality: comfort, healthiness, user, barrier free accessibility, area
efficiency, reuse, security, public accessibility, service comfort, architecture and design, regional
and cultural aspects, innovation etc.

= Economical quality: value stability, life cycle costs etc.

» Technical quality: fire protection, durability, cleaning and maintenance, resistance against hail,
storm, high water and earthquake, technical building equipment, building shell, ease of
deconstruction etc.

» Process quality: planning process, integral planning, tendering, construction site, operation etc.

» Site quality: risks at the site, options for transportation, circumstances at the site, bicycle comfort,
image and conditions at the neighbourhood, vicinity of amenities etc.

» Quality of mega-event buildings: reuse and legacy, temporary and existing buildings, sport
functional aspects etc.

This set of indicators is based on the results of the dissertation “Sustainability of Olympic Venues”
that was published in 2010 [1], and on the outcomes of the research project “Guidelines for
Sustainable Venues of Mega-Events” that was supported by the BMWi (Federal Ministry for
Economics and Technics) from 2012 to 2013 [2]. The main goal of these projects was to develop a
guideline for the assessment of buildings of mega-events in order to be able to compare the
sustainability of mega-event buildings over the whole life-cycle (design, event, post-event and end-
of-life). During these studies, analyses of the concepts and impact assessments for recent Olympic
Games and Football Championships have been done. Also sustainability reports of NGOs, like
UNEP, Greenpeace or WWF have been integrated into the analyses, as well as the sustainability
guidelines and regulations of the IOC and the FIFA/ UEFA.
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Short Summary

The OGNB offers a comprehensive sustainability criteria framework for residential and non-
residential buildings which should be used from the very beginning of a building project. In 2012,
OGNB organised a series of workshops for the OGNB members to deal with concerns regarding
the related costs, on the one hand for the building assessment procedure itself, and on the other
hand regarding a potential increase in construction costs as a consequence of building
performance requirements. These review workshops resulted in many small adjustments, and in
addition, the workshop participants agreed on some major revisions, among others for the criteria
energy, building operation, accessibility without barriers, and fire safety, which represent selected
examples described in the full version of this paper. The revision of the building assessment
framework contributed to the discussions among the OGNB members and initiated discussions in
the respective associations and companies. It did not only improve the assessment framework but
also contributed to awareness creation regarding the costs of the building assessment itself, the
feasibility of the required building performance and the associated construction and life cycle costs,
thus revealing the need and the potential for technological innovations.

Keywords:Green building; building assessment; integrated planning; building optimization

1. Introduction

The OGNB - Osterreichische Gesellschaft fiir Nachhaltiges Bauen (English: Austrian Sustainable
Building Council) builds on the experience gained from the participation of its founding members in
the international Green Building Challenge starting from 1996. Austria joined 1998 and experts
from different fields developed the first Austrian building assessment scheme with the support of
three Austrian Federal Ministries. [1] Today, OGNB still runs this building assessment scheme in
the form of a further developed version and offers also building certification based on this system.
Above all, the building assessment scheme is used as a communication and information tool as
well as an instrument to facilitate change in the construction sector. In this regard, in 2012 a
sequence of criteria-review workshops has been conducted with the members of the OGNB, to
discuss the assessment criteria, the targets, allocation of scores and required supporting
documents in the light of new technical developments, changing framework conditions, lessons
learnt from previous building assessments, European research projects and experiences of other
building assessment schemes offered in Europe.

This conference contribution presents selected results of the criteria-review workshops and their
implication on the assessment scheme, resulting in an adjusted version. Like the previous one, the
adjusted version is publicly accessible via the Internet, free of charge and available in English.

It is easy to understand and to operate and van be used in education, for quality control, risk
assessment and product innovations, in order to facilitate the change in the construction sector
towards environmental, economic, and social sustainability.
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2. Backgroundinformation: OGNB building assessmentprocedure

OGNB offers a comprehensive criteria framework for the sustainability assessment of residential
and non-residential buildings. It is available in the internet and corresponds with the web-based
tool which is applied to collect building related information during the building assessment process
to prove whether requirements are met or not. These are the so-called supporting documents
which are specified for each criterion to ensure the comparability of assessment results. In short,
the OGNB building assessment procedure is carried out in five steps:

e Building documentation using online declaration tools; carried out by consultants who are
appointed by the OGNB )

e Handover of submitted project to the OGNB and application for building surveying
Verification of proof by OGNB auditors, who are listed by the OGNB; if necessary revision
of proof by OGNB consultants )

e Approval of assessment results by OGNB after consulting with submitters
Publication of assessment results in OGNB press, above all on OGNB website

3. OGNB building assessment—reviewworkshops

OGNB members recognise ambitious building performance requirements to approach the goal of
sustainability in the building sector. However, there are also concerns regarding the related costs,
on the one hand for the assessment procedure itself, and on the other hand regarding a potential
increase in construction costs as a consequence of building performance requirements. In 2012,
OGNB organised review workshops to deal with these concerns and to elaborate the basis for
revising the assessment criteria, scales and guidelines accordingly.
The main objectives of the review were the following ones:
e To compare assessment criteria and targets with the technical development and the
development regarding the regulatory framework, and to agree on necessary adaptations
e To check whether the procedure to produce supporting documents can be simplified
e To analyse the relation between the efforts needed to meet a requirement and the scores
allocated to this requirement, and to agree on necessary adaptations
The review workshops resulted in many small adjustments, based on the experience gained during
the application of the criteria, scales and guidelines, and the utilisation of the assessment tool.
In addition, the workshop participants agreed on some major revisions such as for the following
criteria representing selected examples which are described in the full version of the paper:
e Energy (adapt to change of regulation to save effort for preparing supporting documents)
¢ Building operation (in view of nearly zero energy buildings and plus-energy buildings: what
to consider to ensure low energy consumption during building operation)
o Accessibility without barriers (take into account construction costs of building assessment
requirement)
e Fire safety (relation between the efforts needed to meet a requirement and the scores
allocated)

4. Conclusion

The revision of the building assessment framework contributed to discussion among the OGNB
members and initiated discussions in the respective associations and companies. It did not only
improve the assessment framework but also contributed to awareness creation regarding the costs
of the building assessment itself, the feasibility of the required building performance and the
associated construction and life cycle costs, thus revealing the need and the potential for
technological innovations.
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Short Summary

The development and implementation of a sustainability certification methodology for buildings is
considered to be a milestone of establishing principles for sustainable construction. In order to
anchor this approach as widely as possible within the construction practice a continual extension of
the certification methodology for different types of buildings is necessary. This paper outlines such
a process on the basis of the system development and implementation for sustainable educational
buildings.

Keywords: Sustainability; certification methodology; educational facilities; new system
implementation

Extended Abstract

The construction and real estate industry is regarded as one of the key sectors for a sustainable
development. The German Federal Government takes this into account and addresses the sector
in its national sustainable development strategy accordingly. For many years the establishment of
principles for sustainable construction has been a fundamental part of this strategy, especially
concerning public construction projects. Therefore it is necessary to document the ecological,
economic and social sustainability performance of buildings transparently and checkable. To
realize these requirements the certification methodology “Nachhaltiges Bauen des Bundes (BNB)”
was developed involving important stakeholders and launched as a basic system appropriate for
the typology of office buildings.

But a broad anchoring of the strategic approach requires a certification methodology’s extension
for different building typologies. And educational buildings are such a highly relevant typology
because the corresponding real estate represents a significant part of the entire public buildings
portfolio [1]. This further development of the BNB-basic system is challenging because the different
forms of use to be mapped vary considerably and the consequential heterogeneity of the user
structure leads to an enormous range of requirements and quality respectively sustainability criteria.
Although several assessment criteria of the BNB-basic system could be adopted, a large number
of criteria had to be adjusted to specific needs of educational buildings. Furthermore additional
criteria had to be developed for the aimed system version “Nachhaltige Unterrichtsgebaude”[2].
Thereby the assessment methods and levels had to be configured without advantaging or
discriminating one special form of use.

For the last few months the first version of a system draft for sustainable educational buildings has
been tested intensively by implementing a phase of initial application. As part of a research project
in total seven new built educational buildings of different forms of use were selected as pilot
projects assessed by using the system draft for sustainable educational buildings. One of the key
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findings of the initial application is that the system draft is basically suitable for a sustainability
assessment of multiple forms of educational buildings. But secondly particular assessment criteria
were not adequately specific to map different forms of use or showed selective blurs in assessment
levels. Lastly several assessment methods left inacceptable margins for interpretation by their
application [3].

This diagnosis including the identified need for action was subsequently transformed into a
strategic approach of finalising the system draft towards an operational market version for
sustainable educational buildings. The according measures were to increase the specificity of
assessment criteria by considering different forms of building usage within the cluster of
educational buildings explicitly as well as to enhance their selectivity through a more precise
partition of the assessment benchmarks and a new configuration of guantitative assessment
methods i.e. by narrative substantiation. Since sustainability certification methodology always has
to be adjusted to technical or scientific progress the system version “Nachhaltige
Unterrichtsgebaude” will be subject to a continuous process of developing and updating in the
future.
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In recent years Life Cycle Assessments (LCA) in the building sector has increasingly gained
in importance. They are applied in the certification of sustainable construction (e.g. BREAM,
HQE, VERDE, DGNB), provide a base for environmental declaration of building products
(EPD) and progressively serve as well for decision support. Nevertheless on an European
level LCA still faces some challenges. For future progress in LCA it is important that these
are transparently pointed out and discussed within LCA experts. Therefore the major
challenges figured in the European research projects OPEN HOUSE [1] and EeBGuide [2]
are addressed and set in the overall European context:

¢ Inconsistency of legislative guidelines and standards

The different available legislative guidelines (e.g. ILCD handbook) and standards
(e.g. 1SO14040, 1SO14044, EN15804, EN15978) differ from each other regarding
Lifecycle Impact Assessment (LCIA) and other LCA related methodological aspects.

¢ Availability and inconsistency of LCA datasets and EPD [3]

So far the maijority of available datasets are not consistent regarding modelling
principles and also the documentation of these datasets are usually not sufficient.

¢ Inconsistency in LCA approach for labelling schemes
Another problem is the differing LCA approach in the different labelling schemes.
Building labelling schemes use their own individual sets of calculation rules for
building LCA, and maybe just refer to EN 15978 but are not compliant with.

o Reference service life
Besides basic principles mentioned in ISO 15686, data about average service lives
and laboratory findings regarding repair, refurbishment and maintenance of
construction products are so far very rare.

e Surface calculation methodologies and national EPBD versions
Another challenge for building LCA on an European level are the different surface
calculation methodologies and national EPBD versions. Both are crucial input data
for building LCA, but differ by large numbers depending on the country.

All in all LCA in construction already passed a long way and established the life cycle
thinking idea in construction industry. But there is a huge need for standardization and
harmonization on a European level in order to maximize the output of every LCA study and
to be able to rely on these results.
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The presentation will focus on these mentioned major challenges. Emphasis will be given to
explaining the challenges and approaches of future research projects and standardization
work.
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Short Summary

In March 2011, the reworked Guideline for Sustainable Building was introduced by the German
Federal Ministry of Transport, Building and Urban Development (BMVBS). Thus the Federal
Building Authorities were obliged by edict to evaluate Office and Administration Buildings, using the
Assessment System for Sustainable Building (BNB).

Every assessment system requires the most diverse basic data and practical instruments to work
efficiently. Parallel to the BNB-System several tools and instrument were developed, involving the
working groups of the Round Table of Sustainable Building. Furthermore several schemata and
tableau are supporting the user in the planning and building process as well as in evaluating the
building with the BNB-System.

1. Introduction

According to the national Sustainability Strategy the German Federal Ministry of Transport, Build-
ing and Urban Development (BMVBS) the Guideline for Sustainable Building was revised and
completed in 1012/13 [1]. The first time this guideline was published in 2001. It was made obliga-
tory for the Federal Building Authorities and operate as a practical aid in the planning phase, the
construction, the utilisation including the structural maintenance and the modernisation. In March
2011, a reworked version of the Guideline for Sustainable Building was introduced by the German
Federal Ministry of Transport, Building and Urban Development (BMVBS). Thus the Federal Build-
ing Authorities were obliged by edict to evaluate Office and Administration Buildings, using the As-
sessment System for Sustainable Building (BNB). Using the Assessment System is voluntary for
other building authorities, such as Federal States, municipalities or the private sector.

The Guideline for Sustainable Building is structured as follows:

General Part

Part A Basic Principles of Sustainable Building

Part B New Buildings

Part C Recommendations for Sustainable Operation and Maintenance
Part D Building Stock / Modernisation

The Guideline directly refers to the Assessment System for Sustainable Building (BNB) [2], based
on several research project, financed by the BMVBS research initiative “Future Building”. The qual-
ity of sustainability, as requested in the Guideline with silver level, is to verify by using the BNB-
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System. This system based on a holistic assessment procedure which considers the life cycle of a
building and a comprehensive quantification.

2. Practical Aids and Tools

Every assessment system requires the most diverse basic data and practical instruments to work

efficiently. Parallel to the BNB-System several tools and instrument were developed, involving the

working groups of the Round Table of Sustainable Building. At present three important instruments
are available:

WECOBIS (Web-based Ecological Building Material Information System)
Okobau.dat (German building material database)

Use life of Construction Parts

Checklists and worksheets.

WECOBIS as a “Web-based ecological building material information system” supports the planning
team with qualitative information to sanitary and ecological aspects of building material.

The Okobau.dat contained generic quantitative information on the ecological quality of building
material. The Okobau.dat is used in the Life cycle assessment (LCA) and other criteria. It based on
the Environmental Product Declarations (EPD) with proved manufacturer based information (envi-
ronmental indicators). They are available for various building products and are undergoing an in-
dependent review.

The Table of Use Life gives information about the average useful life of building material and con-
structions.

Furthermore several schemata and tableau are supporting the user in the planning and building
process as well as in evaluating the building with the BNB-System.

In the moment a research project is in progress, in which an EDP-aided assessment and docu-
mentary report (eBNB) is to work out. This report has to take into account the requirements of the
criteria of the BNB-System, but also important framework conditions of the public building sector,
as the “Guideline for the Realisation of Federal Building Measures (RBBau)”.

3. Conclusions

The Guideline for Sustainable Building will be implemented into the practical work of the Federal
Building Authorities. The Assessment System BNB enables a transparent, objective and
comprehendible evaluation or qualification of the sustainability of buildings. The publication is
carried out with the Information Portal Sustainable Building “www.nachhaltigesbauen.de”.
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Short Summary

In order to develop a methodology for building ecological and economic assessment and
optimization from the early design stage, a framework that facilitates the integration of Life Cycle
Assessment (LCA) and Life Cycle Costing (LCC) with Building Information Modelling (BIM) is
proposed. Buildings are described in the Revit model as assemblies with information of
construction, material and cost, whereas in the LCA and LCC model, they are described as
elements of different life spans, which are linked to the life cycle inventory (LCI) data of building
materials. Energy load is calculated with Energyplus and related to inventory data of Chinese
energy products. BIM provides a parametric database including cost, material, and elements
related to a visual interface during the whole process. This framework is applied to a retrofit project
in Tianjin.

Keywords: BIM, LCA, LCC; building; assessment; China

1. Introduction

The development of building stock accounts for considerable part of energy consumption and
environmental impact in the Chinese cities. The design of more performing new buildings, the
renovation of existing buildings and the material recycling in the end-of-life phases need new
assessment tools. The resulting environmental impacts, energy consumption and life cycle costs
must be estimated in a consistent way to avoid partial decisions. A common framework with
calculation tools concerning new buildings and refurbishment will be the basis for design and
management decisions as well as for advanced sustainability certificates.

This contribution aims to develop an integrated BIM-LCA framework with supporting tools that can
be easily applied to the designing and evaluating process of the Chinese buildings. The
methodology could enhance the efficiency and accuracy of the assessment. It also helps evaluate
and optimize the project from the early design stage.

2. Methodology

The assembly database is the bridge that links BIM to LCA. The assembly category and material
schedules derived from BIM can be imported in the integrated LCA model and be linked to LCI
data and costs, so that the inventory analysis of building LCA can be largely simplified. Moreover,
the information of life cycle impacts and costs of the assemblies can be reimported to the BIM
database, which helps the designers to choose building elements with low environmental impacts
in the early design stage.

The BIM model can also carry information for operational energy calculation, such as the U values
of building elements, window to wall ratio and space information. The results from energy
simulation tools are linked to the integrated LCA and LCC model, too.

An integrated LCA and LCC model is built using Chinese data with Excel program, because it
conveniently matches to the BIM take-off schedule. In the model, buildings are described as
assemblies with the information of construction details and material composition.
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Fig. 1: Framework for integrated BIM-LCA methodology

As the first step of the BIM-LCA model, major assemblies are chosen from the standard drawings
and are described as families of different categories (e.g. walls, windows, doors, floors, roofs) in
Revit. On this basis, buildings can be described and information for energy calculation and the
input data for LCA can be deduced. Design-builder based on Energyplus is used to estimate
operational energy demand in order to get more reliable results.

3. Case study in Tianjin, China

Case study of a renovation project, a teaching and office building in Tianjin University is analyzed.
The old building was constructed in 1980. It is 4 stories with a gross floor area of 5380 m?. The
renovation aims to improve the energy efficiency and the comfort level of the building.

With the BIM-LCA methods and tools, the primary energy consumption, environmental impacts and
costs of the renovated building is analyzed. Different renovation strategies are compared. The
results demonstrate that the energy efficient renovation, especially the hybrid solar heating system
has a large contribution to improve the environmental performance of the building.

4. Conclusion
The parametric information databases of building assemblies, LCI data for building materials and
their costs are the foundation of Integrated BIM-LCA application. The first results from a renovation

project shows that the BIM-LCA methodology based on Autodesk Revit, energy simulation tools
and excel program for LCA and LCC can support the optimization and evaluation of the project.
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Short Summary

The transition in the sustainability assessment from a qualitative to a quantitative evaluation
increases the need to exchange and adapt data related not only to the technical and functional
requirements of the building but also to the sustainability oriented requirements throughout the life
cycle. Therefore, the integration of sustainable building assessment and benchmarking systems
with the different stages of BIM (Building Information Model) is suggested. This paper presents the
sustainable indicators developed in the frame of the SuperBuildings project and analyses how they
are supported by the latest version of BIM.

Keywords: Sustainable Assessment, Sustainable indicators, BIM, IFC, IFC4, Property Sets

1. Introduction to Sustainable Building Assessment

The assessment of the contribution of individual buildings to sustainable development is a complex
task. This has to do both with the specifics of the object of assessment and the complexity of the
assessment task. The object of assessment is the building including its plot. In the assessment the
entire life cycle of a building is included from the manufacture of building products to the
construction of the building on its plot as well as from the stage of operation, management and
maintenance to deconstruction and disposal.

Currently, in the sustainability assessment a shift is taking place. There is a transition from a
previously predominantly qualitative (e.g., presence of green roofs) to a predominantly quantitative
evaluation (e.g., calculation and evaluation of the GWP). For example, the Life Cycle Analysis is
applied, which combines the Life Cycle Assessment (LCA) with the Life Cycle Costing (LCC), while
this is often supplemented by a user satisfaction analysis, or a complaint management.

The management of data both on the life cycle of buildings (perspective of object of assessment)
and in the life cycle of buildings (perspective of a process of the life cycle of the building) becomes
essential.

2. The need for harmonised indicators

In the frame of the SuperBuildings project, more than 20 key indicators have been either selected,
or improved or developed, and documented through a structured format. They cover the 3 pillars of
sustainable development, but not all the related issues. Some are of particular interest and include
added-value because they have been newly developed, as land use, cultural heritage, aesthetic
guality, long term stability of economic value.
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The next step is now to identify if and how the integration of these sustainable indicators with the
BIM is feasible.

3. Relevance of a BIM based approach

The Acronym BIM is sometimes turned into “Building Information Model” or “Building Information
Modelling”, one representing more the concept and the other the approach. The notion of BIM
presents several facets of, among others, the most important ones are:

- It covers the whole life cycle of a building project;

- It is a structured collection of building and construction objects including physical components,
spaces, processes, and relationships between these objects. All of these objects may be
enriched by shared or specific properties. Quantities or values stored in these properties can be
reused as the source of information to perform calculations, analysis or simulations.

The concept of BIM is easy to understand but hard to turn into a tangible reality in a current
working environment as there is a strong need for an interoperable exchange format, rich enough
to allow ALL users / stakeholders working simultaneously around the same digital model to enrich
and retrieve data from the same single model. BuildingSMART International (neutral, international
and non for profit organisation coordinating technical and standardisation work around the BIM) is
supporting the notion of OPEN BIM and thus promoting the use of a unique exchange language to
dialogue with the BIM. This language is the IFC. Among others, one of the main assets of the BIM
is to provide a unique repository of data along the whole life cycle of a construction project. In
order to facilitate the understanding among the various actors, the exchange model and
corresponding language (IFC) is structured and documented to ensure a semantic continuity about
the information exchanged and stored at the various phases. It appears that:
- For the Environmental indicators 10 (among thel2 studied) have a direct equivalent in IFC, one
has an indirect support and one is not supported,
- For the Societal indicators 7 (among the 9 studied) have a direct equivalent in IFC and 2 are not
supported,;
- For the Economic indicators none (among 2) have a direct equivalent in IFC, one has an
indirect support and one is not supported.

4. Conclusion

Among the noticeable outcomes, the indicators developed represent the corner stone of a
sustainable assessment process that becomes now more quantitative than qualitative. As
environmental issues and sustainability increasingly have become hot topics in the building
industry, there is a real need to perform sophisticated simulations and analysis based on detailed
initial data and the analyses should be introduced as early as possible to allow for early
collaboration between the design and assessment teams. To perform such assessments it
necessary to have an easy and quick access to input information such as the construction
characteristics (dimensions of the building elements, composition and material used, physical and
environmental characteristics, etc...). This is typically where the open BIM approach makes sense.
The IFC model has proven its ability to convey necessary information to perform these
assessments. This paper has demonstrated also the ability of this language, especially in its latest
version to support sustainable assessment results. Even if there are still some gaps most of the
indicators developed or selected in the frame of the SuperBuildings project are already supported
by the IFCA4.

5. Acknowledgement
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Short Summary

Temporary buildings are generally considered to be unsustainable compared to permanent
buildings due to the short life span of the materials applied in the building. The construction
materials typically have a longer use life than the required use life of the building, which results in
functioning building materials going to waste after deconstruction. In an attempt to improve the
sustainability of temporary buildings, a Product/Service-System (PSS) strategy is here applied to a
case project. The case project concerns a temporary building design by Lendager Arkitekter. This
design uses leased materials and building components such as shipping containers, scaffolding
materials and lifts. The major research question for the case is how the supplier’s continued
ownership of the building materials influences the sustainability of such buildings. The validation of
the improved sustainability of the PSS-based building solution is achieved by comparing the PSS
and an equivalent conventional approach for the building materials through a comparative Life
Cycle Assessment (LCA). The results show that the total environmental score of the entire life
cycle is 27% lower for the PSS solution than for the conventional solution.

Keywords: Product/Service-Systems; temporary buildings; Life Cycle Assessment; closed loop
systems; circular economy; functional economy; life cycle design; waste prevention.

1. Introduction

The case study building is a temporary building based on a Product/Service-System concept of
leased construction materials, which keeps the materials in a closed loop. The continued
ownership of the materials will ensure that the building materials are re-used at the end-of-life
stage. This is expected to reduce impacts related to production, prevent waste and improve the
overall environmental sustainability of the temporary building. A life cycle assessment will be
carried out to quantitatively assess the sustainability of the Product/Service-System solution.

2. Product/Service-Systems for construction materials

In a Product/Service-System, the supplier sells the right to use the material, rather than the
material itself, typically through a lease agreement. After use, the manufacturer will take back the
product and re-use or recycle it. As PSS’s focus on the value of use rather than the value of
ownership, it encourages longer product lives. Product/Service-System may be an important step
in the transition from a ‘buy-and-throw-away’ consumption culture, to a system where the utility of
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products is optimised, and environmental resources carefully managed.

3. Life Cycle Assessment

3.1 Compared scenarios, functional unit and system boundaries

The Product/Service-System scenario of re-used and re-usable materials is compared to the
conventional scenario of applying first-use materials which receive conventional Danish end-of-life
treatment. In other words, the LCA compares a model with multiple use cycles of materials with a
model with only one use cycle of the materials.

The two scenarios are compared on the basis of the functional unit, which is defined as: “Providing
790 m? office space in Denmark for 8 years (2013-2021) including heating, ventilation and cooling
according to Danish energy requirements for 2015.” The LCA includes the entire life cycle, from
raw material supply to end-of-life, including re-use, recovery and recycling potentials.

3.2 Results

The weighted and aggregated results of the life cycle assessment can be seen in Figure 1 below.
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Fig. 1: Weighted endpoint scores for the full life cycle of the conventional solution and PSS

4. Conclusion

The results show that Product/Service-Systems can improve the sustainability of single building
components radically, in this case up to 85%. However, since not all necessary building materials
can be leased, the leased materials in this case must be supplemented to form a functioning
building. Thereby the overall reduction of impacts in the materials stage is 27% in this case study.
The environmental impact related to the end-of-life processing is reduced by 52% in the PSS
solution, due to avoided energy-heavy recycling of metals. The total life cycle environmental impact
of the PSS solution is 27% lower than the conventional solution when including operational energy
and 37% lower when the operational energy is excluded. The fact that the operational energy only
amounts to 26% of the total impacts of the temporary building due to the short life span underlines
the importance of improving the sustainability of materials used in temporary buildings, by e.g.
leasing materials through a PSS.
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Short Summary

This study aims to define the characteristics of Carbon Dioxide emissions from concrete structures
when different compressive strength of concrete applied to structural systems having the same
functional unit with different durability. A total of 24Mpa, 40Mpa and 60Mpa cases is analyzed to
define the characteristic by Life Cycle Assessment including the stages of production, construction,
maintenance and disposal. As results, the amount of cement appears to be a major factor for the
emission from the production stage, the amount of concrete from construction and disposal,
durability of concrete from use and maintenance. It is recommended to develop optimal mixture
designs for sustainable concrete in the consideration of life cycle characteristics of concrete
structures to be used.

Keywords:LCA, CO, emission, Concrete structure, Compressive strength, Reinforced concrete
structural wall system

1. Introduction

This study is intended to evaluate quantitatively potential impacts of a concrete structure
throughout its construction, use and disposal from the perspective of global warming. It analyses
the characteristics of greenhouse gas emissions for concrete structures as there can be the
differences in the amount of inputs and durability by the compressive strength of concrete even in
the same structure.

2. Results of the LCA

So far, the life cycle environmental burdens with varying compressive strength of concrete were
analyzed from the perspective of carbon emissions. From the assessment results, it was found that
in the walls built with a concrete compressive strength of 24MPa, total 6,064.4 m® concrete was
consumed over 120 years of assessment period and the total amount of carbon emissions was
estimated to be 4,749,901 kgCO,eq. In the case of 40MPa, total 2,490 m® concrete was consumed
and the total emissions was estimated to be 2,194,482 kgCO.eq. In the case of 60MPa, total
2,110.7 m® concrete was consumed for 120 years and the emissions estimated 1,767,422 kgCO,eq.
Due to the difference of durability by compressive strength, about 54% of carbon reduction over
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the life cycle of 120 years was shown in the walls with high compressive strength of 40MPa,
compared to the walls with general compressive strength of 24MPa, and about 63% carbon
reduction appeared in the 60MPa walls.

3. Conclusions and Further Studies

The following procedures and assumptions were applied for analyzing the characteristics of carbon
dioxide emissions of concrete structures with varying compressive strength of concrete.

(1) Performance requirements including size, wind load and seismic load were set to maintain
the same structural performance in a 25-story apartment housing.

(2) After setting the compressive strength of concrete with three types of 24Mpa, 40Mpa and
60Mpa, and calculating the amount of wall for specific compressive strength required for
the same structure performance, the emission factors for each material were applied. At
this time, the use period of structures was set to 120 years.

As a result of analyzing the global warming effects of concrete structures for specific compressive
strength calculated by the procedures above, the following conclusions were obtained.

(1) At the production stage, the carbon emissions appeared to be higher in the concrete
structure with 40MPa, compared to the structures with 24Mpa and 60Mpa, implying that
large cement inputs influenced the emissions.

(2) At the construction stage, the carbon emissions appeared to be 1,664 kgCOZ2eq for the
case of concrete walls with a compressive strength of 24MPa, 1,366 kgCOZ2eq with 40MPa,
and 1,158 kgCO2eq with 60MPa. The results indicate the increase in the amount of
concrete also increases the carbon emissions.

(3) The concrete structure with 24MPa was assumed to undergo one time reconstruction
during the service life of 120 years at the use stage, resulting in increased emissions as in
the production stage.

(4) At the disposal stage, the carbon emissions increased with increasing concrete inputs,
implying the concrete structure with 24MPa made high environmental impact.

(5) For the carbon dioxide emissions during the life cycle, due to the difference of durability by
compressive strength, about 54% of carbon reduction over the life cycle of 120 years was
shown in the walls with high compressive strength of 40MPa, compared to the walls with
general compressive strength of 24MPa, and about 63% carbon reduction appeared in the
60MPa walls.
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Short summary

The necessity of assessing and addressing the environmental sustainability of urban systems is
becoming increasingly relevant due to growing urbanization across the globe, higher consumption
in urban systems and related competition for finite resource stocks. In this study we present how
fused urban metabolism (UM) and life cycle assessment (LCA) can be applied to assess the
absolute environmental sustainability of large urban systems including up- and downstream
production activities related to the metabolism of urban systems

Keywords: Urban metabolism, life cycle assessment, UM-LCA, planetary boundaries
1. Introduction

UM has over the last 4 decades served as a credible mean to assess the environmental
performance of urban systems. In its purest form, 1% generation UM, this urban analysis model
provides the magnitudes of non-standardized material or rather mass flows through the study
systems making it difficult to assess the true scope of a city’s environmental impacts or provide
meaningful comparative analysis of the environmental performance of different cities.
Independently over the last 3 decades emergy has been implemented as a 2™ generation UM
analysis model by systems ecologists. However, due to its complex thermo dynamical origin, the
emergy based UM analysis models are opaque to non-practitioners and are at a disadvantage to
communicate results to the public and policy makers alike. In the present study we introduce 3rd
generation UM, relying on the coupling of UM and full-scale (i.e. complete indicator set) LCA, the
UM-LCA approach.

2. Methods and results

The UM-LCA coupling was tested out on existing UM studies covering 5 major urban areas [1]. The
results of this UM-LCA application study clearly underline that the UM-LCA coupling facilitates
comparison across cities, mainly due to the ISO standardized LCA framework. Further the study by
[1] reveals that the major sustainability burdens of cities are not related to the impacts within the
cities but occur up- and downstream of the cities demonstrating that the major impacts are caused
by the provision of energy and goods for consumption in the cities and the waste and goods
excreted by the cities. Furthermore, as presented in table 1, the representation of urban
environmental loading with common indicators (e.g. global warming potential) appeared to improve
communication of UM-LCA results over earlier UM methods.

Application of LCA for relation of product system impacts and planetary boundaries as suggested
by [2] is still in its infancy [3] but the available data suggests that LCA can serve as a means
address the absolute sustainability of product systems and the systems that consume products
(e.g. cities). In this presentation we propose an UM-LCA framework to assess the absolute
sustainability of urban systems, relating the climate burdens (i.e. greenhouse gas (GHG)



emissions) of the 5 urban systems assessed in [1] to the planetary climate boundaries suggested
by [2] as a cursory example.

Table 1: Midpoint impacts for the 5 case cities. PMF = Particular Matter Formation, POF =
Photochemical Oxidant Formation and pr. = per resident. Highest value within each midpoint
impact is marked in bold

Midpoint Impact Beijing Cape Hong Kong London Toronto
Town
Agricultural land occupation [m2a/pr.] 1700 1500 2200 3300 2700
Contribution to GWP [t CO2-eq/pr.] 17.1 11.2 10.2 12.2 18.0
Fossil depletion [t oil eq/pr.] 4.8 2.3 3.1 3.6 4.9
Freshwater ecotoxicity [kg 1,4-DB eq/pr.] 170 62 31 36 43
Freshwater eutrophication [kg P eq/pr.] 0.88 0.33 0.35 0.29 0.51
Human toxicity [t 1,4-DB eq/pr.] 1.9 1.0 0.8 0.4 0.6
Marine ecotoxicity [kg 1,4-DB eq/pr.] 134 42 672 19 22
Marine eutrophication [kg N-Equiv./pr.] 26 13 20 12 18
Metal depletion [t Fe eqg/pr.] 8.2 0.4 0.7 0.7 0.8
Natural land transformation [m2/pr.] 2.33 1.42 2.83 2.02 2.86
Ozone depletion [g CFC-11 eqg/pr.] 0.83 0.36 0.42 2.78 1.39
PMF [kg PM10 eqg/pr.] 42 18 18 11 16
POF [kg NMVOC/pr.] 60 29 42 25 34
Terrestrial acidification [kg SO2 eq/pr.] 106 56 54 34 54
Terrestrial ecotoxicity [kg 1,4-DB eg/pr.] 5.2 5.0 5.3 2.3 4.5
Urban land occupation [m2a/pr.] 355 206 349 217 408
Water depletion [m3/pr.] 22900 9400 8400 10600 114900

Table 2: GHG emissions reductions quantified by the planetary boundary for climate change
quantified by [2] applying the fused UM-LCA approach and two sets of political perspective
determined CO, emission quotas allocation.

Beijing Cape Hong London Toronto
Town Kong

Contribution to GWP [Mt CO2-eqg/year] 291.9 340 675 90.3 91.3

Emission reduction needed by 2050 - egalitarian
allocation of CO2 boudary quotas (%) 86.2 79.0 769 80.7 86.9
Emission reduction needed by 2050 - individualist

allocation of CO2 boudary quotas (%) 87.0 /53 -115 41 21.9
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Short Summary

In Northern European countries, the transformation of prevailing systems to supply and use energy
for heating residential buildings is considered a major challenge in urban development. Ongoing
renewal and growth in the residential building stock allows increasing energy efficiency by
introducing new buildings standards. By additionally encouraging alternative sources for heat
supply such as geothermal and solar energy, a significant reduction of greenhouse gas emissions
seems feasible. To evaluate options and conditions favourable for such a development, we
developed a spatial explicit, dynamic model for the transformation of the residential building stock.
This model was used to assess energy demand and greenhouse gas emissions for heating the
residential buildings in the City of St. Gall and analyse alternative scenarios for future
development. The model incorporates the communal energy plan as well as empirical data of 50
refurbishment projects. Model-based scenario calculations show that the City of St. Gall can reach
its goals within the next 50 years. However, the municipality and private property owners have to
provide substantial funding and make a great effort in refurbishing their old building stock.

Keywords: Space heating; spatially explicit building stock model; energetic refurbishments

1. Introduction

Many municipalities in Switzerland have set themselves ambitious goals in energy policy aiming at
a reduction of individual energy demand to approximately one third of today’s demand. The
challenge in urban renewal oriented towards such ambitious goals lies in a pragmatic and goal-
oriented combination of efficiency and renewable energies. The development and application of
empirically based, numerical models can help to encourage this development. To this aim, various
models have been developed. Yet, they are not sufficiently adapted to data available in Switzerland
and to common planning tools.

In this paper, we introduce a model combing heat demand for residential buildings and the use of
stationary heat in a settlement area that is adapted to data available on communal level in
Switzerland and common planning tools. The model is applied for the city of St. Gall and used for
scenario analysis.

2. Method

We introduce a stock-flow model for cumulative energy demand for non-renewable energies
(CEDnon-renewanie) @nd greenhouse gas emissions (GWP) related to the heat demand of residential
buildings.

Our model assesses the development of the building stock — based on assumptions about
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refurbishment cycles using a deterministic model approach. Diffusion process for new energy
systems are described with an s-curve representing the substitution of prevailing systems to
provide heat for residential buildings with systems based on renewable resources. In addition, we
calculate the expected costs for refurbishment activities in each period.

3. Case study: city of St. Gall

We choose the city of St. Gall located in eastern Switzerland as case study because it provides an
excellent data base. The most important data base is the National Register of Buildings and
Dwellings providing an appropriate set of geo-referenced data. Data for heat demand coefficients
and refurbishment costs are taken from a survey of the effecs of refurbishment acitvities in the city
of St. Gall in 2012. As data for refurbishment cycles, can not be based on emiprical evidence, we
decided to use best estimates. In addition, we use the communal energy plan for information about
planned transformation of energy supply.

To analyze the future development of demand and supply of heat for operating residential buildings
in St. Gall, we define four scenarios. In scenario 1 and 3 we assume that 40% of all heat will be
provided in future by a geothermal power plant; in scenario 2 and 4 the existing energy systems
are maintained. In scenario 1 and 3 we assume that the entire stock of residential buildings is
completely refurbished whereas refurbishment activities are moderate in scenario 2 and 4.

4. Results
The following figure shows the results of scenario calculation for the developments of cumulative
energy demand from non-renewable resources and greenhouse gas emissions.

2000 120000

1'800

s \ 100000 \
1'400

80'000
1200

1000 60'000

CO2-eq. [t]

800

600 Scenario 1

CED non-renewable [terajoule]

40000 +
Scenario 1

e ——Scenario 2 ——Scenario 2

Scenario 3 20000 Scenario 3

200
—Scenario 4 ——Scenario 4

0 =
2010 2015 2020 2025 2030 2035 2040 2045 2050 2010 2015 2020 2025 2030 2035 2040 2045 2050
year year

Fig. 1: Left: CEDnonrenewanie development for all four scenarios; Right: GWP development for all
four scenarios (Source: own analyses)

Both variables decline in all four scenarios. A comparison between the results of all scenarios
reveals that assumptions on provision of heat for operating residential buildings have significantly
higher impact compared to assumptions on refurbishment activities. The introduction of long-
distance heating supplied by a geothermal power plant leads to a reduction of 70% CEDon-renewable
and 80% GWP even if we assume only moderate gains in energy efficiency due to refurbishment
activities. Without changes in heat supply systems only a significantly smaller reduction can be
obtained. In addition, introducing of long-distance heating supplied by a geothermal power plant is
much less expensive than complete refurbishment of the entire residential building stock. Expected
costs for real estate owners could be reduced significantly with a more differentiated approach for
increasing energy efficiency in the building stock.

5. Conclusions

The application of the model introduced in this paper, can help planning authorities to monitor the
ongoing development and evaluate alternative strategies if hecessary. It supports prioritization of
measures and adaption of existing concepts in energy policies. By using data from official statistics
as well as commonly used planning instruments, it can be easily updated. It provides a consistent
data pool of expert knowledge which can be improved continuously within the learning process on
sustainable urban renewal.
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1. Abstract

“Cities of the Future” is a collaboration between the Norwegian Government and the 13
largest cities in Norway to reduce greenhouse gas emissions and make the cities better
places to live. The new suburb of Trondheim, Brgset, will be carbon neutral. Built from
healthy materials and using little energy, Brgset will make an integrated and future-
oriented suburb. The work in Brgset will be given full priority in Cities of the Future and
should become a model for future urban development.

The results of the Brgset parallel commissioning process showed that through planning
and design of traditional technological issues such as building standards, energy supply
and motorised transport, it is possible to directly reduce carbon footprint with 3 to 5 ton of
COy¢q per capita from 12 to 7-9 tons COzeq (Norwegian conditions) [1]. This indicates that
careful design of buildings and infrastructure alone will not lead to carbon-neutral, resilient
neighbourhoods, although such neighbourhoods are an absolute necessity in order to
facilitate transition to a more sustainable future. Staying below 550 ppm CO, in the
atmosphere (IPCCs 2-degree limit) requires far-reaching changes in built environment,
energy systems, and people’s lifestyles, and particularly in the interfaces between them.

Design solutions in urban strategic planning, infrastructure and buildings, and the
interfaces between them, will have a direct impact on the stationary energy performance of
the Brgset neighbourhood, and it is therefore important to create a set of energy indicators
able to incorporate these distinct physical scales and their interfaces.

This paper aims to contribute to the successful implementation of the Brgset vision by
investigating if and how integrated energy design is dealt with in the parallel
commissioning process documents. The analysis indicates a range of important topics —
and, eventually, indicators — for setting up a long-term strategy for integrated energy
design with clearly defined and measurable goals, ensuring robust and responsible system
design that also can be adapted to changes in use, users, and technologies.

In assessment schemes, stationary energy is measured as kwh/m? or kg COyey/Mm2, giving
points to how much better the proposed building is when compared to current building
code. The embodied energy is also rated a similar way, but there is no limit to the
“allowed” total energy used or emissions from a project over its lifespan.

At Brgset, a different approach is chosen. First of all, all buildings should comply with the
passive house standard or better (15 to 25 kwh/m?) in terms of in-use energy consumption
(or emissions). Second, the total emissions from the development should not exceed by
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3tons COgye/capita*year. This in return leads to an optimization of material consumption
(embodied energy/emissions) and area per capita. Area efficiency is crucial in order to
achieve the goals set for Brgset.

Also, on-site energy productions, energy storage, smart integrated grids and the areas
albedo is taken into account in the design and development of the area. The idea here is
to create excess energy that can be exported back to the grid, or be used for other
purposes such as transport etc. Also the change in the albedo from the area will create a
net “reduction” of COye4 from the area.

So where other assessment schemes look at stationary energy consumption, embodied
energy and transport systems in relation to each other, but independent of each other, the
Brgset projects limits the whole development with a final emission cap. This will in turn
force an integrated design and search for synergies and energy design across different
scales and disciplines.

The measures proposed by the parallel commissioning teams provide a plethora of robust,
diverse and adaptable solutions and methods for integrated energy design at Brgset that
can avoid lock-ins, provide adaptability to uncertain challenges, and create an attractive
built environment.

The next phase will be the creation of an environmental programme, including
development of standardized and clear criteria by which project proposals can be judged
in a uniform manner. This environmental programme will provide a basis for monitoring all
stages of development of the Brgset project, including design and selection of proposals,
construction phase, and long-term management of the area. The parallel commissioning
process clearly showed the importance of being able to describe correct and measurable
goals, and exposed the lack of science-based, planning-friendly decision-making tools for
the early design phases of a neighbourhood project.

Keywords: Smart cities, Sustainable neighbourhoods, urban planning, CO2
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Summary

The topic of “Smart City” gradually becomes more important, especially because of the growing
world's population. For buildings, the establishment of an energy certificate is mandatory, with
considerations of the building environment, locality, infrastructure provision and other issues that
have not been taken into account. In this study, using a real community in Vorarlberg, Austria,
various factors were investigated and their impacts were analyzed. The “Energy Certification of
Communities” software, co-developed and provided by the Lower Austrian Land Government,
Department of Spatial Planning and Regional Policy, was used for the calculations and analyses.
The focus of this program is not only on the quality of the location but is more on the utilizations of
various areas. Essentially, concerns of this development were mainly costs in Euro per living unit
and year; it means the more built in an area the less the cost. The last part concerns the effects of
developments on the CO, emission, which is affected by traffic emission. First, the present
situation was calculated, including the following factors: Indicators, Partial areas, Development,
Quiality of open spaces, Connectivity and transportation and Locations and buildings. Considering
these factors, different variants could be worked out. Initially, the existing green spaces would be
partially removed to reduce the developmental costs. Another factor is to build a central school or
shopping center. In this case, the individual transportation routes would be shorter and the CO,
emissions would decrease. Other variants were also investigated and evaluated. Results show that
we can achieve a lot, but more than two efficiency levels cannot be reached. An energy-efficient
use of resources can be achieved in all cases.

Keywords:Smart city; Development costs; Building environment; Locality; Infrastructure provision

1. Energy pass of the actual state

The study area is located in Austria, Vorarlberg province, as one of the largest cities in the state.
For this study, all of Dornbirn is too large of an area so the survey was narrowed down to only one
part of the city. This part is located in the west of Dornbirn and is bounded by Josef Ganahl Stral3e,
Lustenauer StralRe, by the Dornbirner Ach and the railroad tracks. The region has a total area of
828,630.18 m2 and an auxiliary of housing construction of 100,000 m2. After defining the area, we
divide it into subareas. Here, it is important that the topography and the alignment characters of the
majority of the buildings are the same. Hence there were 25 arrangements.

In this housing estate, the rating of the energy efficiency class regarding to development is “G”,
which is the lowest level in the rating system. The next section includes an exact description of
each of the subareas and how far they are apart from various reference points. Then, it calculates
a sum of CO2 emission of traffic/LU/year of 0.26 t/LU/year, which is a satisfying rating of “D” level.
The last section which weighs 0.35 in the overall calculation, is the quality of location and devel-
opment. As the definition already tells us, the topographic location of every single subarea provides
an influence. The type of building is also important, dividing into 4 different varieties: single family
house attached or detached, row house and apartment complex. The last part for the overall eval-
uation is the alignment of the subareas. In our housing estate this section is rated “B” and therefore
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the best rating in the weighting of classification. With those 3 calculated points of evaluation we
have a total classification of the actual state in class “E”.

2. Research of alternatives

After the evaluation of the energy pass in the actual state, we attempted to increase the energy
usage efficiency. In this process, it was important to avoid a big alteration of the area; a total
resituating of houses or a modification already existed in the street courses.

2.1 Alternative 1

It was found that the development costs per year are the largest in weight. Considering the energy
pass of this housing estate, the factor has a relatively bad rating. To change this, the interior and
exterior developments should be reviewed and edited or more building land has to be added.

The first point includes length of pipelines, traffic development, water and electricity supply, street
lighting and length of gas pipelines. The problem is that the alteration of the area is not desirable.
This means that in order to change those developments, the lengths have to be shortened. But,
that is possible only if the whole streets are altered or houses are relocated.

The investigated area has a total of 100,000 m2 of auxiliary housing constructions, so this section
will be extended. Two new subareas, one with 17,886.89 m2 and 16 living units and the other with
27,969.23 m2 and 28 living units are added. Consequently, there is still a green area and an ideal
expansion of the housing estate that causes almost no modification in the cityscape and the small
increase of living units has no influence on the improvement of the energy level of the development.
Our chosen area has approximately 539 living units, with the expansion the number increases to
583. But, as there is a constant growth of population, the area is calculated with a triple expansion.
This decreases the development costs per living unit from 88,376 to 25,000 euro per year and the
energy efficiency increases by three levels. The remaining calculations did not reveal any increase
so the end classification for a) is class “D”, factor b) is also at level “D” and the last factor c)
reaches the level “B”. As a result of the increase the number of living units, a better classification
arises and is now at level “C”, which is an acceptable result.

2.2 Alternative 2

Another alternative to improve the energy usage efficiency is to change the CO, emission and the
guality of location and development. The latter is quite difficult to readapt, because it would be
difficult to relocate the estate from a flat topography into a mountain range. For building the future
estates, those factors should be taken into consideration in advance because it might be
impossible or really difficult and costly to change it afterwards. That means, for the second
alternative, the CO, emission is going to be influenced to get to a higher level of classification.
Currently, the rating is at the level of “D”.

In this housing estate almost every subarea is at least 1500 m away from the town center, thus a
reduction of 500 m is assumed. This could be realized through assuming that the existing
peripheral area with the same development is close to the city area. Using this method, an
improvement of every subarea of 1 to 2 levels can be induced. The other factor of improvement is
the distance to the closest local amenity. The investigated area is part of a larger city and the local
amenities are usually 1500 m away. Another increase of the outcome could be achieved through
making sure they are only 1000 m apart. With those two improvements in the performance can be
improved from level “D” to “B”. So, with a certain consideration of the structure of a housing estate,
a significantly good usage can be gained. The remaining calculations did not bring any increase,
so the end classification can be calculated with the respective weighting.

Development costs per LU/year: level “G”; CO, emission of traffic per LU/year: level “B”; Quality of
location and development: level “B”. With the improvement of CO, emission of traffic the area
increases to level “D” which means that there is a satisfying energy efficient usage of resources.
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Short Summary

The small city of Hartberg wants to demonstrate a smart city within the Austrian promotion
program “smart energy Demo”. By establishing a zero emission district at downtown of
Hartberg with outstanding showcases of “green” technologies Hartberg turns the conditions
of a small city into advantages to support an expansion to the surrounding. Based on a
comprehensive bottom-up approach and a scientific / technical monitoring a balanced bundle
of demonstrations are being implemented, that are linked to each other interdisciplinary
(smart... buildings, municipal disposal, energy, communication, mobility, business-models).
~SMART CITY Hartberg“ has already overcome several challenges to establish a small city
of the future. Thus small cities show a significant potential for realizing a climate-protecting
and sustainable environment.

Keywords: Smart city; demonstration; zero emission district; sustainability; energy.

1. Introduction

The small city of Hartberg (inhabitants: 11,000; area: 10 km?) faces the challenges as one of
6 Austrian SMART CITIES within the promotion program “smart energy Demo — fit for set”.
[1] In opposition to Hartberg major cities have significantly different framework conditions to
demonstrate a smart city (modal split; energy politics & supply; more demonstration
measures can be carried out in parallel with fewer complexity; more topics can be addressed
at once; available resources are limited). Thus other actions are necessary to encourage
demonstrations and investments. A demonstration of a zero emission district at downtown of
Hartberg should be realised within the project by outstanding showcases of “green”
technologies. Thus Hartberg turns the conditions of a small city into advantages to support
an expansion to the surrounding.

2. Approach to establish a SMART CITY on small-town scale

(1) Technical feasibility study (incl. roadmaps and action plans) according to Hartberg’s
vision have been established on a comprehensive bottom-up- & interdisciplinary approach
with focus on all smart city topics (interdivisional: energy, building, mobility, communication,
society); (2) Implementation of more than 10 smart city relevant and connected
demonstrations (incl. business models), that are very suitable / reproducible for small /
comparable cities by addressing an integrated, balanced and adjusted bundle of realizable
measurements (no single solutions); (3) Steady monitoring, evaluation and improving
measures (incl. repeating loop, steady optimization measures and heterogeneous &
integrated stakeholder-process); (4) Accompanying research activities (technical, social and
economic orientated); (5) Comprehensive communication / dissemination of the reproducible
results / findings and preparation of post-project activities; This project is financed by the
AUSTRIAN CLIMATE AND ENERGY FUND and carried out within the programme ,SMART
ENERGY DEMO - fit4set".

SB13 Graz



156

3. First Results of the SMART ENERGY DEMOnstration

The earlier project development stage (establishment of the feasibility study) was much more
timeconsuming as proposed, because the comprehensive bottom-up approach involved
more than 200 meetings. This has been resulting in a very high motivation of the
stakeholders. [2] The close contact to the citizens and stakeholders in all project stages
supports an ideal living lab approach (“‘user in the loop” & e-participation), whereas a
balanced bundle of demonstrations could have been worked out for the demonstration stage.
Hartberg does not follow the implementation of single, but linked solutions. Hence compared
to major cities several more topics and integrated demonstrations could have been
addressed:

* Smart Buildings / Smart Municipal Disposal: (A) Establishment of an ideal new smart
building complex for commercial & residential issues in a historical downtown area: highest
efficiency, PV-integration (landmarked area), electricity storage, energy management,
(re)utilisation of gray & rain water, e-mobility-infrastructure, city information system &
carpooling. (B) Renovation of the landmarked town-hall of Hartberg: Building automation,
e-mobility-infrastructure to an ideal historical smart city building.

« Smart Energy(grids) - Establishment of a smart biomass-based district heating network in
the project core zone: (A) Load management / optimization / shifting to avoid grid
enforcements. (B) Providing of a smart monitoring for consumers. (C) Optimization of
consumption at the consumers (based on the monitoring data).

* Smart Communication and Information: Several information outdoor & indoor-terminals in
the project core zone: Touch-screen-function, real-time-information (e. g. traffic & city news),
integrated feedback-possibility, free WLAN, additional public utilization via internet & mobile
phones, routing and communication, traffic guide to provide real-time information (e. g.
congestions or news).

« Smart Mobility: (A) Establishment of car sharing: At the new basement garage of project
“Alleegasse”. (B) Providing of an e-mobility infrastructure for bikes, scooters and cars: At the
new basement garage and at the main square. (C) Establishment of 3 Shared Spaces: Main-
square, Alleegasse & pedestrian zone-end. (D) Real-time-traffic information & optimization of
carless transport chain from/to Hartberg. (F) Demonstration of an ideal emobility- package for
single-buildings (typical characteristic of small towns): e-mobilitygarage with PV-roof,
charging unit, electricity storage, energy management tool.

» Smart business-maodels for consumption & supply as well as a package for carpooling
together with flat-sale.

4. Conclusions

For several investments the city of Hartberg acts as pre-commercial procurer. By these
public preinvestments several private investors could have been encouraged to spend their
money in smart city relevant projects. Thus a strong (financial) commitment of the city
government enables leverage effects for private investments even in smaller cities (despite
fewer economic growth potential than in bigger cities). Small cities show a significant
potential for realizing a climate-protecting / sustainable environment. The activation needs to
overcome several challenges that are different to major cities. ,SMART CITY Hartberg“ has
already overcome these challenges to establish a small city of the future.
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Short Summary

For the upcoming transition of the energy system towards higher shares of renewable energies,
the municipalities should be provided with a sound basis of information, scientifically supporting
their decisions and aiming at overall optimal solutions. KomMod as a holistic high-resolution
municipal energy system model offers such an analysis and the resulting strategic
recommendations for a detailed and cost-effective future energy system of a municipality.

Keywords:Smart Energy Cities; KomMod; energy system model; municipality; mathematical
optimisation

1. Introduction

As urbanisation is predicted to continue, the term “Smart City” has to have a special focus on
energy, if humanity wants to tackle climate change [1]. The transformation process of municipal
energy systems typically follows a pathway of three steps, the first two being analysis and
feasibility studies [2, 3]. KomMod addresses the last and most detailed one, a refined specification
of the municipal climate goals, together with a roadmap of concrete measures to be taken to reach
this target energy system. For this third step, an in-depth analysis of the municipal energy system
is needed. The energy system model KomMod delivers such an analysis and the resulting
strategic recommendation for a detailed and cost-effective future energy system of a municipality,
thus helping to pave the way for future “Smart Cities”.

2. The municipal energy system model KomMod

The development of KomMod is structured into three main tasks: analysis of the requirements,
comparison of the requirements with existing models, and creation of an energy system model.

2.1 ldentified requirements

The future development of a municipal energy system is influenced by many parties forming a
municipal community. KomMod in the first place aims to address the needs of and find optimal
solutions for this community as a whole.

As future energy systems will contain a high share of fluctuating renewable energies, an in depth-
analysis has to be done in a high temporal and spatial resolution to make sure the energy supply is
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guaranteed at all times and at all places.

A major aspect to be considered are interdependencies, reaching from cross-sectoral
interdependencies between all four demand sectors (electricity, heat/cold, natural gas, and (local)
transport) over intra-sectoral dependencies between different technologies to dependencies
occurring between structure (design) and operation of the components of an energy system as well
as dependencies between technical and economical aspects.

2.2 Holistic approach

KomMod is meant to serve as a tool for structural analysis and optimisation enabling strategic
decisions from a holistic municipal community perspective. It is built with a homogeneous
modelling approach, implementing all components with the same modelling environment and
including the optimisation of system design and operation into one simultaneously solved equation
system. As a modelling environment, AMPL is used in combination with the mathematical solvers
Gurobi and Conopt [4, 5].

Due to the strategic objective, the model is provided with perfect foresight, enabling the model to
dynamically optimise over the whole time horizon simultaneously. Dynamic here means that the
requirements of future time steps are already taken into account for decisions regarding the current
time step. Every time step is seen as a point of steady-state operation.

The component models include part-load efficiencies, load acceptance rates, minimal charging
levels (reducing the net capacity of a storage) and self-discharge of storages for example.
Technologies are grouped into components of similar physical behaviour which can be described
with identical equations. The differences between the elements of a technology are expressed by a
change in the parameter sets.

The temporal resolution is set to an averaging period of one hour, intended to be reduced to 15
minutes, which enables KomMod to provide answers to questions with respect to the amount and
operation of short term storage. Spatially the model is divided into zones, sub-zones, and building
types, each level being adjustable to the specific needs of the respective municipality.

KomMod delivers recommendations for the capacity and number of facilities to be installed, as well
as the relevant time series for these operations and cost data, thus providing strategic
recommendations for municipal stakeholders.

2.3 First results, discussion and conclusions

As a main outcome, the assumption could be validated that for a sound target energy system, and
even more for the roadmap to get there, municipalities are in need of a detailed and high-resolution
energy system model, tailored to their specific needs.

Furthermore it could be shown that the identified requirements have a notable impact on the
optimisation results and that the course chosen to develop KomMod is plausible and in line with
these requirements. The next steps will be to implement a spatial resolution, building types and
district heating networks, followed by the integration of the transport sector and, of course, to
validate KomMod and the first findings also with consistent real data.
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1. Introduction

The project ,Morgenstadt: City Insights” is dealing with the complex interfaces of city developments.
Its research activities on the most important sectors for the cities of the future — mobility, energy,
communications, security, buildings, resources and governance — will lay the foundation for creat-
ing smart and sustainable system interconnection for urban structures. Different competences of
the Fraunhofer Gesellschaft will join forces and combine technology management for essential
technology- and organization-based urban systems with practical knowhow of industrial, political
and cities partners. Now their expertise will be combined and focused in the collaborative, trans-
disciplinary research team. The goal of the project is to synchronize emerging urban demands and
global best-practice approaches in a strategic research project and to thereby develop the basis for
innovation of new strategies, products and urban solutions.

2. Research subject — Morgenstadt: City Insights

The research focus of the “Morgenstadt: City Insights” is to create a knowledge foundation about
the urban environment and the interconnection of its key factors. Cities nowadays face various
challenges that cannot be solved from only one key factor or separately in each key factor.
Therefore, interactions between the key elements have to be analysed.

The key factors that are represented in the Morgenstadt: City Insight research - mobility, energy,
communications, security, buildings, resources and governance - have been chosen because of
their large impact on city developments and their participation in current challenges. So that
growing Cities need to provide standards for new buildings, concepts for retrofitting, strategies for
the arrangement and especially approaches for energy efficiency of future cities. In addition to the
impact of buildings on energy challenges, recent years also introduced many challenges for the
security of buildings, such as being resistant to floods. Through the example of Hurricane Sandy in
New York City, which is one of the represented Cities in Morgenstadt: City Insights, it is
demonstrated, that those fields interact with the security fields of urban environments. Security is a
cross-sectorial component influencing every other field, especially in those cities at risk (i.e. natural
disasters in New York City). There is security in traffic and transportation, security of buildings,
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security of energy resources, such as nuclear power plants and very recently the security of
personal data is and ever-growing issue. How can we create easy access and interaction with
information all around the city without risking data leakage or attacks in the network?
Communication is gaining more and more importance in our everyday life and now we have the
chance to use it to create better systems for our city of the future. At reviewing this event and its
consequences for the whole city of New York you can see how many key factors interact and how
their connections have to be integrated into solutions in order to overcome the challenges of the
future.

Insight into all those key factors and their interaction will be created by analysis of six global cities
with good reputations about their development and their ideas for the city of the future. New York,
Berlin, Freiburg, Singapore, Tokyo and Copenhagen are the chosen cities. All of them are already
working at developing their cities and preparing them for future challenges. For each city a defined
number of known best practices will be investigated. Used legislative standards and technical
concepts, financial programs and roadmaps, political incentives and laws will be examined to get
an objective overview of state of the art and ambitious solutions.

3. Conclusion and Outlook

The Climate change, resource depletion, population growth, increasing consumption, individual
mobility and climate resilience are dangers and questions that are all directing our attention to the
development of our cities. They will be the anchor of our future living quality, economical markets
and network structures. Considering such a large impact, the conception redefinition of urban
environments has to be a key research field.

The enormous challenges that our future cities have to face can only be solved by creating an
intuitive but deep insight into the systemic interaction of key factors inside a city. As shown in the
example of New York City no solution can focus on only one key element if it is to be successful.
New York City’s “superstorm” Sandy and its consequences show how climate change face cities
with new challenges. The natural catastrophe also shows how many different key factors need to
be combined to create innovative solutions against this problem. To use only governmental
opportunity, would cause the endangered regions to be evacuated and resettled. On the other
hand, you cannot handle without government, often as a key driver. Especially in the example of
Sandy security shows its cross-sectorial character. The uppermost objective of the governance is
the security of their people from any damage on their lives, their finances of their comfort. Therefor
buildings, infrastructure, energy and water supply, communication privacy and limited resources
are all used in respect to the wellbeing and safety of the people using them. Now NYC is
developing a long-term plan to cope with extreme weather events that will get the lights back on
quickly, keep the gas stations open, guarantee a working transportation system etc. It will become
apparent in the future, if those measures had a holistic approach and could solve the future
challenges.

Many urban environments have already developed various solutions to increase energy efficiency,
reduce carbon emissions, create strong governmental participation and at the same time provide
rich and healthy living for their population. Those concepts are important, but require the next step
into necessary changes of urban systems. New relations between information, people, products
and resources form the centre of an innovative loop over the next few decades and into
sustainable urban cities. This will only happen if representatives from different business sectors,
research institutes and governance officials join together for recreating urban systems.

The “Morgenstadt: City Insights” takes this first step into exploration and refinement of our future.
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Towards Sustainable Knowledge Ecosystem with Open Data, Co-
creation and User Empowerment, Extended Abstract

Urban ecological space, encompasses the total natural capital and flows on which a city depends
to meet the long-term needs of its inhabitant. In order to involve inhabitants to co-creation of
sustainable ecosystem on can facilitate the development of the knowledge ecosystem, which by
definition is organic configuration of dynamic virtual and physical places where one shares a
context with others to create meanings. The explicit information is transformed to internatilized
knowledge in knowledge creation processes. The purpose of this paper is to understand how the
creation of meanings and knowledge can be supported and what kind of services city can develop
for the users to support their environmental friendly decision making processes and behaviour.

Keywords
Urban ecosystems; open information, knowledge; user involvement; co-creation.

1. Method and sample

Two practical case studies are described by using document analysis, observations and focus
group case demonstrations and interviews. The studies demonstrate how public sector through
open collaboration can provide the knowledge and power needed for sustainable user decisions.

One case study is representing the virtual interface for sustainable open and dynamic energy
system design, where traditionally separated information is gathered to one database as part of the
strategic climate and environment actions of the City of Espoo. Purpose of opening energy related
data is to promote innovation in the area of sustainable energy system development.

The other one is a physical place, Urban Mill, for knowledge creation, which aims to provide a
common platform for different stakeholders of local ecosystem. The co-working place offers a
platform for city officials and researchers to co-create sustainable innovations.

By filtering the gathered data through six dimensions one were able to identify the common themes
in content but also visualise the weight of the comments by visualizing the analysis in Figure 1.
The gathered data were analysed as single data and as combined data clusters of the user
experiences. The six dimensions and the qualities for and scales of the six dimensions were:
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Dimension Scale and Qualities
a) atmosphere 1 weak — 6 strong
b) density and frequency of time 1 stable — 6 changing
c) functionality 1 single use — 6 multi-use
d) familiarity 1 difficult — 6 easy

| a b a b
e d e d

Figure 1. Visual analyses of user case qualities

2. Results

Openess :
Real-time Voluntary

Co-creation Shift of power
Resource efficiency

Figure 2. Critical Ba characteristics

The results indicate that in order to support sustainable behaviour the user centric approach is not
only about designing sustainable solution. The more significant factor is to provide processes,
which empower the users to make their own decisions and to change their mind over time based
on user knowledge, this enables the implementation of user knowledge lost today and creates an
open innovation sprawl. The comprehensive and shared knowledge is one of the most important
elements of these processes. The empowering processes are the small initiatives towards
sustainability strategies. As a result this paper suggests that we need to define the user and
human centred dimensions and the means to create them in order to at an European level be able
to create a digital innovation infrastructure and a human friendly, sustainable and empowering
single innovation market.
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Summary

The main purpose of this ongoing research is to assess the cooling effects of vegetation in urban
microclimate. Considering the influence of Leaf Area Index — LAI, this study will quantify the
intensity and spatial distribution of the microclimate effects in border regions for urban parks, such
as Trianon Park, located at Paulista Avenue in downtown S&o Paulo/ Brazil. Considering Trianon
park as a large mass of vegetation with few sparse areas, an average leaf area index for the entire
park was estimated based on two indirect gap-fraction method, the LAI-2000 plant canopy
analyser (LI-COR) and a camera system with eyefish lens (Nikon Coolpix 4500). The hemispheric
photographs were analysed using can-eye software. Microclimatic meteorological data was
obtained in two areas of the park during four consecutive days of measurements, beginning on 28"
October 2012. This database was important to adjust the ENVI-met model to local conditions
before starting the parametric studies. Parametric simulations on ENVI-met were developed to
investigate the effect of the park on its surroundings, indicating the influence of LAl measured
previously. Results indicated that, concerning the intensity of the effect, the average difference
between air temperatures inside the green areas (LAI=2.5) and the surrounding streets is about
2°C at 2 p.m. and the extension of the effect can reach 10 m from the park.

Keywords: urban vegetation, urban microclimate, leaf area index, ENVI-met.

1. Introduction and Methodology

LAl is a dimensionless variable and is defined as one-half the total green leaf area per unit of
ground surface area [1] drives the within and the below canopy microclimate, determines canopy
water interception, radiation extinction, and water and carbon gas exchange. LAl is a key parame-
ter in models describing the exchange of fluxes of energy, mass (e.g. water and CO,), and mo-
mentum between the surface and the planetary boundary layer [2].

This study is part of an ongoing research about the impact of vegetation on urban microclimates,
using predective models such as ENVI-met. This computational model considers the density of
leaves to simulate the micro scale interations of surface-vegetation- atmosphere.

There are two main forms to obtain the LAI values: the direct and the indirect methods. The first
one can be accessed directly by using harvesting methods such as destructive sampling or by
non-harvesting litter traps during autumn leaf fall period in deciduous forests [3].
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The indirect methods consist in measurements of light transmission through the tree canopy. It can
be calculated by Beer-Lambert law, which defines the empiric relation between radiation
intercepted by the canopy and the total incident solar radiation. For this study, two methods were
applied based on gap fraction distribution: using the instrument LAI-2000 Plant Canopy Analyzer
(LI-COR) and the technique via hemispherical canopy photography [19], between August and
September of 2012.

Comparing the final results from both LAI measuring systems, it can be seen that the average LAl
values had few differences, varying between 2.14 (hemispheric photographs) and 2.52 (LAI-2000),
calculate from 22 defined points at Trianon Park in Sao Paulo.

2. ENVI-met Simulations

The micro scale model ENVI-met [4] was chosen for this study due to its advanced approach on
plant-atmosphere interactions in cities. The numerical model simulates aerodynamics, thermody-
namics and the radiation balance in complex urban structures with resolutions between 0.5m and
10m according to the position of the sun, urban geometry, vegetation, soil and various construction
materials by solving thermodynamic and plant physiological equations.

Based on LAI measurements results, the ENVI-met simulations consider a medium canopy with
LAl value of 2,5. The tree is 20m high and its leaf density started 4m above the ground to avoid
obstruction for wind flux at the pedestrians’ level. The parametric tree model had ellipsoid leaf area
distributions with maximum LAD located in the middle height of the crown.

3. Analysis of Results

From the results of simulations, the receptor located in green areas of the park showed a
reduction up to 2.0°C compared to air temperature in the sidewalk. Over paved areas the
simulations showed an average air temperature of 26.5°C at 14h, while 24°C under the canopies.

The results for superficial temperature indicated that trees have a significant impact by lowering
the surface temperature by up to 29°C. The tree canopy blocks part of the direct solar radiation
and avoid the rapidly surface warming up. In the street, the superficial temperature varies from
41°C to 45°C, while in the green areas, it goes between 26°C and 27.5°C.

Concerning the intensity of the effect, the average difference among air temperatures inside the
green areas and the surrounding streets is about 2.0°C. For surface temperatures, the dense tree
shading (LAI=2.5) has shown average differences of 17°C under the canopy. In that sense, green
areas can be an important strategy to mitigate the warming up effect in cities due to the shading
and evapotranspiration process.
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Short Summary

The City of Graz is currently the fastest growing city in Austria. The demand for living space has
grown rapidly in recent years and will continue to grow according to forecasts in the coming dec-
ades. In this context, the upcoming major construction volumes desire for a sophisticated growth
which has to be guided by the requirements of sustainability. Based on this motivation the research
project “ECR Energy City Reininghaus” was developed. “Reininghaus” is a former brewery site and
the biggest underdeveloped urban area in the City of Graz. The research project ECR aims to de-
velop urban strategies for the new conception, the construction, the operation and the restructuring
of the city district Graz Reininghaus. In order to cope with this complex task a large transdiscipliary
team joins the research project, which is financed by the City of Graz, the federal state of Styria
and the Austrian federal ministry for transport, innovation and technology (bmvit).

Keywords: CO; neutral city district / plus energy buildings and networks / framework plan energy

1. The City District Graz Reininghaus

The overall aim of the research project Energy City Graz-Reininghaus (ECR) [1] is to support the
developing activities of the municipal government of Graz to establish a new city quarter in the
area called “Reininghaus”. The area Reininghaus is an undeveloped piece of land (former brewery
areal) close to the city center of Graz (about 1800 m distance to the main square) with about 110
hectare space and a possible full capacity for 12000 future inhabitants on a maximum net floor
area of about 560,000 m>.

2. The Research Approach

Working on the energy efficiency and/or sustainability of one building has a long tradition in the
scientific community. Typical research teams in this field consist of an architect, an energy planer
and an expert in the field of building physics. Contrary to working on the realization of one building
which is usually can be done in a few years the development of a whole district means to plan in
decades.

Based on the above-mentioned increase of the complexity of the project itself the complexity of the
project management increases, which leads to a dramatically increase of time consummation in
that field. Another consequence of the long time for development lies in changing the level of ab-
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straction, which increases and leads straight to the thinking on the level of typologies.
3. The Research Team

One fundamental component in the research setup is the forming of the research team and the
communication structure to all relevant stakeholders.

4. Framework Plan Energy

The research project [3,4] is based on the idea of designing an energy self-sufficiency and CO,-
neutral city district. For this reason an “energy framework plan” covering the whole district has
been developed [5]. The framework plan energy concerns various fields of investigation. Electric
energy, thermal energy and embodied energy has to be taken into account as well as the methods
of urban design or the rules and mechanisms of the local authorities. The workplan is structured
into a survey study of supply and demand, locally available energy potential versus demand, the
development and Simulation of different scenarios for the overall energy concept and the devel-
opment of default values for further development.

4.1 Development of different scenarios for the overall energy concept

The initial working hypothesis describes the conception of an energy- self-sufficient city district.
This has to be seen as a visionary approach to force the project team to examine local energy po-
tentials as far as possible and to anticipate already future developments.

The main focus of the examination lies in the attempt for the inter-linkage of buildings and industri-
al energy resources as more or less sustainable energy producers. Central supply solutions will be
confronted with semi-centralized and decentralized possibilities of inter-linkage. In addition urban-
istic attempts (activation of possible energy potentials, natural heat of the earth, building density,
best possible building climate-oriented positioning, solar activation of roofs and facades, use of
process heat, block-type thermal power station, feeding of the energy surplus to communal net-
works) will be investigated.

4.2 Development of default values for further development

The research project ECR is focusing on two different levels. On the one hand side it deals with
the development on the city district Reininghaus itself, which has to be supported. On the other
hand side the project has to work out generally valid results that can be helpful in similar develop-
ment projects.

5. Plus-Energy Network Reininghaus South

The project aims at optimizing the energy concept of the single buildings as well as of the building
cluster in order to achieve a plus-energy standard within the residential neighborhood.

Key objective is the development of a comprehensive energy concept regarding urban, thermal
and building engineering for an entire city district. An overall energy master plan will be integral
part of the “Charta Reininghaus” (agreement for the development of buildings) and will set prelimi-
nary standards for future investors.

6. Conclusion and Outlook

The expected result for the Plus Energy Network Reininghaus South is that the successful
implementation of the project will create an exemplary role model and demonstrate the economic
feasibility of plus energy networks for housing. A major innovation within the subproject Plus
Energy Network Reininghaus South will be that, in contrast to already existing case studies, the
successful integration of the project in the energy network will demonstrate the use of energy
monitoring over a certain period (proof of concept of the network idea).
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Short Summary

Social sustainability aspects of construction and construction works are discussed in various
contexts and thus address a vast amount of topics, aims and objectives. This paper describes the
concept that has been developed for the assessment of buildings by the European Committee for
Standardization (CEN). In 2003, all stakeholders that were defining the working programme of CEN
TC350 committed to all three dimensions of sustainability, i.e. agreed to develop assessment
standards for the environmental, economic and social performance of buildings.

Recently the new draft standard prEN 16309 has been finalized with the methodologies for the
social performance assessment. It represents a comprehensive view on all 22 aspects that
determines the social performance of the building-use as part of the building’s life cycle. The
assessment of the 22 aspects is carried out and presented in 7 information modules, each
representing major activities in the building use: e.g. using the building, maintaining it, repairing,
refurbishing, etc. All the processes of these activities may define how the building is performing for
the user in terms of comfort, safety, etc. The methodology successfully follows the same structure
and philosophy as applied in the CEN TC350 standards for environmental and economic
performance assessment.

Keywords: social sustainability, social performance of buildings, CEN TC350 standards,
EN16309, methodology, social indicators

1. Introduction

A sustainability assessment is much more than collecting data in a spreadsheet. It requires
competence of the assessor on the use of the building, the construction process, the end-of-life
processes, but also on adapting scenarios and corresponding product data given in the EPD
(environmental product declaration). And the manufacturer, who is the sole owner of the EPD and
liable for his declaration, cannot limit his assessment to his production process only: all upstream
information must be included in the assessment. This is followed by scenario based downstream
assessments on aspects and impacts of the product. The standards of CEN TC350 deliver a whole
‘basket’ of sustainability indicators for this downstream assessment. The indicators will also be
important for the harmonised European product standards (hEN) for construction products that
specify the requirements of the CPR (Construction products regulation adopted in 2011).

However, the standards only quantify building performances and do not qualify buildings or
construction products Any program that qualifies buildings, e.g. BREEAM, DGNB, etc. is expected
to apply the standards for the quantification. The standards are helping to process all the
parameters into qualifications; Many of the programs use (or have announced to use) the CEN
TC350 standards for collecting the data on product performance (EN15804 based EPD's) and
apply them in the environmental, social or economic assessment of the building (amongst others
the environmental assessment according EN15978). After quantification of the building's impact
over its lifecycle these programs have their own methodology for qualifying on the basis of grouped
parameters, giving different weight to different parameters.
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2. Methodology of prEN 16309

This paper describes the new standard prEN 16309 (“Sustainability of construction works —
Assessment of social performance of buildings — Methods”) and shows that a building's social
performance can be assessed now parallel to its environmental assessment. The methodology of
assessment defined in prEN 16309 uses the same general topics and is structured in the same
way as the environmental part of sustainability assessment: e.g. system boundaries, life cycle
information modules, scenarios, etc.

Like the environmental and the economic performance assessments standards from CEN TC350
the new standard prEN16309 is applied for assessing the performance of buildings and in
particular the effect of the building on the user of the building. This standard has, apart from the
effect on the direct neighbourhood, boundaries that exclude societal effects caused by the building
and its use: spatial planning, zoning, infra structure (traffic systems, utilities and utility supply),
employment, etc., are subject of other assessment systems that apply a consequential analysis of
sustainability performance. The sustainability assessment of buildings (and construction products)
in the suit of standards of CEN TC350 quantify or describe the sustainability aspects of it
attributionally.

The scope of the social performance assessment according prEN16309 is limited to the lifecycle
“use stage”. The use stage is split up in 7 information modules as in the methodology for the
environmental assessment: the use of the building itself, maintenance, repair, refurbishment, etc.
This modular approach requires to specify scenarios for each of the information modules but then
allows to assessment how activities, circumstances and conditions impact the user in using the
building.

The more detailed the scenarios for all the information modules are specified, the more detailed
information on the social performance can be evaluated and can distinguish performances of
different building designs. Rather vague and less detailed scenarios will result in outcomes open
for many disputes. Describing scenarios certainly will show to be a crucial task of the assessor
before starting with the checklist of indicators per aspect category.

The social assessment is based on 22 aspects each using a number of appropriate indicators. The
aspects deal with accessibility of the building, adaptability, health and comfort, impacts on
neighbourhood, safety and security. A differentiation is made whether the aspects are building
fabric (materials and building model) or user control related. For the aspects, some indicators are
quantitative indicators, in specific the indicators for the indoor performance and comfort aspects.
But there are also indicators where a performance of the building cannot be measured and
quantified within the possibilities of a standard. For these indicators a descriptive performance is
attributed and assessed systematically in a checklist.

For the functional and technical related performance indicators of the building that have a social
impact on the building user, the checklist methodology refers to the existence of applicable national
or international requirements. Depending on the building type and on the building use the client
and / or the assessor decide whether the social indicator is relevant. Most of the specified social
performance indicators and measures are mandatory in the checklist however some are only given
as examples as there are many ways to achieve or secure a performance in the respective aspect.

The CEN TC350 standards provide methodologies for measuring and describing but do not qualify
what is sustainable or not: this is left to national or private tools that use evaluation, benchmarking,
weighting and rating systems, based on the results of the assessments by the before mentioned
methodologies. All CEN TC350 standards are, or will be available soon, as first generation
standards. Stakeholders in Europe now have to gain experiences in working with the standards
and in using the assessment results. Their feedback will be used to find further European
agreement on how to revise and update these standards.
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Short Summary

The HarWin (Harvesting solar energy with multifunctional glass-polymer windows)
FP7 project focuses on the development of innovative windows and their integration
in buildings. These innovative windows aim at improving significantly the energy
efficiency of windows and buildings and performing environmentally well on a life
cycle base. The improvements are based on reduced material usage and weight,
reduced thermal conductivity and energy consumption and hence, reduced
environmental life cycle impacts. The innovation lays in the integration in the window
of intelligent phase changing materials and novel glass-polymer composites with
wavelength management capability. As windows are multi-component and multi-
functional systems, an appropriate Life Cycle Environmental Assessment (LCEA)
method is needed. Based on an evaluation of best available methods and tools for
LCEA an adapted method for windows is proposed. This paper furthermore
discusses how the method proposed can be used efficiently during the development
process of the innovative window.

Keywords: Ecodesign, Energy related Product, Life Cycle Environmental
Assessment, Multifunctional windows, Product Environmental Footprint, recyclability
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Short Summary

Due partly to the government incentives, green roofs are common in the tropical Singapore
compared with the other eco-roof types. With limited land and natural resources Singapore is
unique, as most system components for green roofs have to be imported from elsewhere
while waste has to be incinerated. The main focus of green roof studies in this unique
Singapore setting so far has been the in-use performance benefits in terms of cost, energy
and water savings without considering the life time performance. However, resource costs
as well as benefits need to be considered in the decision to promote any strategy.

This paper discusses preliminary results from a study that aims to develop a life cycle
carbon footprint based decision framework for selecting eco-roof strategies. The results
indicate that the carbon footprint of green roofs depends on the construction details and
system components used. The end-of-life waste disposal contributes significantly to the
carbon footprint, even with system expansion to include avoided electricity generation as a
result of waste incineration, main method used for waste management in Singapore.

Keywords:green roof, life cycle assessment, carbon footprint, tropical climate, Singapore

1. Introduction

Singapore is a thriving world class city with over 5million population living in high-density
housing in a land area of around 700km?. Despite land constraints, Singapore is covered in
a high level of greenery due mainly to conscientious planning over decades. Making
optimum use of land, while ensuring green space is maintained at 8m?person and
increasing greenery in high-rise buildings to 50ha by 2030 are goals of the Singapore
Sustainable Development Blueprint [1]. Green roofs are an established strategy used
commonly in Singapore to soften the harsh urban environment and to improve the quality of
life.

2. Methodology

This paper considers the life-cycle performance of alternative green roof systems used in
Singapore. Three green roof types, continuous intensive, continuous extensive and modular
extensive, are considered. The study is based on industry data on material sourcing, typical
construction details, maintenance practices and waste disposal scenarios. Although the
benefits from green roofs cover a wide range, the paper is limited to implications on building
energy use. The carbon footprint of establishment, maintenance, end-of-life disposal was
established for the three systems over the useful life of green roof systems, which was
assumed to be 20-30 years. The cooling energy benefit as a result of green roof over the
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useful life was also established in terms of avoided carbon footprint.
3. Results and Discussion

The results indicate that the life stage responsible for the majority of carbon emissions
depends on the green roof construction system; continuous or modular. For continuous
construction, over 70% of the total emissions are a result of initial construction, irrespective
of whether it is an extensive or intensive green roof. For modular construction system the
maintenance contributes the most emissions with around 90% of the total. This could be
expected due to the short useful life of the tray, even though the trays are produced of
recycled polypropylene in Singapore. Total emissions associated with the modular extensive
green roof system are three times that of continuous extensive green roof while emissions of
intensive green roof system are six times that of continuous extensive green roof.

Only continuous extensive green roof system saves sufficient electricity to pay off the
emissions released as a result of green roof system over a 20-year period. Even with the
system boundary considered for green roof systems expanded to include the waste-to-
electricity generation, the performance of both extensive modular tray and intensive green
roof systems improve marginally, with only 17% and 75% of the lifetime emissions recovered
during the 20-year period as avoided emissions due to energy savings. This could be
expected as although waste-to-electricity generation avoids generation using imported fossil
fuels the process is emissions intensive.

3.1 Performance with longer useful life

If the useful life of green roof systems in Singapore is extended to 30-years, then the
embodied emissions of the intensive green roof system can be recovered as avoided
electricity emissions due to cooling energy savings over this period. However, due to
relatively short useful life of trays which leads to higher embodied emissions, the modular
tray green roof system does not pay back even over the longer 30-year period.

3.2 Performance with longer replacement cycle for modular tray system

Even with a longer replacement cycle of 7years instead of Syears considered in the base
case, the embodied emissions of modular tray extensive green roof system cannot be
recovered over the extended 30-year useful life. Although the contribution to the total by the
maintenance stage is now reduced to 63% of the total from initial 90%, the cooling benefit
provided by the roof is not sufficient to pay back the emissions associated with establishing
the system.

4. Conclusions

This paper considered the carbon footprint of different green roof construction systems used
in Singapore. The study suggests that the total carbon footprint and the life stage at which
most emissions are released depend on the green roof construction system used. The
results also indicate that the modular tray system is not a sustainable practice in terms of
carbon footprint as the emissions investment cannot be recovered. The advantages of using
green roofs, however, extend beyond cooling energy reduction, which were not considered
here. For a true evaluation of environmental performance of green roof systems, the impacts
on stormwater management also need to be included.

5. References
[1 MEWR and MND. “A Lively and Liveable Singapore: Strategies for sustainable

growth”. Ministry of the Environment and Water Resources and, Ministry of National
Development Singapore, 2009.
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Short Summary

Sustainable buildings seek not only to increase energy efficiency, but also to adopt
renewable technologies in its design. As such, semi-transparent building-integrated
photovoltaic (BIPV) is gaining popularity among architects and building designers, mainly
due to its ability to contribute towards a zero-(or even plus) energy building. Semi-
transparent BIPV windows not only generate electricity but also allow daylight into the
building and reduce the need for artificial lighting. As with other window facade elements,
their incorporation will however, increase the cooling load due to solar heat gains. This is
even more pertinent in tropical climates where temperatures are high all year round. This
paper examines the life cycle environmental performance of a commercially available
double-glazed semi-transparent BIPV module for window application under the tropical
conditions of Singapore. Energy simulations were performed in EnergyPlus with measured
data of the semi-transparent BIPV glazing in tropical conditions. Subsequently, a life cycle
assessment was conducted to determine the long term performance in terms of energy and
carbon emissions.

Keywords: building-integrated photovoltaic (BIPV); solar windows; energy performance; life
cycle assessment; tropical climate

1. Introduction

Improving the energy performance of facade elements is a key challenge in improving
building energy efficiency, because they are the interface between indoor and outdoor
environments. In addition, adopting renewable technologies such as solar photovoltaic is
becoming more popular due to the shift away from consuming fossil fuels. As such, building-
integrated photovoltaic (BIPV) is considered to be an emerging glazing technology for
building facades. When fully integrated with the building, BIPV is able to replace conventional
building materials and to generate electricity. As part of the building facade, semi-transparent
BIPV not only affects building energy efficiency through power generation, but also via its
thermal properties and daylight transmission. Several researchers have studied their
application and combined energy savings potential in different climatic regions [1-4].
Considering its multifunctional capabilities, its design and application will require optimization
to ensure that the installed systems achieve maximum outcome. Such optimization will also
strive to encourage real-life adoption of semi-transparent BIPV, as the current costs of BIPV
systems are high. Due to the long lifespan (typically 25 years), long-term implications should
also be taken into account when designing for BIPV systems. In this study, the integration of
a commercially-available double-glazed semi-transparent BIPV module in an office building
window was studied through a computer simulation under Singapore’s tropical climates. The
potential electricity savings, due to electricity generation and daylight transmission, was
estimated. In adopting a long term view in designing of renewable systems, a life-cycle
perspective was used to study its energy and carbon emissions, in terms of emissions
intensity, energy payback time (EPBT) and energy return on energy investment (EROEI).
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2. Results

Table 1 shows the annual electricity benefit that reflects the photovoltaic electricity
generation, savings in artificial lighting and reduction/increase in cooling required. All four
orientations indicate potential for semi-transparent BIPV adoption. A WWR of 90% was
deemed practical for a highly glazed facade and its results were used for the life cycle
assessment. Figure 1 shows the results of the life cycle assessment in terms of EPBT and
EROEI. It indicates an EPBT range of 5.7-6.4 years and EROEI ratios of between 3.6 and
4.0.

Table 1: Annual electricity performance benefit for main orientations

Annual Electricity Benefit (KWh/mz/yr)
East West North South
10 196 194 1.76 1.81
20 399 393 352 3.62
30 592 592 523 537
40 7.78 7.79 6.88 7.05
50 951 955 842 8.63
60 11.18 11.19 9.90 10.15
70 1297 12,96 11.50 11.78
80 14.68 14.65 13.02 13.33
90 16.40 16.37 14.58 14.92
100 18.00 17.98 16.04 16.41
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Figure 1: EPBT values and EROEI ratios for various orientations

3. Submission of contributions

The results suggest that semi-transparent BIPV windows are feasible on all facades in
Singapore, due to the highly diffused nature of the skylight. There is significant potential for
semi-transparent BIPV windows to be applied in Singapore’s buildings. The potential areas
for practical application go beyond orientations that fall within the direct sun path but also to
those that do not.
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Abstract

It has been estimated that up to 85% of the buildings life cycle energy requirements are taken up in
the operational phase of residential buildings. This has been gradually decreasing in low carbon,
zero carbon, and living buildings. As the energy requirements to operate homes and apartments
decrease there is a growing importance to reduce the amount of embodied energy through the use
of sustainable construction materials. A growing body of literature reveals that the use of timber
sourced from sustainably managed forests and plantations can significantly reduce the embodied
energy in homes and apartment blocks in comparison to heavier materials such as concrete, steel
and masonry. The last twenty years has seen the development of engineered wood products
suitable for use in medium-rise apartments in particular cross-laminated timber (CLT). Europe has
been the centre for the construction of a number of structural timber apartment blocks with the 9
storey ‘Stadthaus’ building in Murray Grove and the 8 storey ‘Bridport House’ in Hackney, London
being the largest modern timber apartment blocks until 2012.

Structural timber apartment construction is limited in Australia due the market dominance of
materials such as steel, reinforced concrete and masonry used in these projects. Increasing
population densities requiring taller buildings, stricter building codes and standards as well as an
established workforce and technologies all support the use of heavy materials in medium and high-
rise apartment construction. The majority of apartment projects in NSW are built with reinforced
concrete floor plates and columns. The national code of construction does not permit apartments
greater than three storeys to be built out of structural timber elements so alternate design solutions
are required to achieve compliance. This arduous process in addition to the strict fire and acoustic
performance requirements of apartment buildings has resulted in heavy material utilisation in these
types of projects until recently. Australia’s first CLT building and the world’s largest apartment
block constructed of CLT has just been completed in the Docklands area of the city of Melbourne.
The construction industry, investors and the general public are observing this project for success in
the areas of erection speed, lightweight structure and environmental benefits. Contrary to other
CLT apartment projects this development targets the higher end of the sales market, therefore
placing a reliance on public perception for the uptake of this timber construction methodology.

This paper investigates the perception of Australians towards the use of timber as a sustainable
building material, the desire of residents to invest and live in medium rise timber apartment blocks,
and the willingness of consumers to pay a premium to live in low embodied energy buildings.
Online questionnaire surveys were used to collect responses from residents of Australia’s state of
New South Wales. The sample group was composed of residents occupying and/or owning units
or detached dwellings and having a background of either construction or non-construction related
employment. This paper highlights Australian homeowners reluctance to invest and live in
innovative timber buildings despite demonstrating an understanding of the benefits of using
sustainable building materials in new construction. This paper presents the results of a questionnaire
survey to homeowners and occupants in New South Wales, Australia and provides some strategies on
how to increase the acceptance of the use of timber in innovative housing projects in Australia.
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Short Summary

In several research projects of the Department of Structural Design and Timber Engineering (ITI) at
the Vienna University of Technology (VUT) the combination of timber products with other
conventional building materials and components, e.g. glass, steel and lightweight wood particle
concrete was explored with the purpose to optimize structural performance, usability energy-efficient
and ecological profile of composite systems [1, 2]. A number of show cases mixing different material
elements are presented e.g. timber-glass, timber-steel and timber-lightweight concrete, use for beam,
columns, shear walls and floor constructions.

Keywords: Sustainable building, sustainable redevelopment, wood based structural elements,
resource efficiency

1. Introduction

Buildings play an important role when it comes to controlling climatic change through the reduction
of CO2 emissions in the production of building materials; during the construction phase itself; during
the use of the buildings; during the recycling and destruction process; and in deposits. Nowadays,
construction techniques in Europe are mainly based on the use of industrially produced materials
such as steel, reinforced concrete, bricks, plasterboards, etc. Especially during the past two
centuries, they have largely replaced natural materials which had been used for thousands of years,
including wood, stone, and clay. The building market has always been the most important mass
market for timber products. The European countries have to face profound changes in the demand
for buildings. The building codes are in constant revision, actually nearly all European countries allow
at least 4 stories buildings in timber as regular solutions and pilot projects had been built up to 10
stories. The renewable raw material “wood” is available in a sustainable way; the basic technologies
are well known and good examples of wood-based building already exist. However, the potential of
using wood in the building sector is still highly underestimated. Wood as a sustainable and an
ecological material has an excellent chance to be an alternative construction material in urban areas.
The technical possibilities have multiplied, new materials and new construction methods appeared
and finally a set of completely new requirements concerning environmental aspects and criteria of
sustainability has to be translated into the built reality.

In several research projects of the ITI at the VUT the combination of timber products with other
conventional building materials and components, e.g. glass, steel and lightweight wood particle
concrete was explored with the purpose to optimize structural performance, usability energy-efficient
and ecological profile of composite systems [1, 2]. The developments focus on wood as renewable
resources, waste and manufactured products of the forest industry. The ecological impact of the
most performing structural elements was analyzed with regard to life-cycle analysis, following the
whole fabrication chain of all components, and comparing the results to conventional ways of
construction in order to demonstrate the competiveness of the developed wood-based systems.
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2. Wood based structural elements
As a representative example for these developments the application of cement bonded wood

composites as structural sandwich panels illustrates the extent of the interrelationships involved in
the development of complex system solutions to increase resource efficiency (Fig. 7).
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Fig. 1: Lightweight wood-concrete floor element

The following stages were proposed to achieve relevant results compatible to industrial applications:
= Development and optimization of wood light-weight concrete using recycled wood particles

and new additives, strength tests and evaluation of the physical properties of the lightweight

wood-concrete,

Design of structural components made of lightweight concrete connected to timber sections,

analysis of the experimental results to develop design concepts,

Evaluation of the thermal and sound insulation behavior,

Fire resistance by explorative tests,

Optimization of the manufacturing methods,

Studies regarding the ecological impact.

440488 &

In order to recognize the potential for future market implementation and to demonstrate the
competiveness of the developed multi-layer systems, the economic feasibility and ecological impact
of the most performing structural elements were analyzed in several case studies [1]. Four different
variants of floor elements were examined. From the ecological point of view the lightweight wood-
concrete floor elements were examined by two end of life (EOL) scenarios. The comparison
represents that the lightweight wood-concrete floor elements are an adequate alternative to the
massive timber as well as conventional concrete floor elements.

3. Conclusions

To reach a comparable or higher market share in the multi-story sector timber-based buildings must
be economically competitive. The strategies to increase use of timber in multi-story buildings are:
= Combination of wood with cheaper, non-combustible mineral materials for cost and fire
resistance optimization,
= Full use of prefabrication with the goal of reducing erection time,
= Increase specific knowledge about timber by professionals, students and builders,
= Realize intelligent and attractive pilot projects.
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1. Extended Abstract

Cladding systems performances are considered more and more important to determine
sustainability values in the construction of a building. In fact, the insulating envelope is the
mediating element between outdoor environment and indoor spaces of a building: it is responsible
of heat transfer and regulation of energy flows through the wall.
The present work aims to improve the performance of an existing commercial product (PIZ
Cladding System) through the use of smart materials called PCMs (Phase Change Materials).
These materials have been used for many years in building industry because they are able to store
high amounts of heat, which helps decreasing thermal peaks inside buildings and energy
consumption used for cooling systems.
The new product developed, aimed at improving insulating properties, is a composite panel made
of a cellulose fibre matrix (obtained from recycling processes of cardboard) and PCMs as additives
in the mixture.
The environmental improvement of the product obtained with the present research consists in the
following features:

» the use of widely available waste products such as cardboards as base material;

» the development of a new smart material which is able to increase the insulation properties

in specific and critical conditions through the use of PCMs;
= the achievement of a product which is in turn recyclable, because the presence of PCMs
doesn’t contrast the recycling of paper to obtain a new insulating panel.

Experiments on composition and productive process have been done in laboratory scale in order
to face each outlined aspects. Afterwards tests have been conducted in order to verify the
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effectiveness of the processed solutions. Finally comparison between cellulose samples and perlite
panels actually employed in PIZ Cladding System has come to the conclusion that the new
composite material developed represents a valid alternative for the sustainable improvement of the
product.

The improvement process starts form the choice of recyclable materials with insulating properties
like cellulose fibres, with the aim to find a solution for the cardboard scraps over-collection problem.
The enhancement of product lifetime through the maintenance of material resistance properties
has been faced with the selection of specific additives which also allow further recycling process.
The implementation of insulating properties has been achieved with the addition of PCMs whose
operating principles has the effect to reduce the energy consumption of buildings.

All the underlined aspects have been validated by laboratory tests and numerical values. Density,
flexural strength, thermal conductivity and conductance of the new composite material developed
resulted comparable to those of perlite actually employed in PIZ Cladding System (Table 1).

Table 1: Comparison between perlite and cellulose fibre panel

Material Thermal Densit Flexural

conductivity (kg/m?) strength

(W/mK) (kPa)

Expanded perlite panel with cellulose fibre 0.050 145 282.95
Pourous panel of cellulose fibre and PCMs 0.052 180 170.75
Perforated panel of cellulose fibre and PCMs 0.055 215 375.80
Expanded perlite panel 0.060 260 650.50
Compact panel of cellulose fibre and PCMs 0.063 215 390.25

In order to evaluate the thermal insulation in dynamic condition a thermal test has been done. A
thermostatic chamber has been constructed and temperature variation of typical summer days has
been reproduced switching a lamp inside it. Samples of insulating material have been placed on
the perimeter wall and, using a heat flows probe, the insulating capacity of each panel has been
compared. Calculating the area under the thermal flows curves (Fig.1), it has been possible to
compare the amount of thermal energy which passes through the panel in a definite period time.
The new product gives better results in dynamic conditions thanks to the thermal storage effect of
PCMs which help to reduce the heat transfer when temperature reaches high typical summer
values. Those thermal tests suggest that PCMs could be effective for the reduction of cooling
systems energy consumption during summer periods.
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Fig. 1: Area variation under thermal flows curves
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Short Summary

The conclusions of the EPD studies carried out till 2012 show that when considering all the
categories of the LCA, the average environmental impact of Plastic pipe systems in general are
lower than of comparable other materials. The CO? footprint which is the best known parameter
and environmental impact in the LCA is as well lower than of comparable other materials.

Key words: Plastic pipe systems, life cycle assessment (LCA), environmental product
declaration (EPD), European sector approach, sustainable construction and housing.

1. About TEPPFA

TEPPFA stands for The European Plastic Pipes and Fittings Association. It is a trade association
representing the key manufacturers and national associations of plastic pipe systems.

Plastics are very young materials. The first polymers were explored or developed within the last 100
years and their use for pipe production has an even shorter history. Plastic and plastic pipe industry
is not an innovative industry but it is the innovation itself. The environmentally conscious thinking and
acting are the essence of our economic area.

1.1 Our goal

As early as the European Commission gave the Mandate to CEN for creation of a Technical
Committee dealing with the environmental aspects of building products and the built environment
TEPPFA has also started using the results of this CEN/TC 350 parallel to the development of
relevant standards (e.g. prEN 15804, etc.).

In the full paper and the presentation you may catch this early waking looking for the two legs of
abiotic depletion. Yes, our studies contain only the combined value of fossil and non-fossil
elements of abiotic depletion coming from the fact that in the drafts of EN 15804 this was the case.
The initiative aims to measure the environmental impact of plastic pipe systems throughout their
entire life cycle (including the raw material extraction and production, the manufacturing process,
the transport, the installation, the use and the end of life disposal).
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2. Development of EPDs

TEPPFA has developed an environmental programme with the aim of covering all application
areas where its members are interested. The program started in 2008 and is running even today.
The companies producing plastic pipes and fittings provide their data. Then the LCA is done by
Vito and it is reviewed by Denkstatt.

3. Plastic pipe applications & detailed CO? footprints studied:

A Sewage and drainage applications (non-pressure):
PVC-U solid wall sewer pipe system [12]
PVC-U multilayer (foamed core) sewer pipe system [13]
PVC-U multilayer (core of foam and recyclates) sewer pipe system [14]
PP structured (twin) wall sewer pipe system [15]
PP solid wall sewer pipe system [20]**
PP structured wall multilayer sewer pipe system [20]**

OO OO OO0 W

2 Water and gas distribution applications (under pressure):
PE water pipe system [8]
PVC — U water pipe system [9]
PVC - O, MRS 31,5 MPa, water pipe system [10]
PVC - O, MRS 45 MPa, water pipe system [11]
PE gas pipe system [19]**
PE water pipe system installed by directional drilling technology **

OO0 O OO0 W

3 Soil and waste applications in the building (non-pressure):
PP pipe system [6]
PVC-U pipe system [7]
PP low noise pipe system [18]**
PVC-U low noise pipe system [18]**

O O OO0 W

4 Plumbing, hot & cold applications in the building (pressure):
PEX solid wall pipe system [16]
Polymer, aluminium, polymer multilayer pipe system [17]
PP-R pipe system [21]
PB-1 pipe system** (** In preparation)

O O OO0 W

The second part of the presentation gives the details of the environmental impacts especially the
CO2 emission of plastic piping systems from cradle to grave.

Contact info: TEPPFA secretariat Tel: +32 2 723 24 06
Avenue de Cortenbergh, 71 Fax: +32 2 736 58 82
1000 Brussels Belgium www.teppfa.eu ; info@teppfa.org
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Extended Abstract

The project Symbio2 is the research and development of a hybrid facade system that uses the
concept of symbiosis of building systems with the controlled and regulated production of microal-
gae on the building fagade. The research explores the behaviour of thin flat panel microalgae
photo bioreactors in the configuration of a double skin facade where aerolic and fluid exchanges
between the building and the photo bioreactors are optimized [4], [5], [6]. The purpose of the re-
search is to demonstrate the economic and technical feasibility of this new approach to producing
microalgae.

| .-__ALGAE SOLUTION

", INPUT/QUTPUT
microalgae/CO’
feompressed air

Fig. 1: Breakdown of Photobioreactor Fagade System

A demonstrator project on an industrial building in Nantes, France is under development. The host
building a waste incineration plant will be used to test the new system in symbiosis with its existing
operations. Although the host building is an industrial building the configuration is designed to en-
able comparison and validation of different building types such as residential and commercial.
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Based on the latest development in solar photobioreactor modeling ([1], [2], [3]), a techno-
economic model has been developed that measures the impact of the facade design on microal-
gal production and the energy performance of the building and balances it with both the invest-
ment costs, operational costs and the return on investment from microalgal production to under-
stand what are the drivers to making the system feasible.

Thin flat panel photobioreactors were found to maximize light exposure. By placing the photobio-
reactors only on southern, south eastern and south western facades solar gain is maximized on
the microalgae thus maximizing production. The microalgae absorb all the solar gains preventing
it from penetrating the building so thus acts as a natural brise soleil. The double skin facade sys-
tem facilitates the thermal regulation of the microalgae and the building, which have similar needs,
but also bring the traditional benefits of the configuration such as natural ventilation and solar op-
timization.

The research also shows the benefits of this new system in reducing the embodied energy and
water in comparison to the existing highly inefficient “raceway” production systems and more mod-
ern tubular systems. The research also has identified specific high value micro-algae that require
similar temperatures for growth to that of humans inside the building to maximize the symbiosis
between the two. The choice of microalgae is based on the current capital costs of implementing
and operating the system in line with typical building costs.

The technico-economic analysis reveals that the development and eventual mass production of
such facade systems will enlarge the choice of microalgae that are feasible techno economically.
Symbiosis also involved several environmental benefits, including the reduction of the urban heat
island, CO2 absorption, O2 production and phytoremediation. The reduction of the capital costs of
the system is the biggest driver to ensuring the feasibility of implementing such systems.

Keywords: Photobioreactor, microalgae, facade, farming, symbiosis
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Short summary

For ease of use by industry, the lead indicator should be a combined resource score that
incorporates both the quantities and residual lives of the abiotic, fossil fuels, biotic and secondary
resources used in a product. Water use should be reported as a separate indicator, as pressure
on this resource varies geographically. EN 1990 sets the minimum design working lives for various
types of structure and if a particular component of a structure is not expected to achieve the
intended working life, then the life cycle analysis should take into account the impacts of
replacement. If the term ‘environmentally compatible’ is taken to mean that a structure does not
release or emit significant levels of dangerous substances, this is already covered by BRCWS3:
Hygiene, Health and the Environment.

Keywords: Construction Products Regulation, BRCW?7, resource indicators, sustainability, fossil
fuels, abiotic resources, biotic resources, water.

1. Introduction

The Construction Products Regulation has introduced a new Basic Requirement for Construction
Works (BRCW?7) on the topic of the sustainable use of natural resources. At present there is no
guidance at the European level on how producers should implement BRCW7 and provide the
relevant information. The basic rule is that a producer is only obliged to provide information if there
is a notified regulation requiring this information; in all other cases they may use the ‘no-
performance determined’ option. At present there are few, if any, relevant notified regulations but
this may change in the future. The expectation is that the requirement for information on BRCW7
will be driven by specifier demand.

2. Implementation of BRCW7

With BRCW7 the most important words in the construction Products Regulation are in the text
before the list and they are ‘the use of natural resources is sustained’ and this requires the
indicators to include measures of both quantity and scarcity of resources employed. Such an
indicator has been developed [1] and it is described in outline in the full paper.

2.1 Re-use and recyclability

Most construction products are recyclable at the end of their life. Metals have a high intrinsic value
and, as a consequence, a high recycling rate but with lower value recyclable products, such as
brick, concrete and plasterboard, the recycling rate is linked to the level of market intervention.
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2.2 Durability

EN 1990 defines minimum design working lives for different types of structures. If the declaration
of performance or the technical specification indicates that a component of a structure is unlikely to
achieve the intended working life, the life-cycle analysis should include the impacts of replacement,
including the resources required for such replacement.

2.3 Environmentally compatible

The exact intent of the bullet point ‘Use of environmentally compatible raw and secondary
materials in the construction works’ is more subjective. Our interpretation of this wording is that
there are two points within the one phrase. The first is that the materials used should be
environmentally compatible and this is taken to mean that they do not release or emit significant
levels of dangerous substances during construction, during the in-use phase or during the end of
life phase. This aspect of performance is already covered by BRCW3: Hygiene, health and the
environment. A series of amendments to product mandates have been or are being issued by the
European Commission that requires the producer to provide information on the potential release or
emission of dangerous substances if the product is to be placed on a market with a notified
regulation. The same approach may be used to provide information to satisfy non-notified
regulations and customer requests for information. Consequently, this aspect of performance is
already adequately covered and further information under BRCW?7 is not needed.

The second point relates to the use of secondary materials. Secondary materials may be by-
products of industrial processes, e.g. fly ash from burning coal to produce electricity, or recycled
materials. The lead indicator described in the full paper takes into account the use of secondary
materials.

3. Resource Indicators in EN 15804

CEN/TC350 is pushing strongly to have its suite of indicators used as the measure of satisfying
BRCW?7. CEN/TC350 has no product specific indicators for the social and economic pillars of
sustainability. Without such indicators, it is likely to be concluded that bio-fuel is the answer to
energy needs and this is likely to have a devastating effect on the food supply/price in third world
countries and the loss of habitat to native people.

4. Lead Indicator: Combined Resource Score

The University of Dundee has developed a methodology for combining 11 of the EN 15804
indicators into a single ‘Combined Resource Score’, which is based on the concept of residual life
(as is the abiotic depletion potential). Residual life should not be regarded as a ‘tablet of stone’ but
the best current estimate and it is accepted that these values must be periodically reviewed and
updated.

5. Main Conclusion

Information on the sustainable use of natural resources (BRCW?7) is best provided using a
Combined Resource Score that encompasses 11 of the 12 resource indicators given in EN 15804.

6. References

[1] HARRISON T A, JONES R, DYER T and HALLIDAY J, A tool for measuring resource
sustainability, XVI ERMCO Congress — Verona, 21-22 June 2012.
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Short Summary

Life Cycle Impact Assessment (LCIA) is a phase of the Life Cycle Assessment that aims to
evaluate the magnitude and significance of the environmental impacts of a product system
throughout the life cycle of the product. LCIA is the weakest but the most important phase of the
method due to uncertainties of the components and approach differences between methods.

Spatial differentiations are effective in evaluating and determining the significance of environmental
impacts. Therefore, most countries have created LCIA methods aimed at assessing their own
environmental situations. In addition, some countries have created LCA tools that evaluate the
environmental impacts of building materials and developed LCIA methods. There are different
approaches between LCIA methods. One of the important differences is the point that
environmental categories evaluated quantitatively in the system. Accordingly, midpoint, endpoint,
and methods, which combine two approaches, have been developed. The methods are also
different in specific aspects, such as the quantity and the concept of selected impact categories,
the environmental models developed for the characterization, normalization and weighting factors.

This study aimed to evaluate and compare current LCIA methods for building materials such as
BEES, Bre- Environmental Profiles, BPIC / ICIP, ATHENA Impact Estimator, BEPAS and BELES.
These comparisons are based on the ISO 14040 standard framework. As a result of the study,
differences in the methods are seen in the selected impact categories and category numbers, the
point which environmental categories evaluated quantitatively, selected category indicators and
models, normalization factors and weighting methods. This study emphasizes that continent or
country specific LCIA methods for building materials need to be created.

Keywords:Life cycle impact assessment methods; building materials; environment; locality

1. Introduction

High production quantities of the building materials in the building construction and the use of them
in a wide area in the world make the environmental impacts of the building materials important. Not
only properties, types, application conditions and performance of the building materials but also the
environmental effects should be known by the architects.

2. Discussion and conclusions

Most of the methods evaluated in the scope of the study are based on midpoint approach
methods. Advantages of using midpoint approach are the reduction of the uncertainties in the
method and possibility to develop a method that combines with midpoint and endpoint approaches.

Considering environmental impacts of building materials, the effects on air and water quality, soil
effects besides, the consumption of non-renewable resources becomes important. Different
environmental impact categories are assessed in the LCIA methods discussed. Waste, human
toxicity, indoor air quality, dust and noise are at least evaluating the environmental impact
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categories. Formation of odours is not assessed as impact categories in the methods. However,
environmental and human health effects of these categories are great in the life cycle of the
building materials. Therefore, these environmental impact categories should be considered.

When examined the characterization factor used in the calculation of environmental impacts, there
is a consensus for global warming used CO, equivalent, for ozone depletion used CFC11
equivalent. However, there is no consensus on globally representative characterization models for
regional impact categories. For people who study on building, it is difficult to decide which
equivalents are better for the characterization factors. A recent study of Hauschild and his friends
can be the source on this issue. Accordingly, baseline model of the IPCC and WMO model are
recommended and satisfactory. Other impact categories are evaluated as recommended but in
need of some improvements or recommended but to be applied with caution [10].

The amount of emissions per person per year is mostly used as normalization factor in LCIA
methods. Geographic and time coverage are important in order to calculate the factors. For LCIA
of building materials, it is necessary to determine the importance degree of impact categories for a
region or a country. Panel method is mostly used in these methods. The disadvantage of the
distance to target method is that weighting coefficient may change depending on the policy of
countries. Only one method uses willing to pay method. Use of this method depends on the
determination of economic values of the selected environmental damages for LCIA methods.

Potential environmental impacts and the importance of particular impacts can be quite significant
between the countries or regions. The life cycle processes can vary considerably from country to
country, as can the types of fuel used, the source of raw materials, transportation distances, and
the relevance of specific impact categories. The most accurate findings are usually obtained where
product, process, technology, and local data for a building material being studied is used.
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Extended Abstract

Biocomposites are composed of natural fibers combined by a bio-based matrix created from
renewable resources, like linseed oils, or natural fibers combined with an oil-based matrix or
artificial fibers bonded with a bio-based matrix. In this paper, biocomposites applied and meant are
those green biocomposites composed of natural fibers and bio-based matrices. The authors here
discuss the agro-fibers biocomposites where fibers applied are short natural agro-fibers, retrieved
from agricultural residues resources, bonded with bio-based matrices retrieved and manufactured
from annual plant origins that can’t be directed towards the feedstock industries.

Agricultural fibers, from which agro-fibers are retrieved, are those natural fibers that are left over
after the production of crops whether cereal crops, fruits, vegetables or nuts. The main interest in
such annual crops' agriculture is the seed/fruit itself and not the residues left over after harvesting.
That's why huge quantities of such residues are so often burnt after re-using relatively small
amounts of them in conventional applications. On the other hand, and as the problems of
conventional limited usages of stalks, straws,...etc aren't completely been solved, fiber application
industries are in great thirst to new available and cheap fiber types. Paper, furniture as well as fiber
reinforced composites are accordingly examples of industries that can have a great advantage
from applying such fiber sources. Therefore, the highest agricultural residue worldwide, cereal
straw, is here applied as an agro-fiber source to manufacture composites that are usable for
architectural applications investigating higher standards of desired architectural designs, unlike the
classic un-attractive straw baling systems applications in architecture.

Using agro-fibres and applying them in the form of biocomposites, utilizing bio-based matrices
based on renewable resources, can offer the opportunity to produce safe formaldehyde-free
materials for interiors, hence reaching the highly recommended VOC-free interior air quality.
Applying cheap and available natural fibers retrieved from the agricultural residues source would
offer not only an environmental balance together with a society awareness reflection, but would
also open a new market for biocomposites materials with lower prices and acceptable
performances.

The relationship between ecological products based on biocomposites and their applications’
potentials in the architectural field is of a critical and crucial nature. Such ecological products
reflect the main aim of reducing production emissions, resources consumption and providing more
sustainability aspects that are urgently needed in all industrial fields, especially in the architectural
and building ones. Product development especially in such a field should not only focus on the
material properties, but also on the architectural design aspects and the methodology of achieving
this design using the available production technologies, making good use of the materials
workability and characteristics.

Agricultural fibers’ application in architecture is not a new discovered issue, but was already in use
since the pheronic ancient Egyptian era when the rice straw was mixed with mud to form bricks
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that were used to build regular housing. In contemporary architecture, agro-fibres are re-
discovered and re-applied, but still in limited applications. The hidden reason might be the un-
attractive straw bales’ look that still appears directly in our minds when talking about agricultural
residues, making their applications next to their other technical difficulties, handling problems and
aesthetic limitations still un-desired from lots of end-users worldwide.

Therefore, it's discussed here within this paper another method of agro-fibres appliance to reach a
much higher architectonic design value and appearance, depending on renewable based matrices
that can bind the agro-fibres in the desired forms, surface finishings and colors, reflecting their eco-
logical nature to the end-user, according to the required design. In this case, and with extra further
investigations, such products can compete with and replace existing fossil-plastics and wooden
products which are already present in the contemporary architectural-products’ markets, those
which are applied in the same target applications like cladding, partitions, acoustic panels, ...etc.
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Fig.1: ‘TraShell’ - from cereal straw, organic Fig. 2: ‘BiOrnament’ — from rice straw, bio-resin
ash and bio-resin.Photo: B. Miklautsch and natural pigments. Photo: B. Miklautsch

Throughout the paper two product designs are thoroughly discussed, which were manufactured as
mock-ups to scale 1:1, (Figs.1-2). The products were manufactured using linseed oil-based epoxy
resins, binding short natural agro- cereal straw fibers. Through these designs, higher levels of ar-
chitectonic design requirements were investigated represented in formability and processed to
reach special desired designs like free-form panels and laser-cut oriental-designed plates. The
manufactured products are appropriate in interiors’ as well as exteriors’ applications. Mechanical
testing showed comparable stiffness values with existing non-structural materials available in local
markets that are applied in interior applications. This reveals the potential of replacing existing
conventional materials with renewable-resourced products based on agro-fibers and bio-based
matrices. Further experimentations and designs should be proceeded by architects, designers and
material engineers to reveal more attractive applications possibilities from agro-fibers.

Keywords:Biocomposites, Product Design, Ecological architectural products, Natural fiber compo-
sites, Agricultural residues, Agro-fibers.

SB13 Graz



197

Challenging ETICS

DI Wolfgang Winter Dr. Ingo Curt
Founder Riemenschneider
winterface Founder

Austria Austria
wolfgang.winter@win winterface

terface.at ingo.riemenschneider

@winterface.at

DI Heinz Ferk, Bauphysiklabor TU Graz, Austria, ferk@tugraz.at
DI Markus Mosing, Bauphysiklabor TU Graz, Austria, mosing@tugraz.at
Acknowledgment: This work was supported by grants from aws, ffg and the Science Park Graz.

Short Summary

The results from the investigation of the question whether insulating elements from components of
the ETICS can be produced with sufficient static properties due to a new support structure as
defined by winterface to be produced as facade elements in a individualized industrial series
production provide a new and significant solution to the challenge of deconstructing ETICS
according to the Regulation (EU) No 305/2011 basic requirement for construction works No. 5, 6
and furthermost 7 Sustainable use of natural resources [1] which now has come into force.

Keywords:ETICS, ETIC, TICS, WDVS, Regulation (EU) No 305/2011, thermal refurbishment,
EIFS, prefabricated cladding system, large panel system,

1. Introduction

Only under the condition of static characteristics sufficient to guarantee functionality and usability
the sensible use of individualized industrial series production of ETICS cladding panels on the
basis of modern imaging methods of measurement can be made possible. The use of computer-
based production technology enables economic and ecologic optimization over the entire
manufacturing process. Conventional ETICS is fixed to the wall, thus does not meet the EU
Regulation, which also prescribes the process at the end of use to be considered.

2. ETICS insulation elements

2.1 The winterface system:

winterface has defined a novel load-bearing structure for ETICS elements winterface along with a
method of manufacturing, which allows a customized industrial series production of precisely fitting
ETICS facade elements. They can be built from accredited components of ETICS on the basis of
insulation materials such as EPS, mineral wool, PUR / PIR or wood fibreboards. Thus the whole
wood frame construction of elements as examined in the research program Haus der Zukunft can
be replaced by wood fibreboards when using the load-bearing structure of the winterface elements.

2.2 Ensuring functionality and usability

Static sufficient properties will be stated in this work, only when functionality and usability are
demonstrated by the fact that under normal loading as wind suction on the order of 1,000 N/mz, the
deflection of the ETICS elements remains limited to the length-dependent maximum value of L/200
and that extraordinary loads such as wind suction on the order of 2,500 N/m2 and more do not lead
to fracture of the ETICS elements or their mounting system.

3. Computational models of the deflection
Two computational models were developed to predict the behaviour of the elements under load:
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one based on a total cross-section method and one based on composite materials. Both methods
give similar results for the expected deformation for the relevant loads (1,000 N/m?). For thinner
elements with an insulation thickness of 120 mm, the total cross-section method gives about half
as large values as the composite method. For thicker elements with an insulation thickness of
approximately 200 mm the same values arise in both methods.

4. Testing

4.1 Deflection

For the wind pressure tests 20 specimen 2,000 by 1,500 mm were manufactured in ten different
designs concerning parameters of their inner structure, where certain parameters have been
varied. Each parameter is represented in two "extreme" values. The parameters: Adhesives:
Cement vs. Dispersion | Bars: with vs without bars made from adhesive | thickness of Insulation
120 mm vs 200 mm | Insulation material: EPS boards vs mineral wool (boards and plates)

4.2 Pull out tests

Based on the ETAG 017 32 specimens were made in total. In these test elements different variants
of anchors (standard dowels, helical dowels, and threaded rods) were used. The samples were
clamped on a tensile testing machine and a force-distance curve was recorded. The specimens for
the pull out test are 400 x 400 mm wide and have thickness of 160 mm.

5. Results

5.1 Failure Limits

The results obtained in the wind pressure tests have not only met but far exceeded the
expectations. The experiments have shown that the elements have less deflection than predicted
by the models and beyond are also close to indestructible. It was examined that the test bed could
not keep up the pressure at a load between 3,500 N/m2 and 4,000 N/mz2. All but one elements have
left the test bed intact. For comparison, this burden is equivalent to a heavy storm.

5.2 Verification of computational models

The values at GQS are in the thin components as mentioned about half the size of the values of
VW. However, the measured values in these components at the higher loads showed larger values
as predicted by GQS. Thus VW provides higher values for safeness for the dimensioning.

5.3 Pull out tests

The pull out tests have shown that the extraction forces already can be coped with standard
dowels directly mounted in the insulation material (variant 1), which are sufficient in areas with low
wind load. For increased wind loads the dowels can be either combined with the bars or the
number of dowel per square meter can be increased.

6. Discussion

The static examinations show that a minimum total thickness of the elements should be kept above
150mm and that a maximum span of the elements of H max = 3,000 mm can be achieved. Even
simple alternatives when brought in bond with the adhesive layer achieve better results than
ETICS dowels. Thus the fastening system can be reduced of dowels and rails using joint profiles
that operate with a two-stage sealing system. This also simplifies the manufacturing process by
eliminating the substructure, while allowing joint profiles to fix the insulation during the curing of the
adhesive.

7. Conclusion

The investigations carried out on ETICS elements have shown that insulating elements from
components of the ETICS can be produced that have static properties that ensure the
maintenance of functionality and usability even under extreme conditions. Thus ETICS elements
can be prefabricated, which are suitable to be mounted as the exterior wall insulation for use in
thermal renovation and new construction. Due to their possibility of disassembly also the basic
requirement for construction works No. 5, 6, and 7 of the Regulation (EU) No 305/can be met.
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Short Summary

A mobile sensor for measuring the Ug-value of window glazing was developed and tested. The
sensor allows short measurement times of few minutes and a high accuracy. The sensor covers
the whole range of Ug-values between 0.5 W/(m?K) and 4 W/(m°K), which is typical for glazing
found in the building stock. A first prototype of the sensor was produced and tested in the
laboratory as well as in field tests. A commercialization of the sensor is planned.

Keywords:Ug-value; measurement device; window glazing; energy-efficient buildings.

1. Introduction

Windows are an energy sensitive part of the building fagcade. However, after a window is
incorporated into the fagade, it is very difficult to determine the thermal insulation value of the
glazing, especially if no product information about the glazing used is available. There are some
existing methods to measure the Ug-value of a glazing, like simple tools (e.g. www.fensterglas-
test.de) that give more a rule of thumb than an exact value, or laboratory measurements that give
an exact value, but where the glazing has to be dismantled and transported to the measuring
facility. A measurement device for the Ug-value that gives fast and accurate results and can be
used on-site is not state-of-the-art.

2. Results

A mobile sensor for measuring the Ug-value was developed and tested within the frame of the
project ,Development of a new evaluation tool to determine the energy savings potential of window
refurbishment including effects of glazing, frame and connection“ [1]. The sensor consists of two
half-shells that are put onto the two sides of the glazing to be measured. One side of the glazing
then could be heated up and the temperature signals on the two sides are measured (Figure 1).
Finally, an analysis software transfers the transient temperature signals into the Ug-value of the
glazing. The analysis software also converts the measured Ug-value to standardized conditions, so
that the results obtained with the sensor are unaffected by environmental conditions and directly
comparable to the Ug-values given by the producers.

A first prototype of the sensor was built and tested in the laboratory as well as in field tests (Figure
2). The results are very promising, giving a high accuracy with measuring times of about 10
minutes for double glazing and about 20 minutes for triple glazing. The sensor works with vertical
(facade) as well as inclined glazing (roof windows).
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Figure 2: First prototype of the Ug-value sensor (left) and field test with anti-fall guard (right).

3. Conclusions
The newly developed mobile sensor allows fast and accurate measurements of the Ug-value on-
site:

e measuring time few minutes,

e measuring accuracy about + 10% or + 0.1 W/(m?K) whichever is higher,

e also suitable for inclined glazing (roof windows).

A commercialization of the sensor is planned by the company Netzsch. It should be available end
of this year.
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Short Summary

The current studies highlight the problem related to the robustness and reliability of LCA. The main
scope of this work is the identification of the building materials that influenced most the
environmental performances of houses, and the building materials that influenced most the
uncertainties of the environmental performances of houses. To do so, a statistical methodology is
applied to 16 single houses.

Keywords:Building life cycle assessment, sensitivity and uncertainty analysis

1. Introduction

The assessment of environmental performances of buildings is now commonly based on a life
cycle approach. The current studies highlight the problem related to the robustness and reliability
of LCA. Calculation of building LCA conveys uncertainties due to: calculation model, data used into
calculation and LCA user’s level of practice. This study only concerns by the uncertainties related
to the data used for calculation. The reliability and robustness of results in building sector is most
complex than the other industrial sectors, not only due to the complexity of building but also due to
their very long service life that makes this sector unique in comparison to other complex products.
This induces large difficulties on how to assess the whole life-cycle of building due to the facts that
the energy during the use phase as well as its nature will drastically change during the next 50
years. The service life of building materials and elements can be lower than the building itself due
to the factor that can be classified in failure, dissatisfaction and change in consumer needs. The
building project will pass in different stages and also in different stakeholders, so the necessary
amount of materials needed for the construction will be an uncertain parameter. Uncertainties in
the environmental product declaration (EPD) are also controlled by the same type of uncertainties
than for other industrial sectors: environmental database quality, technological variation between
materials’ production plant, distance of transportation, different methods used for the demolition of
materials etc. Due to these uncertainties and variability of database the results of LCA in building
sector are not robust and reliable. For the building sector two main problems require urgent
solutions: the minimisation of the environmental impacts and the minimisation of the uncertainties
of the database used for calculation.
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2. Methodology

A possible solution is the identification of materials that most influences the environmental perfor-
mances of building and identification of materials that most influences the uncertainties of the envi-
ronmental performance building.

To do so we have to perform the contribution analysis that consists the sensitivity and uncertainty
analysis. The purpose of sensitivity analysis is to identify and focus on key data and assumptions
that have most influence on a result. It can be used to simplify data collection and analysis without
compromising the robustness of a result or to identify crucial data that must be thoroughly investi-
gated. The minimisation of the inputs value with most contribution into a result will drastically mini-
mize the value of output. Parallel to sensitivity analysis is uncertainty analysis. The uncertainty
analysis is used for the identification of the inputs variables that most influence the uncertainties of
output result. The minimisation of the uncertainties of these inputs will drastically minimize the un-
certainties of output.

3. Study and results

The methodology described is applied in 16 houses with different structure typologies, located in
France. The environmental impact of each building material is based on values from the French
environmental products declaration (EPD) available in INIES database. The variability due to these
inputs variables comes from the fact that for the same material or elements there are different
EPDs supplied by different producers. In the case where different EPDs were available, the mean
and standard deviation is calculated, and in the case where only one EPD was available, it isn’t
consider any types of variability. The mean for the mass of material is considered that defined in
the project and the standard deviation is calculated using a ratio for the coefficient of variation
equal to 12% that corresponds approximately +30% of uncertainty about the mean value. The
mean and standard deviation for the number of use of material during the service life of building
are calculated using different references. The results of the sensitivity and uncertainty analysis are
presented for a decomposition of houses projects in building materials and elements.

4. Conclusions and perspectives

This paper is focused on the calculation of contribution of the building materials to the single
houses LCA, and the contribution of their uncertainties to the uncertainties of the single houses
LCA. To do so, the methodology used is based on sensitivity and uncertainty analysis which
identified the parameters having small contribution to the output and small contribution to the
uncertainty of output, the parameters having small contribution to the output and large contribution
to the uncertainty of output, the parameters having large contribution to the output and small
contribution to the uncertainty of the output and the parameters having large contribution to the
output and large contribution to the uncertainty. Previous studies have been working with Monte
Carlo techniques that are relatively computationally heavy to conduct and is time consuming. The
methodology is applied in 16 single houses for the global warming potential indicator. Four groups
of materials are identified for a cut off equal to 10%. This study can be useful for stakeholders, on
presenting the materials which affect the robustness of single houses LCA such is the plaster and
material that have most negative impact to the environment such is the rock wool. In this study we
have identified the four groups of materials, but further work is needed, in particular with the value
of cut off. Due to its value the classification of materials will change because its value can change
from a study to another.

A possible perspective of this study is the minimisation of the uncertainties of the materials in the
third and fourth group. Another is the research of factors that minimize the environmental
performances of materials of second and fourth group.
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Extended Abstract

The building stock is one of the most important energy consumers worldwide. Different building
stock models (BSM) have been developed in order to investigate the potentials of energy-
efficiency and changes in energy supply in the building stock. In this context and on behalf of the
city of Zurich a life cycle-based building stock model has been developed to assess the
greenhouse gas emissions as well as the primary energy reduction potential from the building
sector to achieve the so-called goals of the “2000 Watt and 1 ton CO2 per capita society” by the
year 2050 [1], [2]. However, building stock models often have important shortcomings since they
merely focus on the heating (and sometimes cooling and other electricity) energy demand in the
use phase, neglecting the "embodied energy” demand (called “grey energy” in the Swiss context)
of construction materials, building technologies and energy carriers. According to the target values
of the SIA Efficiency Path Energy (Merkblatt 2040) and the target values for 2000 Watt areas
(Guidelines) not only the operating energy has to be considered but also the "embodied energy" of
building materials in order to achieve the objectives of the 2000 Watt society.

The goal of the project described in this paper is to provide an estimation of the embodied energy
associated to the construction and renovation activities in the building park in the city of Zurich.
Calculations are based, both technically and in terms of model scenarios, on the parameters
chosen in the "Energy Concept 2050, the Zurich City" (EC 2050) [3]. For three scenarios (see
below) relevant construction and renovation activities have been quantified and an ecological
assessment has been carried out based on the underlying construction processes and associated
material flows. The results are presented as gray greenhouse gas emissions (GHG), gray non-
renewable primary energy demand (PEnr), total gray primary energy demand (PEtot) and gray
environmental impact points (UBP) (following the Swiss Ecological Scarcity concept). The term
"gray environmental impacts" is used in this report for the benefit of the reader-friendliness
representative for the four outcome indicators under consideration.

In this study, the following steps have been carried out:

* A quantification of the gray energy through new construction and renovation activities
differentiated by constructions elements in time from 2010 to 2050 for three scenario
variants.

1. A reference scenario (Ref. sc.) represents a moderate development of energy efficiency.

2. An efficiency scenario (Eff. Sc.) reflects a profound effect of strict policies promoting
high energy efficiency (electricity and heat) and the use of renewable energies in the
building stock.

3. An ecological efficiency scenario (Eco-eff. sc.) assumes along with improving energy
efficiency also increased diffusion of design and energetic refurbishment measurements
and building elements and construction materials with lower material intensity and a
lower content of gray environmental impacts (GHG, PE, UBP).
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* A comparison of the gray environmental impacts due to construction and renovation
activities compared to the cumulative energy demand (CED) for space heating, hot water
and electricity based applications.

* A discussion on the feasibility of the “routine integration” of the gray environmental impacts
into the BSM and the methodology of the temporal allocation of gray environmental impacts.
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Fig 1. Embodied energy in TJ/a for the reference scenario, (Life expectancy according to
TEP/Wallbaum)

The embodied energy in Zurich building stock by building new construction and renovation
cumulates to TJ 1’796 (Ref. sc., Fig 1.), TJ 2’270 (Eff. sc.) and TJ 2’304 (Eco-eff. sc.) in 2050. The
differentiation by construction element reveals interesting findings, for instance the high importance
of flat roofs, electrical appliances, heating distribution, air conditioning, sanitation and wall covering
that are often excluded in current environmental assessments. This findings need to be discussed
more in detail but obviously the considered life expectancy as well as the high environmental
factors of certain construction materials have a significant influence on the overall results. The
efficiency scenario leads to higher embodied energy values as the reference scenario mainly
because of the high material intensity of building envelopes of high energetic standards. Interesting
enough, the eco- efficiency sc. leads to the highest embodied energy values. This can be
explained by a much higher energetic standard that is assumed in both efficiency sc. and the
increased amount of wood that is considered in the Eco-eff. sc. Some wooden building elements
have a lower life expectancy than other construction materials and the currently used building
material specific embodied energy values, e.g. provided in the KBOB construction material- list,
seem to be too high.
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Short Summary

Three strategies are needed for the implementation of the ambitious 2000-Watt Society
sustainability programme: efficiency, consistency and sufficiency. The 'SIA Energy Efficiency Path'
[1] is an instrument that demonstrates that the set goals can be achieved by efficiency and the use
of renewable energy sources. Standard values are assumed for space consumption and user
behaviour. Fundamental information for sufficiency in the use of energy is still not available.
Sufficiency entails that demands be moderate and restrained. Although technical measures are the
most important factors in the field of efficiency and consistency, man and his attitudes and actions
are the central point for sufficiency. In this study, the fundamentals for quantifying the sufficiency
potential of residential activities will be developed. In this case, we assume moderate sufficiency.

The most important parameters are living space, user behaviour (warm water consumption,
electrical devices) and day-to-day mobility (distance, method of transport). The potential for
sufficiency is surprisingly high: compared with today's typical behaviour, moderate sufficiency
attitudes could almost halve both primary energy consumption and greenhouse gas emissions.

Keywords: sufficiency, eco-sufficiency, residential buildings, rebound effect, user behaviour, living
space, 2000-Watt Society, SIA Energy Efficiency Path

1. Context and Scope

In Switzerland the energy demands of new buildings by square metre have fallen sharply owing to
advanced standards and regulations, and even the renewal rate of existing buildings is increasing
slowly. In parallel, however, in the field of buildings, a significant part of the gains in efficiency is
offset by elevated consumption. The living space per person is rising continuously, which has a
negative effect on total energy consumption and the emissions of greenhouse gases. Starting from
the assumption that this trend will continue in the future, it is at least questionable whether the
turnaround in energy policy with new technologies and efficiency measures alone is possible.
Although the parameters and the influence of different measures are well known in the area of en-
ergy efficiency, the basics are still missing in the area of sufficiency.

In this study, the potential for reducing primary energy and greenhouse gas emissions should be
demonstrated; these can be determined by measures of sufficiency and which actors are respon-
sible for them. New construction and refurbishment of residential buildings are considered.
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2. Results

The potential for the reduction of primary energy consumption and greenhouse gas emissions by
moderate sufficiency behaviour is considerable. If the identified sufficiency areas—variable living
space per person, variable user behaviour during operation and mobility—are superimposed, the
result is a considerable sufficiency potential:

Even in an efficient building with equipment of the best efficiency rating and energy-efficient cars,
moderate sufficiency can reduce primary energy consumption and greenhouse gas emissions by
approximately 50%.
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Fig. 4: Greenhouse gas emissions per person with variable living space per person and variable
user behaviour in operation and mobility for a refurbished living space in the core of a city with
good public transport access and an efficient building with efficient operating facilities, equipment
and vehicle fleet.

3. Discussion / Perspectives

This study [2] has been able to describe moderate sufficiency behaviour for residential buildings
and to quantify the different reduction potentials between primary energy and greenhouse gas
emissions. This represents an important step towards an objectification of the discussion about
sufficiency and its necessary extent. It also allows for an appreciation of the already planned and
implemented steps building owners and administrations are taking towards sufficiency. Finally, the
study allows users to compare their own behaviour with that of a typical household, a moderately
sufficient household and a lavish household.
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Extended Abstract

The extent of construction activity in Asia is at once both fascinating and terrifying. The demand for
living space in the metropolitan centres has brought a construction boom for high-rise apartment
buildings on a scale never seen before. In the conurbations of e. g. South Western China (among
others Pearl River Delta, Hainan) there is also a damp subtropical climate. Inside the buildings the
wish is for a pleasant living climate with 50% relative humidity and temperatures of 22 degrees
Celsius. Out of doors humidity and temperature levels are virtually double this. As a result air con-
ditioning is in general use for regulating the indoor climate of apartments. These electrical units
with their exhaust air not only heat up further the urban spaces, which are already overheated with
their sealed surfaces (40% of the air conditioning energy is given off as heat), but they need three
times more energy for cooling and the achievement of a comfortable indoor temperature than is
needed by a heating system for comfort in cold climatic regions. “Most tropical high-rise housing in
developing countries replicate cold-climate models, with sealed facades and total reliance on air-
conditioning and mechanical Ventilation.” [1]

The 150 million inhabitants of the South Western China coastal region need yearly 3.000 Mega
kWh input of energy [2] to keep their homes cool. According to forecasts, Chinese cities can expect
to see annual growth rates in future of a million people a year flowing in from the rural areas . Not
only will the urban population grow, but the energy needed for cooling is set to virtually double by
2050 [3]. This growth forecast represents a massive climate and energy challenge.

Is it possible to entirely abolish energy-consuming air conditioning systems and simultaneously
maintain a high living quality, a comfortable atmosphere and sufficient natural light in a high density
living environment? To find answers to this question, the paper will use 3 completed case studies:
“The MET” residential high-riser in Bangkok designed by WOHA Architects Singapore,

the “URBAN TULOU” in Guangzhou designed by URBANUS Architects China and the traditional
400 years old Tulou in the Fujian Region in China. The possibilities of abolishing a/c, will appear in
building analyses, interviews with experts and conclusions from detected (measured) acoustic dec-
ibel, temperature, thermal mass and wind speed. The substantial questions are: Which existing
knowledge and which architectural strategies must be combined and modified to create the optimal
system in respect to building energy consumption and low carbon sustainability? What is their im-
pact in terms of architectural design? How will these conditions influence the building typologies,
floor plans and detailed openings in housing construction? The paper will clarify the challenges in
the design processes to realize those typologies, facade structures and opening details in tropical
and subtropical conditions.
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Fig. 1. Integration of Community Decks the MET, Fig.2. Weather Bangkok, Fig. 3. Integration of
Greenery the MET, © WOHA Pte Ltd and Dr. Nirmal Kishnani (1,2,3)

Natural ventilation enables a renunciation of air conditioning. This requires a closer investigation of
the following three levels of the building:
1. The specific porous building and facade structure of the residential buildings.
2. The floor plan configuration, which must facilitate cross ventilation.
3. The openings must meet numerous requirements and comply with external influences.
The problematizing standards of the openings can be added up to within one window. However,
this requires openings that meet all these needs simultaneously. The requirements of noise, air
filtering, opening cross-section, as well as sun and rain protection must therefore be equally
achieved upon this single opening.
The idea of returning to the passive natural air conditioning is currently difficult to implement
among tropical and subtropical cities. The electricity prices are low, facilitating a relatively afforda-
ble operation of the refrigeration systems. Air conditionings are easy to get and easy to install.
Mostly these are assembled already in advance by the client or operator of the building, since this
adds up to the expectations of the patronage.
Mistakenly, the air conditioning seems to present the only assumable answer to the external
factors of heat, humidity, noise, and air pollution. The air conditioning is a deeply-rooted standard
that meets the need of comfort in a self-evident and simple manner. Surprisingly, the floor plan
conceptualizations and openings of older residential properties in hot and humid regions contain
functioning cross ventilations without air conditioning. The invention of the decentralised air
conditioning has changed the types of housing in the last 50 years thoroughly. We need to focus
on and prove the assumption that the adaptation and reinterpretation of traditional housing
typologies for new residential buildings aspires to a realization of the living comfort in a sustainable
way. The shown Case Studies had become pioneer projects in its own right, representing
architectural innovation in tropical and subtropical regions.
References
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Short Summary

The Recast of the Directive on the Energy Performance of Buildings (the EPB Directive) came into
force on 9 June 2010. EU member states should until 9 June 2012, publish the relevant laws and
administrative regulations necessary to implement its provisions. European regulatory efforts
towards increasing energy efficiency of buildings are focusing on a comparative methodology
framework for calculating cost-optimal levels of minimum energy performance requirements for
buildings and building elements. Such requirements should be the first step into low or zero energy
buildings.

In this paper the consideration on different indicators for requirements of low energy and nearly
zero energy buildings are presented. The scope of the paper is to show that none of the buildings
system (like hybrid or natural ventilation) can be excluded from using in such buildings. This
conclusion is crucial for integrated energy design process as designer should not be limited to
specific number of systems solutions.

Keywords:Low energy buildings; energy criteria; LCC

1. Introduction

Directive 31/2010/EU [1] requires the introduction of nearly zero-energy buildings but does not
specify a minimum or maximum harmonized requirements and detailed guidance framework
procedure for calculating the energy performance of building. Member states have to define what
that means exactly for them.

The requirements for nearly zero energy building consist of several specific requirements. These
include primary energy and useful energy, as well as the tightness of the building and in the case
of non-residential buildings useful energy for cooling. Each indicator adopted for the requirements
has its advantages and disadvantages, which should be know when deciding to choice it. Poland
in the proposal of the new requirements for buildings plans to introduce partial requirements and
primary energy requirements.

In the paper the calculation of three systems are presented (natural ventilation, DCV ventilation
and mechanical ventilation with heat recovery). It was shown that, the choice of indicator for
requirements should include not only the useful energy (heat), but also electricity (heater) and
other non-energy operating costs (filters). The correct ratio is multi-dimensional, and its range
depends on the used assumptions.
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2. The paradox of useful energy ratio - case study

In order to show the paradox of using in the requirements the useful energy the calculation of the
energy demand for ventilation in the single family house were provided. Natural ventilation is
unpredictable and in many situations is not working. Demand controlled ventilation (DCV)
eliminates the disadvantages of natural ventilation, making it works regardless of weather
conditions, and also by the ability to control ventilation can adjust the air flow in each room to the
needs of users. In the paper the comparison of energy demand for mechanical ventilation with heat
recovery and DCV ventilation is given.

The results of primary energy and total operation cost of mechanical ventilation with heat recovery
are presented in Table 1 and in Table 2 the similar data are presented for DCV ventilation.

Table 1: The primary energy and total operation cost of mechanical ventilation with heat recovery

Parameter Heat Electricity Total
Primary energy

[KWh/a] 1.1*1616 3*1314 5720
Cost [PLN/a] 1616*0.20 1314*0.54 1032.76

Table 2: The primary energy and total operation cost of DCV ventilation

Parameter Heat Electricity Total
Primary energy * .

[kWh/a] 1.1*4902 3*88 5655
Cost [PLN/a] 4902*0.20 88*0.54 1027.92

The presented analysis of energy demand of different ventilation systems done on the basis of
existing legislation and the given assumptions indicates a significant disadvantage for determining
energy standard of buildings in units of useful energy. Forcing investors to use mechanical
ventilation leads to some savings during heating period, but that decision has consequences
related to the consumption of electricity during whole year. The estimation of the operation cost of
mechanical ventilation does not include: the cost of filters replacement and electricity consumption
of the heater to defrost the heat exchanger or to heat the inlet air. This is important in the case of
high-performance heat exchangers (eg 85% such as that above).

3. Conclusions

On the basis of the considerations, the choice of indicator for requirements should include not only
the useful energy (heat), but also electricity (heater) and other non-energy operating costs (filters).
The correct ratio is multi-dimensional, and its range depends on the used assumptions.

As it was presented in the analysis the total primary energy demand can be higher for systems
with lower energy demand for heating (DCV ventilation vs. mechanical ventilation with heat
recovery). In some cases the additional energy demand for electricity for fan can provide higher
primary energy demand for whole building. Also the operational cost are higher in the case of
mechanical ventilation with heat recovery. It must be stated that in the cost calculation only energy
cost were taken into account.

The given consideration shows that the estimation of energy requirement can not be done using
only one indicator eg.: useful, final or primary energy. Such approch may leads to excluding some
systems that can be other than recomended.

Part of the work presented in this paper has been done under the IEE/11/989/SI12.615952 project
called MaTrID (Market Transformation Towards Nearly Zero Energy Buildings Through Widespread
Use of Integrated Energy Design).
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Abstract
Purpose

A set of four buildings, consisting of different types of construction, is being analysed in a Life
Cycle Assessment (LCA). The aim of this study is to address one essential challenge in LCAs of
buildings, namely the presentation of the LCA results in a way that clearly provides valuable
information for the architect, with regard to which building elements are the main contributors to the
overall embodied carbon emissions of a building over its entire lifetime

Approach

The results are presented by virtually “cutting” the buildings in two different ways, focusing not only
on the building as a whole, incorporating all its various materials, but also on the individual impact
of each building element (floor, ceilings, external walls, etc.) on the one hand, and on the impact of
a predefined standard enclosed floor space (e.g. basement space, typical floor space, roof space)
on the other.

The first virtual cutting approach aims at breaking down the total kg CO.,eq of each building to the
functional unit of 1 m? of general floor space (in this case the energy reference area) for 1 year of
the building’s lifetime. This approach is commonly utilized for LCAs of buildings and facilitates a
general comparison of the four buildings by levelling out the huge differences in building sizes. It is,
however, not the best way of showing clearly where exactly the main contributors to the final result
are situated within the building. When looking at a building from an architect’s point of view, there is
no such thing as a general 1 m?of floor space to which the overall building emission results could
be meaningfully allocated. Instead, each storey has its individual contributors to the final result.
The floor element, for instance, only contributes to the lowest building storey, while the roof
element normally only covers the top storey. Furthermore, the exterior door is usually on ground
floor level, while external and internal walls are found on all storeys.

The second approach aims at systematically defining four typical storeys within a building
(basement, ground floor, upper floor and loft) by their specific characteristics. The carbon
emissions are then calculated for 1 m2 of this specific floor space and 1 year of the building’s
lifetime. The objective of this second approach is to clarify the interrelations of the different
individual parts of the buildings within their overall functional context, while at the same time
allowing for a meaningful presentation and interpretation of their respective impacts with regard to
embodied carbon emissions.
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Fig. 1 Schematic view of the floor space characterisations for the virtual cutting approach 2
Findings

Different perspectives and levels of detail are covered in the critical impact evaluation of each
building, giving a thorough and comprehensible answer to the question of where its embodied CO,
is primarily located. While the first functional unit can be used in order to get a broad view of the
embodied carbon emissions of the various building elements of the whole building, the second
functional unit facilitates a more sophisticated allocation of the results, with regard to the
anticipated location of the most relevant elements per storey. It can be observed that the second
virtual cutting approach shows fewer individual differences and a more generic distribution of the
carbon emission results of the four buildings compared with the results of the first cutting approach.
Furthermore, using the second approach, the embodied emissions of an average square metre of
basement, ground floor, upper floor and loft with a minimum and maximum deviation from the
mean value can be determined. As the buildings within the depicted set exhibit a high level of
variety with regard to their construction types and the embodied carbon emissions of their
individual building elements, the rather high degree of homogeneity of the results as displayed by
the second virtual cutting approach is especially remarkable.

Originality / value

It was demonstrated that by schematically cutting the buildings on the basis of only a few simple
conceptual assumptions about the specifications of each storey, a consistent comparison of a set
of diverse buildings is feasible, and that quite similar results can be generated from the direct
comparison of the same storey of the various buildings. Furthermore, determining the impact of a
standard storey of basement, ground floor, upper floor and loft can help architects and planners to
quickly evaluate the performance of their building design by using these values as benchmarks,
enabling them to localize which storey and which building elements bear the highest optimization
potential for their specific project.

Keywords: buildings; carbon emissions; different types of construction; different perspectives
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Short Summary

Zero Carbon in the building industry is a goal that can be reached by focusing on energy- and
resource-efficient solutions and by utilising renewable resources both for building materials and
energy supply. The project Zero Carbon Village has developed solutions in three strands of
development and is planning to implement them in a residential settlement:

1. Efficient modular prefabrication of building and service modules in a virtual factory
2. Highly energy-efficient and sustainable building materials (straw bales)
3. Energy self-sufficiency: buildings shall be supplied with renewable thermal energy

Keywords: Renewable building materials; renewable energy; life cycle analysis; life cycle design;
sustainable systems for buildings

1. Introduction

A relatively large percentage of energy and resource consumption occurs in the building sector [1].
This concerns production of building materials, construction of buildings and also energy
consumption within the buildings. These problems can be tackled by efficient prefabrication,
sustainable building materials and an energy concept based on renewable energy sources.

2. Modular Prefabrication

In the field of industrial prefabrication, manufacturing processes of building components and
modules are standardised so that the finished parts are aligned to each other. Therefore the
construction time on the building site can be shortened, material waste reduced and assembly
faults avoided. Continuation of modularisation should encompass the manufacturing of compatible
elements for building envelope, housing technology as well as appliances.

2.1 Virtual factory
In the concept of virtual factory single elements or building parts are produced in a decentralised

way by a network of SMEs (small and medium enterprises) around the key trades builder/carpenter.
Logistics and marketing on the other hand are performed by a central umbrella organisation to
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increase efficiency and competitiveness. Individual enterprises thus can continue to work in their
own domain and region, but realise major projects together with the other partners.

3. Sustainable Building Materials

Highly energy-efficient and sustainable building materials based on renewable resources, such as
straw bales, have been proven to be functional, and show a very low primary energy demand (PEI)
and positive effect for the CO, balance of the building [2;3;4]. With the Austrian Technical Approval
(OTZ) in 2010, the functionality of straw bales as an insulation material has been certified [5].
There are several variants for wall construction using wood and straw as construction materials. A
first variant consists of whole modules which have been prefabricated and filled with insulation
material in the factory. A second option is to prefabricate individual elements and then let SMEs of
the virtual factory assemble them on the construction site. Disposal of materials, renewable or non-
renewable, should always be the last option (cascades-principle).

4. Energy self-sufficiency

In conventional energy systems in households, most appliances are operated by electricity
although they actually provide thermal energy services. In contrast to this, in the Zero Carbon
Village all thermal appliances like washing mashine, refrigerator or dishwasher are operated by
thermal energy, thus reducing consumption of electrical energy by up to 80% compared to the
median consumption of Austrian households [6]. Photovoltaic panels and thermal solar collectors
are foreseen to cover the electric and thermal energy demand. However, due to imbalanced
radiation over the year, especially in winter, a biomass back-up system is necessary to cover the
thermal energy demand, using e.g. logs or wood pellets. Technologies for the production of both
thermal and electrical energy, such as micro-CHPs, are an optimal supplement for solar collectors
and photovoltaic systems in winter seasons.

5. Discussion and conclusion

The three strands: modular prefabrication, sustainable building materials, and energy self-
sufficiency, each show high potential for reducing primary energy demand. For implementation and
further replication on a larger scale, they have to be combined while taking into account urban
development aspects. Building density, number of stories, A/V (surface areal/volume) ratio and
building orientation are factors that influence the heating energy demand and which are relevant
for integration into the urban environment.
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1. Introduction

This paper is based on the findings of the European €CO2 project and its Austrian part
EcoTimber. Both projects focus on defining the carbon footprint and primary energy balances
of wooden products and houses during their full life cycle. The project consortium consists of
20 participating research organisations and companies from Finland, Sweden, Germany,
Italy and Austria. The €CO2 project started in November 2010 and ended in March 2013,
while EcoTimber will finish in September 2013 [1].

2. Methodological considerations

Life cycle assessment (LCA) concentrated on three environmental impact categories, namely
greenhouse gas emissions, carbon storage and primary energy. LCA of construction works
can be carried out on two levels: product level and building level. The project covered LCAs
for wood products and buildings. Life cycle phases were defined and represented according
to EN 15804 and EN 15978 [2, 3]. Generic and specific data for materials and processes
have been combined. Methodological discussions within the project aimed at the definition of
functional units, allocation, service life of products, building elements and whole buildings,
system boundaries, energy supply, carbon storage in building elements and consideration of
substitution and end-of-life scenarios (see e.g. [4]). A book published on the results of the
project provides detailed information on each of these issues.*

3. Life cycle analysis on product and building level

For the following products life cycle inventory data was collected: Cross laminated timber
(CLT), windows, doors, internal doors, glued laminated timber (GLULAM), wooden floors,
solid wood boards and cellulose fibre. Data for production of these products was collected
directly from manufacturers by questionnaires and plant visits. The LCA calculations were
carried out using Simapro LCA software and Ecoinvent database.

Case studies on building LCAs were carried out in all participating countries. The production
phase Al-3 and an observation period of 50 years were considered by all partners. The aim
of the Austrian case studies was to analyse primary energy input and CO,-emissions over

! The book was not yet published at the time this paper was facilitated. Information on this publication will be
available from the project website and directly from the authors.
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the life cycle of very energy efficient residential buildings (Passive Houses and Nearly Zero
Energy Buildings — NZEB). Three existing wooden buildings, one multi-storey building (MFB),
one row house (RH) and one single family house (SFH) have been chosen for this analysis.
The buildings are supplied by different heating systems. For all three buildings different
parameters have been modified to analyse the effect on the LCA results. Variations include
different construction and energy supply systems, building concepts and service life. The
figure shows an example for the assessment results: a comparison of the carbon footprint
per phases of life cycle for the three case study buildings.
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4. Conclusions

The following lessons have been learned from the Austrian LCA building case studies:

Energy recovery from wooden residues can be a remarkable benefit for choosing
wood for construction material. Nevertheless methodological discussions on how to
balance these benefits (e.g. on substitution of fossil fuels) and on how to account for
the temporal carbon storage effect of buildings should not be neglected.

Generally, massive wood construction systems result into largest amounts of residues
and bio-energy potential.

High density architecture is more energy and carbon efficient than single family
houses. Wood constructions in the multi-storey buildings should therefore be
increased. Further research covering non-residential buildings would be beneficial.
There will be a shift in the lifecycle carbon efficiency of buildings from use phase to
production phase. This is because buildings require less energy for their operation.
Including all building service installations with their ancillary materials may be very
time-consuming and include large uncertainties. Further research is necessary to
better cover the environmental impacts of building service installations.
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Short Summary

The purpose of this study is to investigate environmental impact for construction process of wood-
based building. Detailed data collection from construction work is conducted on three multi-story
wooden buildings. Greenhouse gas (GHG) emission value is calculated for production stage
(material production and construction) and operation stage of the buildings, and a ratio of the
emission from construction process is observed. The results present that construction phase holds
about 20-30% of GHG emission in the production stage. In addition, it is shown that material
production phase, construction phase and operation phase of the buildings account for
approximately 16-35%, 6-10% and 55-78% of the total GHG emission, respectively. Based on the
results, feature of the impact for wood-based construction and an issue regarding the data
collection are discussed. This study demonstrates a relevance of construction process in a life
cycle assessment of buildings.

Keywords:Life cycle assessment, Building construction, Wood-based building, Greenhouse gas
emission

1. Objective

Recently some researches have indicated that construction process should not be underestimated
in a life cycle assessment (LCA) of a building [1-4]. The objective of this study is to review envi-
ronmental impact of construction process. Detailed data collection from construction process of
reference buildings is conducted.

2. Methodology

Greenhouse gas (GHG) emission value for material production, construction, and use phase of
three multi-story wood-based residential buildings are assessed, and a ratio of the emission from
construction process is observed. According to normative standard EN15978 [5], the studied life
cycle phases are defined as module Al-3, A4-5 and B6, respectively. All calculations are
conducted with Ecoinvent database V2.2. [6]. Functional unit is one m? of living area.

3. Results and Discussion
Figure 1 shows GHG emission for the module A and B6 for the three reference buildings. The

module Al-3, A4-5 and B6 account for 16-35%, 6-10% and 55-78% of the total GHG emission,
respectively. It is remarkable that the construction stage holds up to 10% of the total sorely.
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Fig. 1: GHG emission for the module A1-3, A4-5 and B6 (kgCO,-eq./m°)

Naturally the share is increasing for the building with lower operational energy demand. This result
will change when other life cycle phases are included in the assessment to some extent. However,
the ratio of the module A will also increase when the excluded construction materials and works
(e.g. foundation and building services) are incorporated. Since the reference buildings are not high
energy standard building, this result deserved to consider further.

4. Conclusion

GHG emission for the product, construction and use stage of the three reference wood-based
buildings are assessed. The results show that the construction stage has relevant impact and
especially transportation process is significant to mitigate GHG emission from the process.

Although an optimization of the construction phase may not have critical effect on overall life cycle
impact of a building, it would have a major impact at an industrial (aggregated) level. The
environmental impact of the process should be known to enable to optimize it for constructors and
designers. Further study is required in order to collect sufficient samples and pile up the
experience in order to set a practicable and reliable assessment method for the construction stage.
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Abstract

In consideration of sustainable buildings, closing life cycle loops becomes more and more
important. Up to now reuse and recycling is taken rarely into account in building processes. With
rising consumption of wood for energetic use recycling of material becomes more important.

Up to now there are various studies in EU market ([1], [2], [3]), which quantify the usage of wood in
market shares. Explicit calculations on recycling of wooden material in the building sector have not
yet been done. In general the demand for reclaimed wood products in the building sector will rise
due to the fact that the thermal use of wood is the last option in the cascade of use. The preferred
option has to be the reuse and the recycling of reclaimed wood. On this option the refinement of
reclaimed wood for innovative products as well as the broadening and enhancement of the
cascades of reuse and recycling is strongly needed for the timber construction industry. Long-term
and resource efficient use of wood from premium quality (like laminated wood, plywood, timber
frame construction) is necessary to ensure sustainable construction with wood. In the process of
planning new wooden construction the dismantling and reuse / recycling of the products has to be
considered too.

This article also shows different recycling scenarios for waste wood management due to the
contamination problem of particular fractions. The different waste wood fractions in strength, scale
and size will tolerate certain processing options with an emerging range of recycling products.
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Fig. 2: residues from wood production in different phases of lifecycle

Aim is a realistic estimation of theoretical scenarios for end of life and their influence on planning
processes as well as the influence on life cycle assessment according to EN 15978. In this paper
outcomes of the woodwisdom-net research project ECO2— wood in carbon efficient construction —
as well as calculations on wood consumption of wide-span timber structures and investigated case
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studies on a very detailed level are brought together to show the state of art and theories to
improve resource efficient usage of wood. In another approach the total demolition of an old
wooden house in the Alps was evaluated. It is a typical example for a long-used construction with
numerous repair intervals, changes, and additions. This leads to a wide variety of fractions and
often to a contamination of wood from preservatives. The fractions of the demolished house mainly
consist of small bits and pieces dedicated to different recycling options than wide span structures.
The different waste wood fractions in strength, scale, and size will tolerate certain processing
options with an emerging range of recycling products.

A better management of its renewable resources supports the material supply of the wood sector
to ensure a long-term availability of solid wood products at reasonable prices. This will allow
preservation and also gain market shares now and in the future.

Keywords: Life cycle; end of life; reuse; recycling; timber structures; ECO2-project
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Short Summary

Thermal comfort and indoor air conditions have been studied in model passive house office spaces
comparing several heating, cooling and ventilation concepts. Thermal building simulation and
computational fluid dynamics (CFD) simulations have been coupled to building and system
simulation.
Results indicate that
» regulation of heating and cooling ceilings and floors require considerable heating/cooling
capacities in passive house office conditions
« displacement ventilation gives leeway to decreasing ventilation volumina below the level
assumed for mixed ventilation

Keywords:Passive house building standard; office buildings; displacement ventilation; surface
cooling/heating.

Introduction

Thermal and hygienic comfort problems and increased energy consumption may occur in office
spaces built according to the passive house building standard. Systematic studies on appropriate
parameter combinations for office space design have therefore been the aim of a major project [1,
2, 3, 4]. From a follow-up study this contribution selects two topics
* regulation strategies for heating and cooling ceilings and floors
« potential of displacement ventilation for decreasing ventilation volumina below the level
assumed for mixed ventilation

Methodology

Thermal comfort has been assessed according to ISO EN 7730. Air quality has been estimated
according to EN 13779:2008 as CO, concentration of indoor air with classes IDA 1 to 4 referring to
CO;, concentrations ranging from < 800 ppm to < 1900 ppm CO.,. Using model spaces, several
heating cooling and ventilation concepts have been studied. Systems compared include thermally
activated ceilings, plaster ceiling cooling/heating, suspended overhead cooling/heating panels, and
underfloor cooling/heating — differing in their levels of thermal inertness resp. in cooling/heating
capacities.
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Fig 1. Model office space showing 3 seated persons, furniture and isosurfaces of air exchange in-
dex.

Building and system simulations are carried out by TRNSYS-TUD [1, 2]. For the transient,
nonisothermal and turbulent indoor airflow simulation, the Finite Element Computational Fluid
Dynamics (CFD) code ParalleINS is applied [3]. Both programs are coupled via PVM (Parallel
Virtual Machine [4]) to a calculation system.

Results, discussion

Passive house office conditions are characterised by low heat losses but high heat gains from
occupants, electrical equipment and lighting. Such heat gains develop quickly in the morning, vary
with varying room occupation and thus disapear in the late afternoon. Quick responses by heating
and cooling facilities are required to achieve constant — and avoid rising — temperature levels
during the day.

Lowering ventilation rates by 15 % (center) still ensures lower CO, concentration at 0.6 m height
than in the case of mixed ventilation at standard ventilation rates. Lower ventilations rates are
especially welcome in winter conditions when low relative humidity of indoor air tends to cause
comfort problems in passive house environments [1, 3].
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Sustainability in Competitions:
New German Federal System to verify the Qualities of Sustainability in
Planning Competitions (SNAP)

Short Summary

With the establishment of sustainability requirements for public buildings as well as buildings in the
private sector new demands on planners and the planning processes in Germany have arisen.
These new quality requirements have to be integrated in architectural competitions. Therefore the
new instrument “Classification for Sustainability Requirements in Planning Competitions” (SNAP)
has been developed.
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Extented Abstract

With the establishment of sustainability requirements for public buildings as well as buildings in the
private sector new demands on planners and the planning processes in Germany have arisen.

For example, with the introduction of the new “Guideline for Sustainable Building” [1] and the
“Assessment System for Sustainable Building” (BNB) [2] for federal construction measures in May
2012, the higher quality standard "Silver acc. to BNB" has to be adhered for all new office
buildings. Similar higher quality requirements could also soon be defined for renovation measures
in office buildings or for new schools or laboratory buildings for the public sector. In addition there
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is a steadily growing demand from private investors and developers for certain categories of
buildings for building certifications.

Concerning the planning processes we have thereby to ask ourselves how these new quality
requirements on buildings can be integrated in established competition proceedings. For this
purpose, an international research project was carried out commissioned by the Federal Ministry of
Transport Building and Urban Development (BMVBS) under the title "sustainability requirements in
competition proceedings". The practical results are now available as follows:

BMVBS publication "Classification for Sustainability Requirements in _Architectural
Competitions” (SNAP)

This brochure summarizes for all parties — competition organisers, participating planners,
jurors, coordinators, experts - the key recommendations of the “Classification for
Sustainability Requirements in Planning Competitions” (SNAP).

Excel tool for the assessment of sustainability gualities in competition entries
With its simple and user-friendly menu system assessments on the following aspects of
sustainability can be carried out:

functionality
(infrastructure provision; public accessibility; disabled access; communication-
promoting areas and spaces)

comfort and health
(safety; sound insulation; daylight; indoor climate)

economy
(floor space efficiency; flexibility of use; life-cycle costs)

resources and energy
(sealing of land; building materials; energy demand; covering energy demand)

User instructions for SNAP instrument
The structure and operation of the Excel tool are explained in detail in this brochure.

comprehensive final report with an explanation of the methodology and documentation of
the discussion in the accompanying expert panel

With the SNAP instrument we now have since January 2013 a new instrument at our disposal. On
the one hand SNAP deals with the complex holistic demands of sustainable building in the context
of planning competitions, but on the other hand it can be applied practically and without a large
investment of time for all parties involved, so that the acceptance of the actors in competitions is
ensured.

[1] FEDERAL MINISTRY OF TRANSPORT, BUILDING AND URBAN DEVELOPMENT (BMVBS)
“Guideline Sustainable Building”, BMVBS Berlin, 2013, http://www.nachhaltigesbauen.de/

[2] FEDERAL MINISTRY OF TRANSPORT, BUILDING AND URBAN DEVELOPMENT (BMVBS)
“Assessment System for Sustainable Building” (BNB), http://www.nachhaltigesbauen.de/
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Summary

Assessing buildings’ contribution to sustainable development requires taking into account
economic performance aspects as well. Therefore, it is being discussed on a national, European
and international level how economic performance aspects can be integrated into sustainability
assessments of buildings and which criteria and indicators are appropriate in this regard. The
present paper critically examines the current state of respective standardisation activities,
assessment practice as well as possible criteria and indicators. In addition, the paper highlights
and discusses open questions and problems which are associated with the attempt of evaluating
the economic performance of buildings within the context of sustainability assessments.

Keywords:sustainable buildings, economic performance, valuation, cost, economic value, risk

1. Introduction

In contrast to the assessment of environmental- and health-related aspects, the evaluation of
economic performance aspects within the context of sustainability assessments of buildings does
not yet have a history of decades of experiences. This discussion is just beginning. As a conse-
guence, within existing systems and tools for assessing and certifying the sustainability of buildings,
economic performance aspects are only partly taken into account.

The aim of the present paper therefore lies in examining and discussing fundamental questions
relating to the description and assessment of a building’s economic performance, to possible
criteria and indicators as well as to scopes of action and possible solutions. Particularly, the
following questions are addressed within the present paper:

=  Which overall areas and goals of protection lend themselves for deducing economic per-
formance requirements?

= What is an appropriate perspective for assessing economic performance aspects — a so-
cietal perspective and/or the perspective of individual actors and market participants such
as owners, tenants, banks, investors, public authorities, etc.?

» What are the differences and commonalities between a specific economic appraisal tailored
to the needs of one single actor and a broader, generic assessment of a building’s econom-
ic performance?

= What are key areas of concern/interest and how can these be reflected through criteria and
partial indicators?

= |f one accepts the proposition that economic performance aspects are already (or to be
more precise: should be) an integral part of sustainability assessments, how is it then poss-
ible to evaluate interrelationships and interdependencies between a building’s degree of
sustainability and its economic value? Is there a loop and/or a circular argument?

= What are the interrelationships between the formerly distinct disciplines of sustainability
assessments of buildings and property valuation?
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2. Economic performance criteria and indicators

The following Figure 1 summarizes possible criteria/indicators which are critically discussed in the
present paper and which could be used for evaluating economic performance aspects of buildings
within the context of sustainability assessments.

Figure 1: Economic performance criteria / indicators along the building life cycle
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3. Summary

This paper shows that any attempt to evaluate economic performance aspects of buildings within
the scope of sustainability assessments reveals a range of unsolved questions and problems
which have not yet been sufficiently discussed within national and international research communi-
ties. The authors’ attempt was not to solve these questions and problems but to highlight them in
order to stimulate scientific discussion and debate on these important issues.

The paper has also revealed that two formerly distinct disciplines (i.e. sustainability assessment of
buildings and property valuation) are now converging and rely heavily on each other. On the one
hand, sustainability assessments of buildings increasingly rely on concepts (Market Value) and
methods (income/investment valuation method) originally developed by the valuation profession in
order to be able to appropriately describe and asses the economic performance of buildings. On
the other hand, the valuation profession increasingly relies on sustainability related information in
order to be able to appropriately estimate the economic value of buildings. As such, it appears
advisable for both disciplines not to attempt to “reinvent the wheel” but to rely on and make clear
reference to the terminology, standards, norms, and definitions which have already been devel-
oped and applied within the respective other discipline. This requires dialogue and cooperation
between the key representatives and professional bodies of these disciplines.
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Abstract

Today sustainability has gained a growing acceptance in the building sector and is seen as a
trendsetting part of buildings. On the other hand building processes up until now have (still only)
been evaluated through differences in price and marked by the handling of failures and
insufficiencies in the construction and erection of buildings. Positive effects of better building
guality have not been widely identified.

This paper examines the interaction between and the impact of aspects of sustainability and the
criteria of quality in buildings through a sensitivity model and evaluates it through case studies.
Firstly the elastic terms of quality in the building context and sustainability are discussed. A
sensitivity analysis is produced in order to work out the importance of each aspect and to show
their various interactions.

Therefore twenty variables are deduced from the firm establishment of the terms, which matter
most for this topic. They constitute the set of variables for a sensitivity analysis from Vester. With
the sensitivity analysis an impact matrix and an effect system are elaborated to emphasise the
critical variables for the processes and variables which matter most.

On these results and for closer inspection of the correlations, sustainable buildings, which are
recognised as exemplary representatives, are examined to identify the underlying principals.
Processes behind planning and erection of each building were observed critically. The results of
the building analysis are then contrasted with the results of the (previous) sensitivity analysis.

An effect system for the creation of sustainable buildings is developed as a cybernetic model. In
this model it is outlined which prerequisites are required to develop sustainable buildings.

Aspects, which generate high impact for the whole system, are emphasised and starting points for
improvements elaborated.

hight of environmental impact hight of material consumption
=l
\
' J h

quality control during buildin
‘ ! i
|

I\ implementation integral planm]

Fig. 1: effect system of interactions between sustainability and quality in buildings
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Through the cybernetic model many interactions between sustainability and quality in buildings are
shown. True sustainable buildings can only evolve from stronger interactions between the separate
disciplines. The first step is to understand the interdependencies and interactions between the
variables and then to develop the main factors so that the system changes with the lowest input.

In reaching sustainable buildings, design with its complex dependencies has to regain a central
position. Client behaviour as well as quality of construction work on site are also fundamental.
Motivation of planners and builders and communication between them is highly important.

More training for all parts of the building sector in these issues is necessary. A honest culture of
teamwork for the best result rather than only the economic success is fundamental.

Keywords:sustainability; quality in buildings; sensitivity analysis; interaction
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Short Summary

The object of this paper is to present a method to include aspects of sustainability in the various
stages of project development and the processes involved in real estate development. To that end,
the criteria for the certification of office and administrative buildings according to the Austrian
Society for Sustainable Real Estate (OGNI) are analyzed and their influence is examined. Then an
analysis of an ideal development process is carried out to see whether sustainability criteria can be
implemented and the temporal and causal correlation between sustainability certification and
project development processes are described using a matrix. As a result the authors have adapted
the project development process to include all aspects necessary in their opinion for the
sustainability certification of office and administrative buildings according to OGNI / DGNB
standards.

Keywords: Project development, project development process, sustainability, OGNI, certification
systems, real estate industry

Extended Abstract

The concept of sustainability and the challenges it involves for us and future generations has be-
come more and more important in recent years. As a result, "sustainability" has become a mega-
trend. Megatrends can be defined as tendencies in society and business that have an impact on
the lives and the economy of future generations. Therefore it is logical that aspects of sustainability
have become a big influence in the real estate industry as well. A survey by Jones Lang La Salle
has revealed that sustainability will have the highest strategic priority for 83% of real estates pro-
fessionals in the next ten years.

Sustainability certificates play a decisive role in this context and are becoming more and more im-
portant, as only a building that has a certificate (label) will be considered a sustainable building by
the general public.

We can only call real estate development sustainable if the following prerequisites are met:
= cost-efficient,
= ecofriendly,
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* resource saving and
= optimum integration in the socio-cultural environment.

Taking its entire life-cycle into account, this should guarantee that a sustainable building is of high-
er long-term value to communities, investors, owners and users.

Our analysis of project development processes goes to show that they do not include the imple-
mentation of sustainability criteria in the individual phases of the process or only deal with them
cursorily. Therefore it is easily possible that real estate projects fail to meet sustainability objectives.
Therefore it is necessary to formulate a new, ideal project development process which includes
and guarantees the criteria the authors believe to be necessary to obtain a sustainability certificate.

Figure 1 shows a new process resulting from the considerations above, the "accompanying pro-
cess of sustainability management”, for all stages of project development in an intermediate sense.
The important element here is that "information" is condensed during the individual phases, which
then has to be analyzed and assessed several times with regard to sustainability to obtain a certifi-
cate.

Decicion to Decision to
invest construct

First design Authorization Building Management Adaptation
draft production
A —lM -.

ing sustainability management

Guidelines for Firstanalysis of ~ Pre-certificate Certificate
specifications specifications

Figure 1: Accompanying process of sustainability management during the stages of project
development

This approach contributes to implementing a holistic view of project development to prevent that
the sustainability requirements of a building are not only considered in the limited fields of planning,
construction and operation.
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Short Summary

The paper in the beginning clarifies what the nearly Zero Energy Building (nZEB) means and
what the advantages of an Integration Energy Design (IED) process are.Afterwards, it shows
two local experiences about nearly zero energy target integration in two different public
design tenders procedures.The first experience regards a restricted design competition
which aims at finding the best design proposal within a restricted number of projects. While
the second experience regards a negotiated design tender which just aims at selecting the
design team will design the new public building. Results show how to integrate, require and
evaluate the results of different tender procedures, advantages to use IED process.

Keywords: nZEB, IED, public design tender.

1. Introduction

The Directive 2010/31/EU [1] invited public authorities to develop plans to increase the
number of NZEBs. This paper proposes a way to increase the number of nZEBs including the
zero energy balance target within public design tenders for new buildings (or for building
renovation) and pushing the design teams to follow an IED process. The paper shows two
local experiences about energy performance requirements integration into public tenders.

2. Integrated Energy Design process (IED)

One of the key approaches suggested is the enhancement of the decision making process
through an Integrated Energy Design. The IED is a multidisciplinary, collaborative process
that analyses the whole building process and integrates different aspects and knowledge
during all phases of development of the building. The main advantage of the IED is that the
design decisions can be taken when the cost of design changes does not influence the
overall construction cost.

3. Nearly Zero Energy Buildings

The presented design tenders include the nearly ZEB concept, such as introduced by EPBD
recast 2010 and defined within the international project‘|EA SHC Task 40-ECBCS Annex52:
Towards Net Zero Energy Solar Buildings”. The nZEB requirements part included in design
tenders consists of energy performance indicators (energy balance, heating/cooling/electric
demand, IEQ level, etc.), energy calculation methods (tools and methods) and evaluation
methods (ranking procedures through assignment of points and weighted sum).

4. Alpine huts design competition

The first experience related to three new alpine huts, for which the design competition is now
closed, was realized in collaboration with the Province of Bolzano. When the collaboration
with the Province started, the public design tender was already published. The nZEB target
was added during a later phase of the design tender publication, and the energy concept has
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not been considered in the definition of ranking. Therefore, the nZEB target was not
mandatory and the energy design section included in the tender was just considered as
guidelines for the design teams. Nevertheless, simplified tools were also provided in the
tender to support design teams to develop an energy strategy. Even though the ranking
method did not consider explicitly the energy concept, EURAC evaluated each project from
the energy point of view and the Provincial Committee could take into account such
evaluations. Despite some design proposals had no energy concept description, the energy
requirements seem to influence the design concept: compact building shape, solar optimized
orientation of building surfaces and energy functional indoor space layout characterize most
of the design proposals.

5. Negotiated tender to design a new elementary school

This second experience is part of the Affirmative Integrated energy Design Action project
activities. The AIDA, financed through the IEE programme, aims at setting up strategies to
support local authorities in pursuing this target.Thanks to AIDA support we collaborated with
the Municipality of Merano in drawing up a public tender for design service for a new
elementary school complete of the integration of the nZEB target as a necessary energy
requirement. This kind of tender, called Negotiated tender aims to select the design team will
design the new building. An energy section added to the public tender, explains what nZEB
means, by defining the energy balance calculation method, metric and weighting factors,
physical boundaries of the building system [2], and requires to manage the design time
through an IED process. This energy guidelines section supports the design team to
enhance energy performance issues and to develop an energy strategy well integrated into
the architectural concept. The ranking method considers explicitly the energy concept and
assigns points to design proposals depending on criteria to achieve nZEB target. The tender
deadline is the 22nd of May 2013.

6. Conclusions

The tenders procedures analysed have different timing and objectives. Both procedures
include energy guidelines about energy performance indicators, energy balance calculation
method, ranking criteria and IED process management guidelines. The different objective of
the tender procedures has influenced the way energy performance requirements are
included into the tender. In the first case, the design competition, is necessary to support the
participants supplying simplified tools to calculate the energy balance in the same way, in
order to compare energy performances. While in the second case, the negotiated tender, is
necessary to introduce energy guidelines that will be used in a second time from the winning
design team. In both cases the IED process is considered a necessary approach to increase
the quality of the design proposal, from aesthetic, functional, energy efficiency and economic
point of view.
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A new focus for Blue Buildings

The core question to be discussed seems to be rather basic but difficult: What is a sustainable
success of a building? Green buildings reached already a high standard of ecological and technical
know-how integrated. Blue buildings suffer from a missing common understanding. They are
assimilated with the optimized Life Cycle Costs. Every company would not be satisfied if its
economic success was only measured at the expenditure. You have to take the earnings into
account too. In future a holistic statement on the long-term success of a building needs to integrate
Life Cycle Costing on the one hand which covers the total investments and on the other hand
earnings out of rental income and sale proceeds over the Life Cycle. Sustainable success can then
be defined as the optimized mix of minimizing the (Life Cycle) costs and maximizing the value of
the building.

Keywords: Life Cycle Management; Blue building; value and earnings, controlling of sustainablity.

1. Requirements of Blue Buildings

In construction project management the main goal was to realize a project in the shortest time, at
minimum (investment) costs and in the best quality. Today buildings demand to be “green” and
“blue” what means to be ecological and economical sustainable. Already the project development
faces these new challenges and the change of behaviour of investors and users which occur out of
a rising consciousness on the relevance of the operation phase and its costs.

The main question is how to realise the ideas of blue building. What are the main aspects and
criteria of blue buildings and what management issues do we have to focus on? The management
philosophy Life Cycle Management in construction is the sustainable way to cope with these new
requirements. The core skills of professional construction project management have to be
extended with expert knowledge of life cycle oriented design and build.

2. Efficient ways to Blue Buildings

Out of the practical experience these five Life Cycle Management aspects lead to blue buildings.

(1) Focus on life cycle costs instead of investment costs and additionally have the value
and the earnings in mind as basis for all relevant decisions

A deeper view on the economic approach of sustainability shows that with the determination of
Life Cycle Costs already the impact of the whole life cycle is taken into account. That seems to
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)

®3)

(4)

(5)

3.
[1]
(2]
[3]

[4]
[5]

be sufficient. But sustainability should lead us further to a holistic approach which includes the
perspective of investment and earning out of the recovery of the property. There might be eco-
nomic advantages, if an investor invests more investment costs and even more life cycle costs,
if the earnings increase bigger. It will be discussed which investments make sense in a long
term examination.

Use systematically experiences out of the operation phase during project development
and design and integrate the learnings in the organisation and in design & construction
contracts.

The basically clear demand for optimal use of experience from later phases turns out to be a
real organizational challenge and a challenge in defining the contracts for all participants in re-
gard to its actual implementation.

The Integrated Planning Team offers a solution-oriented approach. There at a very early stage
the entire planning (design) is carried out by a team that involves not only an architect and a
structural engineer, but in particular also consultants in the areas of building services engineer-
ing, electrical engineering, energy technology, building physics, acoustics, fagcade construction
and depending on the type of project further specialists. A key role is transferred to the Facility
Management Consultant who provides the experience from operating.

Develop a maintenance program for the 2"* and 3" Life Cycle in early project phases to
enlarge the lifespan and integrate the requirements in the building concept and design.
A maintenance program is an important tool to optimize the investments for maintenance, re-
pair, overhauling and services. If the focus is on a 2" and 3" Life Cycle (that means 60-90
years) and not only on 20-30 years, the importance of maintenance - including alteration - is
evident. The experience shows that with this new view the design process and the questions,
that have to be answered, have to be modified.

Apply (long-term) Opportunity and Risk Management in the whole project development
process for a continuous project optimization.

Active Risk Management allows identifying risks early and ensures in the implementation of
measures to avoid and reduce risks in sufficient time. Life Cycle Management considers not
only risks during planning and construction but also during operating and alteration. Opportuni-
ty Management ensures that optimization and cost-reducing potentials are efficiently utilized.

Controlling Systems for sustainability to ensure the concept of blue building is realized
effectively

Sustainability and the blue building philosophy is part of the objectives of most real estate pro-
jects nowadays. To ensure that this is not just an add-on in the marketing brochure controlling
tools are necessary. To achieve sustainable buildings the implementation of controlling tools in
all phases of the life cycle is essential. The paper presents successful examples of controlling.
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Short Summary

Since 2010 the Sustainable building certification system DGNB is in use In Austria. The Austrian
Sustainable Building Council (OGNI) was founded in 2009, cooperates with DGNB-Gemany and
adapted the German certification system for sustainable buildings to Austrian conditions [1]. This
paper focuses on the results of sustainable building certifications in Austria in order to obtain
benchmarks for the future development of the assessment system. The certification body of OGNI
controls the quality of the submitted building audits. In a third party conformity evaluation, the
conformity with the documentation guidelines and the certification system is verified. Meanwhile,
about 50 buildings were certified by OGNI.

This paper presents the results of the first building certifications. Several certified office buildings
are presented. A statistical analysis of the results of all evaluation criteria was performed and
evaluated anonymously. The analysis shows which criteria achieved high and low assessment
results. Conclusions concerning further development of the evaluation system are derived. Special
emphasis is laid on benchmarks for ecological and technical criteria. Furthermore
recommendations for a higher transparency of the results are made.

Keywords: OGNI; DGNB; Sustainable building certification; Benchmarking

1. Introduction

The DGNB/OGNI Certificate is a transparent and comprehensible rating system, which is based on
the CEN/TC350 approach. It defines the performance of buildings in a comprehensive way — with 5
plus 1 topics, and enables auditors to conduct an evaluation systematically and independently. The
building’s performance, by reaching a defined degree of performance, is assigned a bronze, silver
or gold award. Furthermore, grades are given for the total performance of the building as well as
for the individual topics.

The DGNB/OGNI certification scheme criteria-set includes five weighted topics (main criteria
groups): Ecological Quality (22.5%), Economic Quality (22.5%), Socio-functional Quality (22.5%),
Technical Quality (22.5%), Quality of Process (10%) and one additionally not weighted, separately
evaluated topic — Quality of the Location [2].

Each of these topics is divided into several assessment criteria. For instance, the Global Warming
Potential, Total Primary Energy Demands and Proportion of Renewable Primary Energy, Thermal
Comfort in Winter and Summer or Energetic and Moisture Proofing Quality of the Building’s Shell
are considered for the evaluation of a building. For each criterion, measurable target values are
defined, and a maximum of 10 points can be assigned. The measuring methods for each criterion
are clearly defined.
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2. Methodology

The objective of this investigation was to learn from the first certified buildings for the development
of the assessment system. Meanwhile, about 50 buildings were certified by OGNI and an update of
the assessment system is developed currently. Therefore the results of DGNB/OGNI certificated
buildings have been analysed in order to derive conclusions for a fine-tuning of the criteria set and
the benchmarks.

The investigation includes 18 certified offices buildings that had been certified between 2010 and
2013. Data has been derived from OGNI and the results are presented anonymously. For each
criterion the results are presented in ascending order and additionally the arithmetical mean value
of all 18 buildings is shown.

3. Results and conclusions

In average relatively high results were achieved for most of all criteria groups and many criteria.
Single results generally vary a lot for nearly all criteria and that proves that the assessment
methodology is generally very suitable.

For many buildings in the introductory phase of DGNB-Certification in Austria the decision for a
Certification was made relatively late in the project stage. Therefore some criteria of process
quality couldn’t be influenced or improved. The results for process quality showed the biggest
variations. It is assumed, that future certifications together with early decisions should show higher
values for process quality.

Most of the buildings achieved relatively high results for the criteria concerning environmental life
cycle assessment (LCA), especially concerning for the combined criterion “Total Primary Energy
Demand and Share of Renewable Primary Energy”. Meanwhile, in the updated German DGNB
system, this combined criterion is split into two separate assessments. The new structure of the
German DGNB system will be adopted in Austria as well and the benchmarks for “Share of
Renewable Primary Energy” will be adjusted to Austrian objectives considering the high share of
renewables in the Austrian electricity mix.

For the update of the Austrian system the results of the LCA are currently analysed more in detail
in order to adjust the benchmarks. Many buildings achieved better LCA results than the target
values, but the amount of this overshooting has no influences on the results. It is recommended to
improve the target values or to introduce bonus points for overshooting the target values. This also
concerns the criterion “Life Cycle Costs”.

Further adjustments should be investigated concerning the criteria “Quality of Contractors and
Prequalification” and “Conditions for Optimal Use and Management” because these criteria of
process quality showed very high results and small variations.

Overall the analysis showed that the DGNB-methodology is very suitable to point out individual
properties of buildings that are significant for sustainable development. Therefore it is a very
powerful tool to quantify and illustrate building characteristics. It is recommended to show the
results of all criteria in order to increase the transparency and information content of the DGNB-
certificate.
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Sustainability is in the focus of many global entities and organizations. Pushed by architectural
influence the majority focus on the design of buildings. In terms of life cycle, impact of laboratory
process and user behavior, as well as technical equipment such as plug-in-units, seem not to be
considered seriously.*

Certification systems for laboratory buildings barely are covered by design criteria usually used for
office or industrial buildings. They are dominated by an outstanding use of energy no matter if elec-
tricity , gases, demineralized water or any other services. A laboratory may have inline pipe net-
work of more than fifteen media.

The presentation will clearly show that a mix of topics only can achieve sustainability. Laboratory
apparatus have a major influence and enable users to achieve sustainability on a high scale, pro-
vided it offers energy saving, safety and other sustainable design features. No matter how sustain-
able the building might be, energy consumption, work flow and influence by the laboratory process
impressively dominate the impact in regard to sustainable aspects. Increasing number of plug-ins
either multiply those effects.

The major doctrine must be furthermore: Safety beats any other category in the sustainability eval-
uating system, e.g. reduction of air exchange rates shall only be achieved after a proper risk as-
sessment. The humans and their needs and wellbeing are much important for efficiency and re-
search output. By those means lab designers have to keep an eye on comfort, communication
options and individual situations of the users. Therefore lab planners need to be educated in safety
strategies either. The general and major use of supply air in a lab building for dilution and evacua-
tion of hazardous substances and gases is changing the character of the purpose of air ventilation.
On the other side limitations in regard to air velocity because of comfort aspects are to be consid-
ered as well.

For sure sustainability hardly can be achieved in a non sustainable building with non sustainable
equipment and instruments, but it is easy to operate a building with a high sustainability assess-
ment in a not sustainable way. Users have the key to operate the building in accordance with the
sustainable design criteria.

Once the building is occupied, daily monitoring of the bench marks by submetering, permanent
control if the goal is still on the screen and sustainability strategies are aligned to short term
change of the lab processes, will help to operate for long term the unity building-lab process-user
on a level that is verified with a certification system.

Life cycle cost and assessment of the building is important but operators shall know that it makes
sense only if the process and its LCC caused by inevitable equipment and plug-in-units are con-
sidered also. Impact of the plug-in-units must cause an own sustainability certification system in
order to succeed with the paradigm shift towards more sustainability.

[1] ' EGBERT DITTRICH “Handbuch fiir nachhaltige Laboratorien”. Berlin 2012,1ISBN 978 3 503
130535
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Presenter will give an overview upon the EGNATON CERT initiative including PCRs and EPDs — a
certification system for laboratory apparatus and equipment.

The learning lesson is to bring the different categories of sustainability in a balance which follows a
global standard in order to provide transparency and acceptance. If entities, public bodies and au-
thorities will not agree upon consensual assessments and the meaning of sustainability differs
there is no option to penetrate sustainability to private and public life.

By those means sustainability must be defined in a new way for laboratory buildings and shall be
understood in a holistic view.

Some important issue is: Our modern society expects that the industry in general provides sus-
tainable products, substances and processes for the future. By those means research has a clear
order which can be achieved only in sustainable buildings and work environment. As a surgeon will
not succeed a surgery in a grubby operation theatre, researchers need a sustainable environment
to develop sustainable results.

Keywords: Certification; Laboratories; LCC; Plug-in-Units; Sustainability; User Behavior; Ventila-
tion; Safety
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Short Summary

The UK has adopted legally binding carbon emission reduction targets of 34% by 2020 and 80%
by 2050 (measured against the 1990 baseline). Emissions from buildings consist of both
operational (Oc), produced during use, and embodied (Ec), produced during manufacture of
materials and during construction. Oc occurs over the lifetime of a building whereas the bulk of Ec
occurs at the start of a building’s life. A time value for emissions could influence the decision
making process when it comes to comparing mitigation measures which have benefits that occur at
different times. An equation is proposed, which weights emissions according to when they occur
during the building life cycle, and which effectively increases Ec as a proportion of the total,
suggesting that reducing Ec is likely to be more beneficial, in terms of climate change, for most
new buildings.

Keywords: Carbon, CO,, emissions, time value, embodied, operational, discount, life cycle,
weighting.

1. Introduction

Global temperatures are expected to rise by between 1.1 and 6.4°C by the end of this century,
depending, to a large extent, on the quantity of anthropogenic greenhouse gases (GHG) emitted in
to the atmosphere from now onwards. The UK along with many other countries has adopted a
target limit of 2°C of warming, which requires global GHG emissions to peak by 2020, and has
adopted legally binding carbon reduction targets of 34% by 2020 and 80% by 2050 (measured
against the 1990 baseline).

Buildings are responsible for both operational emissions (Oc), produced during use, and embaodied,
emissions (Ec), produced during manufacture of materials and during construction. To date most
effort has focused on reducing operational emissions but it will not be possible to reach reduction
targets by reducing Oc alone and substantial reductions in Ec will also be required. One of the
main differences between the two is that Oc occurs over the lifetime of a building, whereas the bulk
of Ec occurs at the start of a building’s life. Therefore, an important issue that needs to be
addressed is whether emissions avoided now are more beneficial than emissions avoided in the
future.

Time related issues considered in this paper are: the urgency of the need to achieve large
emissions reductions by 2020 and 2050; the reduced cost of mitigation measures the earlier
effective action is taken; future decarbonisation of energy supply and more energy efficient building
equipment; delayed emissions and the relationship between emissions and atmospheric
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concentrations over time.

2. Atime value factor

Factors are derived for the three issues, a discount factor, a decarb factor and a delay factor, which
are then combined to produce an overall time value factor (TVF). Figure 1 shows these factors,
together with a proposed close fit curve for the combined factor.
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Fig.1: Combined factors for emissions occurring in the future

The close fit curve proposed here is represented by Equation 1

Weighting factor =" x, e °**" 1)

n=1

where n is each year in which emissions occur and x is the proportion of total emissions occurring
in any year n.

Assuming equal emissions per year, the overall ‘net present value’ (NPV) of Oc for a given period
is the area under the combined fitted curve for that period multiplied by the annual emission. For
periods 0 to 60 years and 0 to 100 years the overall NPVs are approximately 32% and 20% of the
unfactored emissions.

3. Conclusions

It seems likely that substantial reductions in both Oc and Ec from new buildings will be required to
meet the UK emissions targets. The proposed TVF put forward for discussion and comment in this
paper is described by Equation 1. A TVF of this type could be a useful tool for assessing and
prioritising building options to achieve the most beneficial overall GHG emissions outcome, for
example when making comparisons between embodied and operational emissions.

A time value for emissions has implications for life cycle assessment methods used for evaluating
embodied emissions for materials, products and complete buildings. Factored ‘end of life’
emissions have a much reduced influence and this suggests that ‘cradle to grave’ assessments
may give very similar results to ‘cradle to site’ assessments. If this is the case, embodied carbon
calculations using very much simpler ‘cradle to site’ assessments could be justified.

When taken at face value, Oc usually appears to dominate and is the focus of reduction strategies.
However, when appropriate allowances are made for future scenarios, reducing Ec is likely to be
more beneficial, in terms of climate change, for most new buildings. Thus giving higher priority to
Ec reductions is likely to result in a bigger positive impact on climate change and mitigation costs.
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Short Summary

The assessment of structural design is regularly not implemented in certification systems. Thereby
construction details can exert an enormous influence on the (technical) sustainability of a whole
building. This paper describes the development of an evaluation model that allows the assessment
of building constructions due to their technical/functional sustainability. Aspects such as
maintenance, disassembly, dismantling and recycling are implemented in the tool. The practical
test of the evaluation model was based on selected buildings and showed the strengths and
weaknesses of the tool.

Keywords:sustainability, building evaluation, building certification, building construction, structural
design, technical sustainability, certification system

1. Introduction and background information

Actual discussions about strengthens and weaknesses of different structural designs are
influenced by the paradigm of sustainable development. 2004 the European Commission
mandated the “Development of standardised methods for the assessment of the integrated
environmental performance of buildings”. This suite of standards will influence planning,
construction and operation of buildings as well as their demolition. Beside the environmental,
economic and sociocultural dimension the consideration of the technical and functional
performance over the entire life cycle of buildings is a basis for the assessment.

Meanwhile numerous methods for the assessment of sustainability are available, but the technical
performance is often ignored. While a structural Due Diligence offers a snapshot of the condition of
a building, building certifications describe the integrated building performance over the whole life
cycle, although there is a lack of structural design and its effects on the building performance in the
assessment.

Current real estate assessments methods forecast the market behaviour on a monetary level, but
are not able to comprehend life cycle aspects. Anyway the interest in certified buildings is steadily
growing because they let expect a higher return on investment. Normally certification systems are
ex-post-assessments and not developed (at the moment) to be applied during the planning
process.

The comparison of commonly used certification systems in Europe and the associated literature
displayed that an advanced consideration of structural design didn’t happen. Thereof the approach
of implementing structural design in the assessment was defined as a main topic of this paper.

2. Methodology

An evaluation tool was developed that is based on the structure of DGNB/OGNI and this allows to
evaluate construction details including building materials and fasteners. Content and system
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boundaries focus only on the technical quality of a construction. Essentially for the development of
the assessment model was to ensure the applicability on a component level and to facilitate the
evaluation of component layers and joining technigues.

This resulted in the adaption of existing evaluation criteria and in the development of new criteria
with new assessment indicators, which were the basis for the evaluation model.

As part of the practical test of the model three buildings of the Graz University of Technology have
been analysed, evaluated and compared with each other. These buildings differed in their of
construction, in their building method but the thing they had in common was their usage — buildings
with administrative use as departments. In the front of the assessment there have been aspects of
maintenance, disassembly, separation and recycling. The scheme of the developed evaluation tool
is shown in figure 1 for two adapted criteria.
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Fig. 1: Overview evaluation matrix for criterion K40

After evaluating three specific construction details (roof detail, connection wall-ceiling-window and
basement) of each building, these constructions were compared with each other regarding their
construction design (separability, ability for maintenance...) and their recycling costs.

3. Results and conclusions

The test showed that the model allows both a detailed and a quick review. The weighting can be
adjusted individually so that single component layers can be highlighted in view of their importance.
The evaluation matrix can be used both as a decision support system for planners (designers),
product manufactures and producers as well as implemented into the DGNB/OGNI certification
system. For this purpose further development is still needed.

The costing for dismantling is very difficult to calculate. The current method in practice, an
estimated fixed rate, should not normally remain. In the future dismantling-friendly construction will
allow to dismantle parts of a building recycling oriented and to separate single variant, which
makes it possible to gain significantly higher added value out of the construction waste.
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Short Summary

In this study, we develop an integrated endpoint-type LCA tool for the initial stage of housing de-
sign. In this part of the study, we adopt the Japanese version of Life-cycle Impact assessment ba-
sed on Endpoint modeling (LIME2) and examine the associated assessment framework for the
case of a detached house.

Keywords:life-cycle assessment; based on endpoint modeling; housing; initial stage of design;
human health

1. Introduction

Characterization and integrated LCA tools have been previously developed for detached houses in
Japan; however, there is a need for an integrated endpoint-type LCA tool , that could comprehen-
sively assess the direct influence of building safety and comfort on residents, as well as the cost-
effectiveness of buildings at a local or personal level. Such a tool has the potential to be used as a
communication tool for architects and their clients to determine the direction of housing design in
the initial stages. In this study, we develop an integrated endpoint-type LCA tool for the initial sta-
ge of housing design. In this part of the study, we adopt the Japanese version of Life-cycle Impact
assessment based on Endpoint modeling (LIME2) and examine the associated assessment fra-
mework for a detached house.

This proposed LCA tool considers existing earthquake risk management and human health risk
assessment methods, such as disability-adjusted life years (DALY) proposed by the World Health
Organization (WHO), and a function to estimate this is embedded in the method. DALY can esti-
mate the decrease in lifespan resulting from harm to human health. However, it cannot estimate
the increase in lifespan caused by improvements in human health. Incorporating improvements in
human health into this tool will remain a challenge for the future.

2. Assessment framework

Based on LIME2, protected objects, category endpoint and influence region is set. Assessment
framework in this study is shown in figure 1.
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Figure 1: Assessment framework used in this study
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3. Evaluation of assessment framework by case study

The cost was calculated for a case study using the assessment framework of LIME2 and the re-
sults were analyzed to examine the efficacy of the assessment framework.

A result of the full-cost assessment is shown in figure 2. Before the basic design, multiple housing
types can be considered to decide on the best option. This figure shows that operational costs are
highest. It is thought that a full-cost assessment would encourage the client to choose housing
using the cost-effectiveness estimate from the LCA.
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Figure 2: Full-cost assessment

4. Conclusion

In this part of the study, we have proposed a new housing LCA tool that can comprehensively as-
sess potential damage to residents, and we have tested the assessment framework in this tool. We
carried out a case study to confirm the utility of this tool. According to the case study, the overall
trend of the results showed that operational costs were the highest costs.
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Summary

The contribution of plastics towards more sustainable buildings is covered from a full life cycle
perspective, taking into account the three pillars of sustainable development. Environmental
impacts of manufacturing are weighed against contributions in saving resources. Economic
aspects are discussed in terms of the life cycle costs. A few social considerations are developed,
such as health and safety of workers and users, and convenience afforded to the user.

Keywords:Plastic; life-cycle; eco-profile; insulation; windows; piping

1. Introduction

In the EU, more than 20 % of the plastics raw materials go into long life building applications, i.e.
about 10 million tonnes/ year. Plastics are used in thermal insulation, window frames, shutters,
piping systems, cables and cable ducts, roofing membranes, floor coverings, interior decoration,
fitted furniture, fencing and decking. Photovoltaic cells and solar panels also rely on plastics.

2. Environmental information, benefits and impacts

PlasticsEurope first launched its Eco-profile Programme almost 20 years ago. There are now more
than 70 detailed Eco-profile reports freely available, covering the environmental impacts and
resource use of all major plastic materials. They include datasets from cradle to factory gate [1]
and are an invaluable data resource for LCA studies. In line with the standards developed by CEN
TC 350, Environmental Product Declarations are now being derived from these eco-profiles.

Efficient heat insulation is essential for reducing energy consumption. Combining thermal
insulation with triple glazed windows can reduce energy consumption by up to 80%. All insulation
materials have strong and weak features; no material is best in all applications. Any insulation level
can be achieved by increasing product thickness; it is therefore more useful to assess the merits of
various materials on other properties. It is worth mentioning however that the energy saved over
the life time of plastic insulation compared to the energy used for its production exceeds 200:1 [2].

Plastics afford the desired insulation performance with thinner products than most competing
materials. This allows optimum use of space, a key feature especially in renovation. Plastic
insulation materials are also durable and maintenance free, contributing to resource efficiency.

Plastic waste is estimated to range between 0.1 % and 2% of construction and demolition waste
arising in the EU [3], but the amounts will be growing in future, requiring careful consideration.

Insulation products are difficult to recycle, being often contaminated by other materials. On the
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other hand, almost 105,000 t of profiles and 24,000 t of pipes were recycled in 2011 as part of the
schemes funded by the PVC industry [4]. In Europe more than half of plastics building and
construction waste is now being diverted from landfill through recycling or energy recovery.

3. Economic efficiency

The Total Cost of Ownership methodology is an economic analysis adding up the costs borne by
the owner or user over the entire life of the product. It has been applied to window profiles, water
mains and sewage pipes, as well as flooring [5]. The TCO of plastic pipes is for example the
lowest among the materials commonly used. Installation is the main cause of such differences for
sewage pipes. In the case of water mains, it is due to purchase and use costs.

4. Social aspects

Construction products have to comply with stringent fire safety regulations. Plastics are
combustible, like e.g. wood, and in some cases it is necessary to add flame retardants in order to
achieve the required level of fire safety, taking care to ensure consumer and environmental
protection.

Rigid products are more difficult to handle than flexible ones and are more prone to deformation,
requiring special care during installation. The light weight and flexibility of plastic products
contributes to easy and safe installation.

Volatile organic compounds (VOC) account for about 8 % of the total Indoor air quality related
burden of disease. The main VOC contributors are paints and furniture. An assessment of the
sources of exposure concluded that building materials account for about 0.2 % of total burden [6].

Plastic products are generally smooth, easy to clean, which helps maintaining a high level of
hygiene at home, in health care facilities, etc. They require neither painting, nor chemical cleaning,
thus preventing exposure of workers and occupants to potentially hazardous chemicals, as well as
emissions to the environment. Durability, minimum maintenance needs and easy cleaning are
major contributors to the convenience of users.

5. Conclusion

The criteria discussed overlap to a large extent with those used by building rating systems. Rating
systems based on a broad spectrum of environmental, economic and social criteria should be
welcomed, provided they are based on the entire life cycle of the building, and rely on risk
assessments rather than discriminating substances based on hazard. Eco-labels should follow the
same principles. This holistic view is the only one capable of correctly assessing buildings,
components, and materials they are made of. The diversity and complexity of the building industry
requires such a broad perspective. Its environmental, economic and social importance deserves
the effort.
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Short Summary

Following EN 15978, the informative module D allows crediting a building for the recycling potential
of its materials and the exported energy. Whereas the relevance of this module has largely been
associated with the environmental assessment of metals so far, it is not clear to what extent
module D is relevant in the life cycle assessment (LCA) of buildings. In this paper a building
renovation case study is considered to investigate and discuss the implications of including module
D in a building LCA. The results initiate a discussion on the controversial module D and illustrate
the potential effects of this module compared to the rest of the life cycle.

Keywords: Life Cycle Analysis (LCA); Recycling; Module D; Renovation; Environmental
Assessment; Building LCA; LCA Methodology; Cradle to Grave; System Boundary

1. Introduction

According to the European standards concerning the sustainability of construction works EN 15804
and EN 15978, a building’s life cycle information is organized along three major life cycle stages:
(A) the product and construction process stage, (B) the use stage and (C) the end of life stage.
However, for the building assessment information, the standard identifies an additional optional life
cycle stage (D) describing the benefits and loads beyond the building life cycle. This stage, also
called module D, allows crediting a building for the recycling potential of its materials and the
exported energy. In this paper a building renovation case study is considered to investigate and
discuss the implications of including module D in a building LCA.

Within the research project Reno 2020 a 4-storey high multi-family house in the region of Seraing
(Belgium), including 3 apartments and a commercial space, has been renovated deeply in order to
meet the current needs and standards in terms of comfort, space and energy requirements. As the
project included quite some materials that are recyclable, the benefits and loads beyond the
building life cycle were calculated in a cradle-to-grave LCA, including module D.

2. Results

First, the results reveal that the highest environmental impacts are related to the energy use during
the occupancy phase of the building, which is in line with several other building LCA studies.
However, for buildings with a better thermal performance (such as passive houses or nearly zero
energy buildings) and for new constructions (with a larger of amount of materials used for the
building), the relative importance of the use phase will become smaller and the decisions taken at
material level will become more significant. Seen the focus of the paper, the analysis and
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discussion focuses on the impacts of the materials.

At the material level, the largest impacts result from the production stage. The impacts resulting
from module D are in the same order of magnitude as the impacts of the replacements, and are
significantly larger that the impacts related to the transport, construction and end of life of the
materials. More specifically, the results show that the potential benefits from recycling the materials
are considerably high for both the roof and the windows and doors (see figure). For the roof, 98%
of the avoided impacts are related to the high use of steel. Also for the windows, the majority of the
avoided impacts can be linked to the high recyclability of aluminium (98% of module D impacts).
The high recyclability of the glass panes (with 70% recycling rate) represents only a small part of
the module D impact. The impacts reported in module D for the other building elements are rather
small (see figure) because of the non or low recyclability of the materials, or because of the low
benefits related to the recycling process (e.g. concrete, bricks).

LCA results - Building Renovation Case Seraing
Impacts per building element

4000

3000 )
1 Recycling
potential

2000 #EOL

O Replacements
1000 -
m Construction

s Transport

Environmental impact in ReCiPe points
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Fig. 1: Environmental impact of the materials over their life cycle, according to the different building
elements, with indication of recycling potential (module D).

3. Conclusions

The present study reveals that the consideration of module D in a building LCA is possible and can
be relevant. It suggests that, even though module D is stated to be optional, it can provide some
relevant additional information concerning the recycling of materials at the end of life and can
represent a significant part of the total building impact. For the presented case, the impacts related
to module D are larger than those related to transportation, construction and end of life. However,
the case also shows that the impacts being reported in module D are strongly related to the use of
metals in the building. Analyses ate the material level reveal that materials with high recycling rates
do not necessarily relate to high (avoided) impacts in module D. Therefore, one should be
conscious that module D reports only on certain environmental impacts and does not necessarily
provide the whole recycling story.

Based on this study, we can state that module D will show a considerable impact for buildings
containing a large amount of metals, but these results cannot be generalized to other buildings
without further investigation. Research on the recycling impacts of different types of materials is
desirable to get a more holistic view on the value of module D at building scale.
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Short Summary

Most existing real estate portfolio management systems lay their focus on tangible assessment
criteria, leaving the value of a building for a corporation in terms of user satisfaction or support of
the core business aside. Therefore M.O.0.CON developed a holistic portfolio management system
which enables the user to base portfolio decisions on an analy  sis of all organizational, technical
and economical factors. This leads to feasible allocated resources on refurbishment projects that
support achieving an organization’s goals. The early planning phases of sustainable refurbishment
projects are efficiently supported by assessing life cycle costing parameters for project alternatives.
This method was successfully adopted from the federal province of Vorarlberg, which holds more
than 120 buildings within their portfolio.

Keywords: Portfolio management, sustainable refurbishment, corporate, life cycle costing

1. Extended Abstract

While enthusiastic self-imposed code of practices as well as EU directives (EPBD — energy
performance of buildings directive) demand that Austrian federal states and municipalities apply
high modernization standards when refurbishing their existing building stock, public administration
faces a wide array of challenges.

Considering budgetary limits of federal states and governments, a four step methodology was
developed that helps public administration to successfully tackle energy efficient retrofitting
projects within their existing building portfolio while focusing on a rational and transparent decision
making process.

This work presents a method that allows policy makers to first evaluate their existing building stock
and identify leverage points before heading into complex and costly refurbishment projects. Stated
procedure, which ought to be implemented in accordance with public officials, follows four steps:

1. Developing Criteria for portfolio evaluation

2. Evaluating the existing building stock

3. Compilation of specific strategy for each object

4. Initiating sustainable refurbishment project based on specific object strategy and analyzing
project’s life cycle costs — see figure 1.
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Fig. 1. Life cycle analysis for three refurbishment scenarios
1.1 Conclusion

Before concentrating on certain refurbishment projects within a given building stock, first an
evaluation of the entire building portfolio allows the efficient allocation of resources. Most existing
real estate portfolio management systems lay their focus on tangible assessment criteria, leaving
the value of a building for a corporation in terms of user satisfaction or support of the core business
aside. Therefore new portfolio management tools and methods need to be fully customized for
public administration that manages buildings for own usage.

This allows a holistic and evidence based approach that support an informed decision making
process. When an object strategy is derived, life cycle costing guarantees the continuous
controlling of initially set goals of a developed portfolio strategy.

LCC tools and their early involvement in the planning phases of refurbishment projects
undoubtedly support the planning and decision making process about procedures that account for
more than only investment costs: building operation costs e.g. energy, maintenance and cleaning
need to be considered when evaluating possible refurbishment scenarios (figure 1). Life cycle
costing offers true costs for project alternatives and distinguishes between supposedly efficient
looking scenarios and ones that do offer real benefits and advantages for the user, the organization
and the environment over a building’s entire life cycle.
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Short Summary

To date a proliferation of sustainability claims in architecture is noticed with a main focus on energy
during the use stage of buildings. Although this is highly relevant, a more comprehensive life cycle
approach is needed to support decision making in order not to overlook relevant environmental
burdens such as respiratory effects and land use. As a base for addressing the current confusion in
the market, the Product Environmental Footprint (PEF) was developed and has recently been
adopted by the European Commission. This method provides specific guidance for comprehensive,
robust and consistent environmental assessment of products. It is based on four main principles: (1)
multi-criteria, (2) life cycle thinking, (3) consistency and (4) ensuring maximally physically
representative modeling. This paper presents the PEF in the specific context of buildings.

Keywords:Labelling, Life Cycle Assessment, Multi-criteria approach, Product Environmental
Footprint, Sustainable Buildings.

Extended abstract

Although the construction sector contributes to socioeconomic development, it also induces
important environmental impacts due to its energy consumption, solid waste generation, global
greenhouse gas emissions, adverse health effects, environmental damage, resource depletion and
land use [1], [2]. It is thus a relevant sector for reducing its environmental impact and hence an
increased interest in sustainable building is noticed in the last decades. In this context, there is a
proliferation of sustainability claims of buildings to date with a major focus on energy and related
CO, and on the building use stage. By limiting the focus to a single environmental impact and/or a
single life cycle stage, there is however a potential risk of burden shifting to other impact categories
and/or other life cycle stages [1], [3]. In a response to that, more holistic evaluation methods have
appeared such as the Leadership in Energy and Environmental Design (LEED) rating system [4],
the BRE Environmental Assessment Method (BREEAM) [5] and the German Sustainable Building
Council (DGNB) [6] system. These methods are more holistic because they include other life cycle
stages than the use stage and consider other impacts in addition to global warming (multi-criteria).

Although methods such as LEED, BREEAM and the DGNB system have clearly their strengths in
terms of comprehensiveness and awareness raising, they also show some weaknesses. They
consist of a subjective weighting of credits assigned to a list of measures, covering different issues
such as energy use, material choice and water efficiency; and are thus rating-based methods (also
referred to as qualitative methods). The most important need for improvement identified is the
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consistency and rigidness of the methods for the determination of the environmental benefits
assigned to each building measure and the relative importance of each of the measures. A more
consistent and comprehensive Life Cycle Assessment (LCA) based (quantitative) method is hence
recommended. Consistency over the different building types, but also over the different EU
Member States would be beneficial in terms of transparency and comparability. It would moreover
be advantageous for the assessors to have a consistent method in different building locations in
terms of time and money. The Product Environmental Footprint (PEF) method exactly aims at
providing such a consistent, LCA based, clear and actionable guidance. The PEF method has
been developed by the Joint Research Centre (JRC) of the European Commission (EC) in close
cooperation with the Directorate General for the Environment (DG ENV). It was recently published
as an annex of the recommendation linked to the Communication “Building the Single Market for
Green Products - Facilitating better information on the environmental performance of products and
organisations” [7], [8]. The aim of the PEF is to bring comparable and reliable environmental
information in order to build confidence and to provide the basis for addressing the current
confusion of sustainability claims which is not only noticed in the building sector.

The PEF method is an LCA based method to calculate the environmental performance of a product
with the overarching purpose of seeking to reduce its environmental impacts taking into account
supply chain activities (from extraction of raw materials, through production and use, to final waste
management). The PEF method provides guidance for modelling the environmental impact of the
flows of material, energy and the emissions and waste streams throughout a product’s life cycle.
The PEF Guide has a high level of prescriptiveness and hence a low level of flexibility. This is seen
as essential in order to obtain consistent and comparable results. The PEF Guide provides for
example strict guidelines regarding the data quality, allocation, EoL allocation, cut-off, impact
assessment, biogenic carbon removals and emissions, temporary carbon storage and
nomenclature. The PEF method is comprehensive and includes 14 impact categories, prescribing
the midpoint models, related indicators and characterisation factors to be used. This is in contrast
with many other currently available footprinting methods which in general allow the user to choose
out of a range of possibilities and focus on a single impact category.

The next step forward consists of developing Product Environmental Footprint Category Rules
(PEFCRS) for buildings and construction products in order to increase consistency, reproducibility,
relevance and comparability of their assessment. PEFCRs should moreover reduce the time and
efforts needed to conduct a PEF study by limiting the scope in terms of relevant processes/life
cycle stages and environmental impact categories. An alignment with the CEN standard EN15804
should be envisaged when developing PEFCRSs of construction products.
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Long Abstract

LCA is widely recognized as the most relevant tool to evaluate building environmental impacts ™. However, its use is
still facing limitations which make it restricted to experts and researchers. Over the last few years, many works and
initiatives have focused on methodologies and user-friendly tools to spread building LCA practice and ease its under-
standing PB4 encouraged by the growing interest for this method as a tool to achieve a more sustainable develop-
ment 1. However, few works have tried to adapt the tools to the specific needs of the different building stakeholders.
The objective of our work is to make LCA more accessible to non-experts willing to assess their building projects at
different stages. Depending on the goal and scope of the study, data, methods, calculation rules, etc. within LCA tools
have to be adjusted. All these adjustments require advanced knowledge in order to ensure proper representativeness,
respects of certification schemes requirements, etc.

A complete building LCA is not a simple aggregation of LCA of component and construction materials and has to con-
sider other contributors. However, the component and building product contributor is still the most time consuming to
describe and inherently difficult to assess. Because of this time consumption and this tool specialization, the evolution
from eco-design to performance evaluation of building environmental quality is still limited. Also, LCA tools are often
more specifically oriented towards one objective and then one construction project stage ["!. To promote the holistic
approach, tools must provide a real continuum. This is particularly important since eco-designing should not be consid-
ered as a simple variation comparison but also as a first evaluation to reach a specific performance level. To ensure this
continuum, the use of different study types as described in the European project, EeBGuide ' is showing a growing
interest. To summarize, the three study types, screening, simplified and complete, are proposed with appropriate stage
of completeness and exactness in the description '), leading to different result levels matching particular goals. To do so,
scalable description systems are foreseen as one solution to be embedded within LCA tools %, A scalable description
system will offer a way to consider smaller entities within a whole assembly, avoiding getting into the detail when not
needed. Such an assembly is then considered as a “macro-component”. Coupled to the scalability, the selection between
both generic data (representing a whole set of products, by a weighted average for example) and specific data (repre-
senting a particular commercial reference) allows the users to evolve from aggregated and highly generic building parts
to specific compound by compound description.
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Knowledge progress

Screening Work Presented

Simplified

Complete

Figure 1: Positioning of this study within the three study types as exposed in the EeBGuide project vs. the project knowledge pro-

gress

Figure 1 makes appear the scope of our work relatively to the three study types presented in the EeBGuide project.
More particularly, this whole study is focused on the building materials/products contributor. Also, the presented ap-
proach is restricted to the “simplified” and “complete” types, it could be further extended to “screening” with some
evolutions partially exposed all along this paper.

Our work focused on developing such a database based on the modular principle, implementing it on an existing LCA
tool (ELODIE), and validating its use for different types of studies. This paper provides an exhaustive description of the
approach at different scales, supported by case studies that show its relevance and consistency depending on the consid-
ered goal and scope. They will illustrate the distances between results from LCA of early design eco-conception and
final certification results or existing building models. Particularly, we focus on three utmost-interest points for prac-
ticers: reproducibility, accuracy and time-saving potential. The investigated approach is dedicated to further facilitate
the deployment of LCA amongst non-expert users. Integration of such an approach in building LCA tools could facili-
tate the decision making at the first steps of a building project, when the potential influence of design on costs and envi-
ronmental impacts is the highest.
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Short Summary

A case study life cycle assessment (LCA) on an office building is performed to investigate how the
setting of free parameters (from the CEN/TC 350 standards) influences the results of the building’s
LCA in the DGNB certification scheme for sustainable buildings. The parameters concern the
reference study period and the energy supply scenarios. Furthermore, a set of toxicological impact
categories are included in the assessment to test whether the toxicological impact potentials follow
the same trends as the impact categories already included in the DGNB methodology

Keywords: building LCA, reference study period, energy scenarios, impact categories, DGNB
1. Introduction

Both the European CEN/TC 350 standards on Sustainability of Construction Works and the DGNB
International certification scheme for sustainable buildings make use of the LCA methodology to
evaluate the environmental sustainability of a building. Whereas the CEN/TC 350 standards
present a broad framework for the evaluation of sustainability, the DGNB International is a concise
recipe for the evaluation process, complete with system boundary settings and benchmark values.
In this sense, the DGNB International scheme serves as (one of many possible) translations of the
CEN/TC 350 standards into an applicable scheme for sustainability evaluation.

Important system and scenario settings for the LCA in the DGNB International are:
o The choice of reference study period. For office buildings, 50 years
o The choice of energy supply for the building’s use stage. Set as European averages
e The choice of impact categories. Toxicological impact categories are not included

These system and scenario choices of the DGNB scheme were questioned in the Danish
adaptation process of the certification scheme and the case study was performed in order to
explore the environmental impacts of the choices.

2. The case study

The case building is a low energy building (Danish 2015-standards) and the headquarters of a
larger Danish company. The building was assessed using the DGNB simplified LCA methodology,
including the life cycle stages of production (material extraction, transport, manufacturing), use
(operational energy use, material replacements) and EoL (waste processing, disposal, reuse
recycling and recovery potentials)

The following scenarios were tested:
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Table 1. Scenarios and parameters assessed in the case study

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Reference Long reference Danish Forecast energy
study period energy supply
Study period 50 years 100 years 50 years 50 years
- S R Danish grid Danish grid mix,
Electricity EU-25 grid mix EU-25 grid mix mix, 2010 average 2010-2060
District heating District heating  Danish district Danish district
Heating (100% natural (100% natural heating mix,  heating mix, average
gas) gas) 2010 2010-2060

Figure 1 presents the scenario results of the case building LCA as differences in impact potentials
for scenarios 2-4 relative to scenario 1.
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Fig 1. Differences in impacts potentials per m?/year for scenario 2, 3 and 4 relative to scenario 1

3. Conclusion

The results of the case study illustrate how impact results change up to 20 % from a 50 year study
period to a 100 year study period. A study period of 100 years can properly justify the use of long-
lasting materials but increases the uncertainty of the scenarios on energy input and replacement.

National or local data on energy production should be preferred to regional data, so as to give a
more correct picture of the actual environmental effects of the building. This approach is already
being followed in the Danish DGNB adaptation process. The use of dynamic energy scenario
modelling may prove to provide results which come closer to the actual situation of the building.
However, the uncertainties connected with this kind of projections can be considerable.

The contributions from the life cycle stages to the toxicological impact categories do not follow the
trends found in the other impact categories. The inclusion of toxicological impact categories thus
widens the perspective of the environmental profile of the building. In practice however, it will be
difficult to include the toxicological impact potentials as part of the certifications scheme, because
the background data is not readily available.
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Summary

Life Cycle Assessment (LCA) based Environmental Product Declarations increasingly become a
default communication format for construction product manufacturers — e.g. based on the new EN
15804 standard [1]. In sustainable building certification schemes, particularly in those of the DGNB
and its partner organizations across Europe, e.g. OGNI in Austria, LCA of buildings is well
established as default mechanism [2, 3]. In both areas — product LCA for EPDs and building LCA
for certification — the method has matured from research into daily application and planners
increasingly use LCA for decision support during the planning process.

This in turn raises the question: What future developments can we expect for LCA in the
construction sector?

This article indicates different upcoming developments in LCA that are either already under way —
yet not necessarily generally visible — or that are likely to come. Some developments indicate
increasing harmonization of calculation methods, e.g. across Europe. The European research
project “EeBGuide”, for instance, yielded a comprehensive set of guidelines and provisions to
uniformly conduct LCA studies in the construction sector [4].

Other developments include the assessment of new environmental aspects such as scarcity of
abiotic resources, water consumption, land use, biodiversity or toxicity, always covering a product’s
or building’s life cycle.

But also the improvement of LCA for use in the planner’s daily work reflects a visible trend in the
field of LCA. This includes simplified methods for building LCA and automatic connections of LCA
models and software to planning tools. The link of LCA to decision support in building planning —
e.g. by identifying major drivers for environmental impacts of building, reported through LCA —
forms another basis for future LCA-developments.

The article outlines which trends are in sight and the need for research activities in the different
fields is mentioned. Focus of those discussions hereby lies on the need for pragmatic
implementations of new developments into the practical use of LCA.

Life Cycle Assessment as a method to investigate the environmental performance of products and
technical systems is well established in the building and construction sector. LCA already serves to
assess buildings and construction products in building certification systems and for Environmental
Product Categories.
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Upcoming developments include, among others, increasing efforts to harmonize the method and
the integration of the method into political agendas and legislation. However, the continued
development of the method of LCA should hereby not be forgotten. A number of subjects for further
development can be identified and should be pursued. These fields leave wide open spaces for
research activities, which are often tasks for consortia of several involved stakeholders.

Some of the research fields are described: understanding benchmarks for buildings and the
relevance of certain planning decisions is necessary to improve the use of LCA as planning tool
and for certification. In that context, the development of justified simplification approaches is also
essential to improve the method’s use for planners. And finally, the development of indicators to
address the information demand is necessary work.

For all new developments, two things should also be kept in mind: LCA is a method to support
decisions of one kind or another, it is never an end to itself. As LCA is relevant for decision making
in numerous situations, it is a method that must provide meaningful answers and if the intention is
— as it is the case in the construction sector — to have planners and building practitioners to work
with LCA, then the method must be provided in a way that is useful for those who should use LCA.
Researchers working to improve and advance LCA should always keep this in mind and should
always assure that their work is not only scientifically sound and innovative, but also helpful for
those, who are intended to use LCA.

Keywords:Life Cycle Assessment; Environmental Product Declarations (EPD); Building
Certification; EeBGuide; Future Developments.
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Introduction
Sustainability assessments quantify impacts and aspects in order to analyse the environmental,
economic and social performance of products and services.

EN 15643 states the methodology of Life Cycle Assessment (LCA) as one of the most efficient
possibilities to determine environmental impacts and aspects based on transparent data and an
extensive life cycle analysis.

In recent years the application of the LCA methodology increased intensively within the construc-
tion sector. On the level of construction products LCA established as an effective option to demon-
strate environmental impacts of single products with a tendency to Environmental Product Declara-
tions (EPD), which offer a high credibility due to their independent verification. The rising number
of building certification systems increases the need of LCAs for the building construction. In con-
trast regarding built infrastructure the LCA methodology was applied marginal so far and mainly on
research level.

This paper analyses and compares the application of LCAs within the Austrian and international
construction sector. It is shown, which potentials exist on national and international level, and
which gaps need to be filled in the upcoming years especially with regard to built infrastructure.
Finally suggestions for further LCA-based research and development projects, which should focus
on the applicability and the future profit for the Austrian construction sector, are made.

Conclusions
General improvement of ecological construction assessments

The ecological assessment of building products and constructions is an important part for
proceeding to a sustainable society. By now a large scope of tools, such as standards, are
available to state an ecological footprint of products in several stages to the final building. But there
are some problems that interfere the wide application of ecological evaluation.

- Lack of comparability and usability due to different systems and parameters in the
evaluation of environmental performance. This shows that ideal characteristics are still not
found. This gap must be closed in future.

- Uncertainty of background data due to unclear raw data and arbitrarily set system limits.
Studies on the same topic often lead to completely different findings. Such contrary results
must be avoided by better raw data and a better conformability.

- Significance regarding the whole building must be displayed. The focus must be set on the
parts with the highest impact on the environment. Hence the main focus of further research
works must be set on the detection of the essential products and processes of
constructions.

- Period of validity due to daily changing background data. There is still a special need for a
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definition of the validity of an ecological evaluation.

If these aspects could be more clearly in the future the acceptance and application of decision
makers would probably be higher. In addition also the other constituents of sustainability — beneath
ecology - should be kept in mind. The social and macroeconomic benefits of constructions are
often not easy to evaluate, but of extreme importance. Thus, the ecological evaluation must always
be set into relation of all these parts.

Austrian EPD program for building products

In the last years a board of Austrian research institutes prepared the start-up of an Austrian EPD
platform for building products by developing the basic documents needed for an EPD program:

* Basic document for the preparation of an EPD
* General rules for the LCA part of the EPD
* Analysis guidelines for emissions to air and environment

By the beginning of July the Austrian EPD program will start his operational work, so the first EPDs
can be submitted for verification and publication.

The Austrian EPD grogram should then build the base for a bottom up approach leading to Life
Cycle Assessments of buildings, built infrastructure and building components utilizing datasets
representing the Austrian situation. This can be seen as first step towards stable characteristics for
ecological assessments within the Austrian building sector.

Research need for infrastructure buildings

Within the construction industry infrastructure buildings are much less analysed regarding to their
ecological impact than other buildings. The high potential for further research in this field is based
on the following properties of infrastructure buildings:

* Long lifetimes

* High consumption of materials

* Enormous Impact of utilisation phase

* Influence of maintenance strategies

* Social end macro-economical side effects

The road LCA studies carried out in Germany, Switzerland and The US demonstrated the
necessity of an ecological study analysing at least Austrian highway constructions regarding their
environmental characteristics in order to build the ecological base for a future sustainability
assessment tool such as NISTRA or Greenroads.

Furthermore, there should be a focus on LCA studies and sustainability assessments of further
civil engineering structures such as railways, tunnels, power plants, etc. where the overall
ecological consequences of the situation with and without the project need to be compared.
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Short Summary

The specific building stock of Red Vienna represents 16% of total Viennese housing stock [1]. This
stock is of significant cultural value, as a monument of an era, which determined the worldwide
unique Viennese housing policy. Moreover, it represents a high social value, still bearing a large
ratio in provision of affordable housing. The stock is more than 50 years old and in need of
refurbishment and adaptation to the modern housing requirements. These are determined through
the trends such as ageing society, increasing of housing areas [2] and of user comfort. On the
other hand, the issues such as scarceness of resources and energy and minimisation of emissions
must be considered in refurbishment process.

This paper presents a case study carried out on a specific housing block of the Red Vienna period.
In the course of research, the economic (life cycle costing and yields), ecologic (CO, emissions)
and socio-cultural impacts (monument protection, accessibility, assisted living) of several
refurbishment variants were evaluated through quantitative and qualitative analysis. The research
points out the large potentials in structural refurbishment of building stock for development of
assisted living models, which prove to be substantially more cost efficient than the institutional care,
providing a better comfort for the inhabitants, and also the necessary social mix through trans-
generation housing in the social housing facilities.

Keywords:Life Cycle Costs, Social Thermal Refurbishment,

Sustainability Criteria

Housing, Assisted Living,

Towards research model

For the evaluation of refurbishment strategies by the means of sustainability criteria, a case study
methodology was chosen. As specific reference object a housing estate “Elderschhof”’ in second
Viennese district (erected in the years 1931 to 1932, owned by the federal state Vienna and
administered by Wiener Wohnen) was chosen. In the first step, several refurbishment strategies
were compiled:

Table 1: Summary reconstruction strategies

Reconstruction A B C D

strategies Thermal Barrier-free ground Installation of ele- Stairlifts
refurbishment floor vators and stairlifts

Starting Position Existing Existing building Existing building Existing building
building 2011 2011 2011 - without 2011- without

elevators elevators
Thermal reconstruction X X X X
Technical modernisation Elevators, stairlifts stairlifts

Modification in
apartments on
ground floor

Furnishing category
A and universal
accessibility

Furnishing catego-
ry A and universal
accessibility

Furnishing catego-
ry A and universal
accessibility
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In further steps, the thermal refurbishment represented through variations of fagade-insulation -
systems was evaluated for life-cycle costs (LCC) [3] and the life-cycle analysis (LCA) [3].
For the thermal refurbishment of facades following variants were examined:

— Modernisation of the facade without thermal insulation measures (without TIM)

— Exterior thermal insulation composite system EPS (ETICS EPS)

— Exterior thermal insulation system mineral wool (ETICS MW)

— Thermal insulation plaster (TIP)

— Interior insulation (I1)

— Vacuum insulation panel (VIP)
Finally, the developed thermal and structural refurbishment measurements were evaluated upon
the sustainability criteria: economic (LCC, capital strain of rental income) [3], ecologic (CO,
emissions) [3] and socio-cultural (monument protection, accessibility, assisted living); through
qualitative analysis. The structural refurbishment strategies were compared to the gross expenses
of public authorities [4] for various nursing services.

Conclusion

The study implies large potentials of existing stock for care at home, instead of much more cost
intensive institutional care; reinforcing the value of stock as social capital. The comparison of the
life-cycle costs concerning a structural refurbishment with the gross expenses of the public
authorities points out, that nursing expenses are a multiple of the life-cycle costs caused by a
structural refurbishment for accessibility in an existing building. In terms of thermal refurbishment,
due to the large energy consumption during the operation, the most preferred measure is the
holistic refurbishment (complete envelope) through the highest energy and CO, saving potential.
The fagade options with low potential of heating demand reduction have, despite the positive
sustainable performance concerning production and maintenance, high economic and ecological
life-cycle values (cumulated over 50 years), which cannot be neutralised by the positive monument
conservation effects. In terms of lifecycle costs and achieved energy and CO, savings the ETICS
EPS refurbishment variant shows the best performance over the period of 50 years, however is not
compatible in terms of monument protection. As alternative, the interior insulation, causing higher
ecological impact and higher skills in application, can be taken in account. The qualitative
evaluation of the structural refurbishment and exploration of the potentials for providing the
appropriate housing for aging society proves variant D (disclaims the use of existing elevators, but
instead installs the stair lifts and enables the barrier-free living of the ground floor) as the optimal
variant, both in terms of LCC as in social criteria for affordable housing (low heating costs and rent).
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This conference contribution presents a study tackling user behaviour and consumer aspects in
highly energy efficient buildings taking into account social, ethnical, and especially gender-related
aspects, and analyses the building design concept in comparison with the actual energy
consumption. The interdisciplinary project team applies new socio-scientific methods to develop
innovative solutions for influencing user behaviour, which undergo trial runs in selected buildings.
Results will contribute to improving communication measures, design process and product
development in order to tap the full potential of energy savings due to user behaviour.

According to the EU-project ,BEHAVE"® (http://www.energy-behave.net/) more than 50% of energy
savings are due to changes of energy consumption related user behaviour. The development
towards plus-energy-buildings (buildings which produce more energy than what occupants
consume) causes a change in the role of consumers: consumers turn to active stakeholders,
because their way of using the building will be decisive whether the building actually achieves plus-
energy status, or not. It is a precondition to fully understand the motivations and options for actions
of consumers, in order to tap the full potential of energy savings related with user behaviour. In this
regard, gender-specific aspects have not been considered so far.

The study presented is based on the deep analysis of new and existing buildings which comply
with ambitious energy-related criteria and belong to a broad range of building typologies (multi-unit
residential buildings, office buildings, schools and kindergartens, educational campus). The
interdisciplinary project team applies new socio-scientific methods to develop innovative solutions
for influencing user behaviour, which undergo trial runs in selected buildings. The project team
investigates the process starting with the early design phase and ending with the present operation
of the building. First results will be analysed, and serve as the point of departure for developing
innovative solutions and measures to address user behaviour in terms of energy consumption
reduction. Selected measures undergo a trial run in selected buildings. Focus is on gender and
diversity aspects.

Results will contribute to improving communication measures, design process and product
development in order to tap the full potential of energy savings due to user behaviour:

Design process and building construction: Lessons learnt will serve to improve stakeholder
involvement during building design. Results will contribute to improve communication and
information measures during building operation. Design guidelines: Results provide input to specify
standard user-behaviour profiles which are used during building design. Product development:
Results will provide information especially for improving building services components and house
automation. Stakeholders are actively involved in the project to sensitize them for gender-related
issues.
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Short Summary

The present work aimed to study the cost optimal solutions for buildings elements in a case study,
representative of the Portuguese buildings stock. The results come from the comparison between
the analysed solutions’ energy savings and costs.

Keywords: Building’s renovation, cost-optimal, Energy Efficiency

1. Introduction

Due to the increase of the energy consumption in buildings, energy efficiency has become an
important issue, when it comes to buildings’ construction or renovation. In last years The European
Commission is making efforts in order to help technicians in the construction/renovation to turn
buildings more energy efficient. This comes from the fact that buildings are responsible for 40% of
the primary energy, which makes them an important target for reducing carbon emissions [1].

In 2010 there was the EPBD recast [2]. After the recast and in order to clarify some of the changes,
the European Commission released the Commission Delegated Regulation N°244/2012 that
establishes a comparative methodology framework for calculating cost-optimal levels of minimum
energy performance requirements for buildings or its elements [3].

In Portugal most of the building stock has already more than twenty years old and have poor
energy efficiency due to old constructive solutions [4]. Thirty percent of the national building stock
needs renovation [5]. To check the potential of renovation in a Portugal one case study was
analysed. This case study represents the national building stock, in a certain period of time.

The building is part of an Oporto city social housing neighbourhood and is currently into renovation
process and has already some energy improvements in its envelope.

The base solution included insulation in all the elements apart from the floor and was the base for
comparing the renovation measures into analysis.

2. Methodology

To understand what is the impact of this improvements is necessary to determine the energy needs,
for heating and cooling. The DHW weren’t part of the analysis purpose.

The energy needs were calculated based in the Portuguese thermal regulation (RCCTE) [6] in
accordance with ISO- 13790. The renovation measures included different insulation materials and
different positions in the building’s element. The analysis was made in a private perspective, which
means the global costs include the initial investments, energy costs and maintenance, considering
the discount rates. The carbon emissions costs are excluded. The balance between the energy
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needs’ reduction and the lowest costs gave the cost-optimal solution for each building element, for
a thirty years building’s life cycle. The elements’ cost-optimal solutions were also analysed with
different heating/cooling systems.

3. Results and conclusion

The analysed solutions are better than the applied ones which are the common renovation
measures in the Portuguese market. Table 1 summarises the cost optimal solutions.

It was considered the existence of an air gap underneath the floor slab. This first results were
obtained considering an electric heater for heating and an air conditioned for cooling. This are the
reference solutions defined in the Portuguese thermal regulation.

Table 2 shows the results using the cost optimal solutions when varying the heating/cooling
systems.

Table 1 Summary of the most profitable solution on each buildings’ element

Element Wall Roof Window Floor
Most profitable *EPS in the inside + Keep the existing on + PVC *RW underneath
solution plasterboards *RW/GW + Asphalt shingle frames the floor slab

*EPS - Expanded Polistyren; RW — Rock Wool; GW — Glass Wool

Table 2 Summary of the cost optimal solutions with different heating/cooling systems

Equipment Wall Roof Window Floor
Electric heater 450mm *EPS 120mm *RW PVC 4+16+6 100% Argon 140mm*RW
and cooler
Gas boiler 120mm *EPS 100mm *RW PVC 4+16+6 100% Argon 60mm *RW
Heat Pump 80mm *EPS 80mm *GW PVC 4+16+6 40mm *RW

The cost optimal solution are all better than the actual solution.

More efficient heating/cooling systems allow thinner insulation thicknesses. The only element that
didn’t have insulation was the floor, therefore, it suffered greater impact in the energy reductions.
Despite being a reference building, the results can’t be entirely applied to another buildings, from
the same time scale as this one, because it has a particular situation involving the floor.
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Introduction

State-of-the-art studies indicate that the biggest energy saving potential in Serbia lies in the
residential sector. Most of the existing residential buildings in the country characterize poor thermal
properties of building envelopes. Retrofit strategies which are applied in recent years vary from
value retention to partial renovation. Energy conservation, inner comfort and summer overheating
are concerns for the households in Serbia, where more than 2/3 of the population lives in houses.
In order to improve energy efficiency and thermal comfort in detached houses in Serbia,
appropriate retrofit strategies have to be considered. We conduct our research to evaluate energy
saving potential, cost-effectiveness and thermal comfort during the summer of three retrofit
solutions for a representative house in Serbia.

Methodology

A case study research was employed as a primary methodology, while simulation in relation to
experimental research (defined by Groat, 2002) was the most dominant research tactic. Two
simulation tools were used: (1) Euro-WAEBED for calculating heating demands and (2) GEBA for
summer conditions estimation. The representative model of the detached house from 1970’s was
simulated in Belgrade. Our model was selected from a database of typical housing designs from
70’s and 80’s in Serbia. This is because more than 60% of total housing stock in Serbia emerged
in the period 1960-1990. Proposed retrofit solutions improved thermal properties of building
envelope by insulating external building components and by replacing old doors and windows.

Results

Three building-envelope retrofits were evaluated from the socio/economical/environmental point of
view. The results derived from the simulations depict applied retrofit measures by following
parameters: (1) energy savings; (2) cost-effectiveness; (3) inner comfort in summer. The
representative house showed good energy saving potential. With three variants of building
envelope retrofits, we achieved the energy savings from 34% to 72% (Figure 1.). The effective
retrofit for detached houses in Serbia has to take into account critical summer conditions. Changes
in inner comfort under different renovation scenarios are shown in Figure 2.
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Considering analyzed retrofit scenarios, we propose the most appropriate solution for the detached
house in Serbia. Because our chosen model regards numerous similar detached houses in the
country, the outcome could be used as a first step for refurbishment of these houses. We may
recommend that for the refurbishment, house owners and planners do similar economical and non-
economical assessment and chose appropriate retrofit measures for a particular house.

Proposed retrofit strategies could be applied trough partial or comprehensive renovation of the
typical detached houses in Serbia. We especially address the social/economic/environmental
issues, because are of particular importance for the tenants who invest in retrofitting.
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Extended abstract

The building sector is a crucial sector for a sustainable development. It accounts for a large
amount of land use, energy and water consumption, air pollution and impact on climate change. In
order to reduce the energy consumption of existing buildings, the ‘EFFINOV Bois' research
program, a French National Research Agency (ANR) project, suggests to bring industrialised
technological solutions using wood systems. These wood based multifunctional complexes can be
used within the framework of retrofitting of facades. The project aims to analyse the potentials of
using a light framed wooden structure renovation technique on an existing heavy structured facade.
To measure and to demonstrate the environmental progress obtained after the installation of the
developed solutions, an environmental analysis has been conducted in a rigorous, quantitative,
and comprehensive approach based on Life Cycle Assessment (LCA). LCA is a standardized
methodology (ISO 14040 and 14044 standards) based on a quantified inventory of impacts
sources such as material, water and energy consumption, waste generation and discharges of
pollutants in water, air, and soil. From this inventory from cradle to grave, environmental impact
indicators are computed according to NF P01-010, the French standard for environmental building
products declaration.

In this study, environmental impacts of the building before and after renovation have been
estimated with ELODIE, the building LCA tool developed by the French Building Institute CSTB.
The environmental benefit of the renovation solutions has been calculated by making the
difference between impacts of the building renovation solutions (materials production, transport,
construction, use and end-of-life) and reduced impacts of lower energy consumption during the
renovated building lifetime. Four renovation solutions have been developed: low cost, high thermal
performance (HTP), very high thermal performance (VHTP) and all-wood. To connect these
solutions to the existing building, two types of support were considered: a facade connection (FC)
or a ground connection (GC). All solutions have been adapted to an existing university building for
simulation. Three types of building use have been considered for energy consumptions modelling:
public assembly building (PAB), tertiary building and housing building.

In order to compare the impacts of renovation solutions developed with those of non renovated
building, 27 cases have been studied:

Table 1: Studied cases

Building without renovation BAP Tertiary Housing
BAP low cost Tertiary low cost Housing low cost
Building after renovation, _BAP HTP Tertiary HTP Housing HTP
facade connection BAP VHTP Tertiary VHTP Housing VHTP
BAP All wood Tertiary All wood Housing All wood
BAP low cost Tertiary low cost Housing low cost
Building after renovation, BAP HTP Tertiary HTP Housing HTP
ground connection BAP VHTP Tertiary VHTP Housing VHTP
BAP All wood Tertiary All wood Housing All wood

SB13 Graz



283

For the buildings without renovation, the study is limited to the heating energy consumption for the
building use for a p