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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.

4. References

[11 LONGWU WEI, ZHITAO LV, DAN GUO. “The Evaluation, Strengthening and Retrofitting of
building” [M]. Nanjing: Science and Technology Press of Jiangsu Province, 2006.

[2] BUILDING RESEARCH GROUP OF GREEN OLYMPIC. “Building Assessment System of
Green Olympic” [M]. Beijing: China Building Industry Press, 2003.

SB13 Graz



23

A2

Life cycle perspectives in a high quality
refurbishment - Part 1

Chair: Christian Hofstadler
Graz University of Technology, Austria

SB13 Graz



24

Critical Issues in Application of New European Standard EN15978 in
building refurbishments

Sté&pan Mangik
Ph.D. student
Czech Technical
University in Prague,
Faculty of Civil
Engineering
Department of
Buidling Structures
Czech Republic
Stepan.mancik@fsv.c
vut.cz

Ing. Julie Hodkova, Czech Technical University in Prague, Faculty of Civil Engineering, Department
of Buidling Structures, Czech Republic, julie.hodkova@fsv.cvut.cz

Ing. Antonin Lupisek, , Czech Technical University in Prague, Faculty of Civil Engineering,
Department of Buidling Structures, Czech Republic, antonin.lupisek@fsv.cvut.cz

Bc. Marie Vaculikova, Czech Technical University in Prague, Faculty of Civil Engineering,
Department of Buidling Structures, Czech Republic, marie.vaculikova@gmail.com

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
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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
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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.

SB13 Graz



55

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
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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 int