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SBE16 Hamburg - a brief introduction

~SBE16 Hamburg"“ is an international scientific conference on sustainable building that is part of
the Sustainable Built Environment Conferences series 2016/2017. The series is run by the Interna-
tional Council for Research and Innovation in Building and Construction (CIB), the International In-
itiative for a Sustainable Built Environment (iiSBE), the Sustainable Building and Climate Initiative
(SBCI) of the United Nations Environment Programme (UNEP), and the International Federation
of Consulting Engineers (FIDIC).

The conference series follows a ten-year tradition. Held in three-year intervals in different cities
around the world, the conference series has established itself as one of the major events in this
field. Following the World Conference in Barcelona in 2014, 20 regional conferences will take
place in 2016 to prepare for the next World Conference in Hong Kong in 2017 and bring together
thousands of players in the field of sustainable construction.

The title of SBE16 Hamburg, the regional conference in Germany, is ,Strategies, Stakeholders,
Success factors — Strategien, Akteure, Erfolgsfaktoren.” With this title SBE16 Hamburg ex-
emplifies what the general framework for sustainable construction must consist of and which
procedures, influences, interactions and stakeholders, in fact, need to be part of a successful
implementation. It focuses geographically on Germany, Scandinavia, Poland, the Baltic States
and Russia, and is aimed at scientists, architects, city planners and engineers, politicians, stake-
holders, the real estate industry, and municipalities.

The Scientific Advisory Board of SBE16 Hamburg is composed of more than 80 international
and recognized scientists and experts who evaluate independently and anonymously all sub-
missions to the conference and thus ensure the scientific quality of the event. Presiding over the
Scientific Advisory Board are Professor Thomas Liutzkendorf (Karlsruhe Institute of Technology),
Professor Peter O. Brown (HafenCity University Hamburg), and Professor Natalie ERig (University
of Applied Sciences Munich).

The multi-faceted program provides congress participants with the opportunity for intensive ex-
changes and knowledge gain and thereby also fosters experiences. The aim is to bring together
scientists, planners and representatives from politics and business to discuss science, policy and
practice with one another, thus contributing to a targeted and effective exchange of knowledge.

SBE16 Hamburg consists of various components: a combination of scientific knowledge, research
results, and examples of practical implementation and innovation. The conference planners have
made this possible by building into the agenda a diverse lecture program, ample opportunities for
communication and networking, and a varied menu of excursions.

The lecture program consists of plenary, scientific contributions, and, for German-speaking parti-
cipants, subject-specific theme days.

In the plenary opening by the event organizers, speeches and greetings will be given by re-
presentatives of the main sponsors of SBE16 Hamburg as well as German and international
representatives of the political and scientific arenas. The national political representatives include
Federal Minister for the Environment, Nature Conservation and Nuclear Safety, Dr. Barbara Hen-
dricks and the Second Mayor of the Free and Hanseatic City of Hamburg, Katharina Fegebank.
Nils Larsson (iiSBE) and Prof. Dr. Lutzkendorf (KIT) will cover the significance of this conference
series. Keynotes will be delivereyd by Professor Mojib Latif of GEOMAR Kiel and Hans-Dieter
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Hegner from the German Federal Ministry for the Environment, Nature Conservation, Building
and Nuclear Safety.

A program of outstanding speakers will accentuate once again the results of the UN Climate
Change Conference in Paris COP 21 and highlight key issues and challenges during the second
plenary session on Wednesday morning. Nils Larsson (iiSBE) will convey his impressions of his
participation at the Paris conference. He will be followed by Stefan Schurig (World Future Council)
on the impact on future cities and Dr. Harry Lehmann (German Federal Environment Agency) on
the consequences of the UN climate summit for the construction and property industry.

The scientific sessions will take place over the three main days of the event (Tuesday to Thurs-
day) with parallel sessions consisting of 10-minute presentations by national and international
researchers, whose submissions were reviewed and selected by the SBE15 Hamburg Scientific
Advisory Board. Around 150 papers from 34 countries will be presented, and each presentation
will be followed by a brief discussion. In addition, contributions in the form of posters will be intro-
duced in short talks at the end of some sessions.

The opportunity to network and talk with others is an essential part of SBE16 Hamburg. An
accompanying exhibition of industrial partners, ‘chat breaks,’” and various evening events and
excursions offer participants the chance to discuss scientific findings and link them with practice.

The exhibition takes place in the foyer of the HafenCity University, which forms the spatial inter-
section of all other activities of SBE16 Hamburg. Designed as a communication area, the space
allows visitors to learn about the innovations of the supporting partners.

Within the program framework, on Monday, Wednesday and Friday the interplay of lectures and
discussions will be rounded by several excursions. Through these conferences participants will
be able to withness examples of sustainable building in practice. The program includes excursions
to a variety of interesting locations and construction projects, such as the urban development
project HafenCity Hamburg, where the event venue - HafenCity University (HCU) - is located.

SBE16 Hamburg thematic focuses:
Strategies and frameworks for sustainable construction and sustainable urban development
Innovative concepts and case studies in sustainable neighborhood and urban development
Project development and sustainability
Application of sustainability tools and methods in the construction and property industry
Research on innovative materials and products
Expression of sustainability in education and training
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The program committee of the SBE16 Hamburg welcomes youl!

Prof. Dr.-Ing. habil. Thomas Litzkendorf,
Karlsruhe Institute of Technology (KIT), Head of the Scientific Committee

Prof. Dr. Natalie ERig, Munich University of Applied Sciences (MUAS)
Prof. Peter 0. Braun, HafenCity University Hamburg (HCU)

Both the planning, construction and operation of buildings in accordance with the principles of
sustainable development, and the further development of the building stock and infrastructures
to improve the quality of the built environment require the active involvement of all relevant sta-
keholders. Being dedicated to these topics, SBE16 Hamburg has a scientific program that is
specifically addressed, among others, to representatives from research and education and to the
staff of municipal administration, housing companies, and real estate and portfolio management
companies. The discussions of how aspects of sustainability can be integrated in the processes
of planning and decision making, of which strategies and solutions are available, and of how suc-
cess can be measured are the thematic continuation of the SB 13 Munich Conference. It is not
only the provision of calculation and evaluation methods, of design principles and design tools or
of new structural and technical solutions that decides on the success of sustainable construction.
As a matter of fact, the respective approaches need to be in demand, to be applied successfully,
and to offer clear advantages to the environment, society, and industry. SBE16 Hamburg tries to
overcome the traditional separation between science and practice. Contributions on the further
development of methodical approaches are complemented by presentations of practical examp-
les and analyses of experiences.

The international sustainable building conference series, within which Hamburg is the host city,
has developed its range of subjects and has clearly expanded its focus to comprise all aspects
of the design of a sustainable built environment. SBE16 Hamburg caters to this development by
offering a program emphasizing a sustainable development in neighborhoods and urban districts.
This focus is supported by discussions of issues related to the interaction between buildings and
the grid. In addition, SBE16 Hamburg deals with the further development of national and compa-
ny-owned building stock to achieve the objectives of climate protection and with the sustainable
planning, construction and operation of civil engineering structures and constructed assets.
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We are pleased that we will be able to benefit from many contributions by young researchers and
PhD students. Whereas it becomes clear that the issue of sustainability is rather widespread in
research and practice, future generations of specialist and executive staff may profit from some
sessions dedicated to the integration of aspects of sustainability into the further education of pl-
anners, real estate agents, and specialists for property evaluation.

The conference is the perfect platform for scientific exchange between national and international
participants. The results of inter- and transdisciplinary research projects with partners from sever-
al countries are presented in various contributions, and international experience is communicated.

We are very grateful to the members of the International Scientific Committee who have ensured
the scientific quality of the conference by participating in the preparation and holding of SBE16
through reviewing papers and taking over organizational tasks.

We wish all guests and participants successful days and interesting encounters while being in
Hamburg.

Thomas Lltzkendorf, Natalie ER3ig, Peter Braun
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30 years after — case study of “Okologische
Gemeinschaftswohnanlage Nofels” (ecological housing cooperative Nofels)

Walter Unterrainer
Professor

Aarhus School of Architecture
Denmark

walter.unterrainer@aarch.dk

Summary

The study investigates an autonomous housing project for eleven families in Feldkirch/Austria®.
This project combines a radical mix of societal alternative, typological innovation and tectonic
efforts.

The project addressed four key design objectives: ‘radically cost efficiency”, “ecological ap-
proach’, “individual homes in a communal frame” and the possibility of developing an adaptive
“self-build” system. All four objectives required a strong tectonic strategy.

"Ecological buildings” of the 80°s had a stronger focus on "natural” materials and healthy indoor
climate than on energy consumption. Innovative structural connections, thin slabs of massive
wood, ‘“Trombé walls”, were implemented with sophisticated details. Another unique aspect was
the incorporation of individual and bivalent hypocaust heating systems into each unit.

The roles of the architect of this dwelling included and combined those of designer, mediator,
mastermind for overcoming legal obstacles, accountant, supervisor and building instructor.

The aim of this paper is to compare how the original design, the group processes and the execu-
tion of the housing estate performed over three decades and it draws conclusions for self build
projects in the present, which seem to have a renaissance in different countries.

Keywords: communal housing, ecological building, low-cost, adaptive, self-building

1. Introduction

In winter 1985, five young families in Feldkirch/Austria started the idea of building a joint housing
project that fulfils their wishes:

* living individually in a communal frame

* living self-determined in respect to the formation of their home

+ living “ecological’,

*  building as economic as possible

The author of this paper was selected as the architect, having had experience in participatory
design projects before.

After placing an ad in a local newspaper, 22 families came to a first meeting. They all had in
common a lot of dreams, many ideas for a more ecological life-style but no building site or rele-
vant money and savings.
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For a design strategy it became clear from start that only a very flexible, resilient and
adaptive tectonic concept could merge the individual and individualistic desires (in size of as
well as in standard of the home) with the needed radical low-cost approach and the “ecological
program’.

During the preparatory discussions, the concept of “growing and shrinking house” was presented
to the group. Three different sizes of start-up homes with 95m2, 110m2 and 130m2 were pro-
posed — all of them with the capacity to be extended and all of them also separable into two
smaller apartments. The smallest standard house should not cost more than 600.000 ATS (total
price including land). More informative: in 1985, this was about 50% of the regional market price
for a conventional home with the same size.

It took eight months until a scouting group spotted a site in the boundaries of Feldkirch. The site
had 3225 m2 and it was inexpensive due to its geometry: the length of 150 meter and the width of
only 21.5 meter did not make it interesting for investors or building companies. A car access to the
center was economically impossible. This was an advantage for our group, where car-free access
was on the ecological agenda anyway (Fig 1).

-4 R

Fig. 1 The long site is situated close to a beautiful forest in an area, were only space consuming
one-family homes existed. There are carports at the eastern and the western end of the site with
no car access to the units. The project is structured in 6+3+2 units, connected by a 105 meters
long corridor in the north. The gaps are partly filled with a community house and an office.

In the following collective design and decision processes, the number of families reduced to elev-
en. Some did not like the area, others got scared in the last moment of the needed efforts of such
a communal undertaking and its financial risks. The ones who decided to build together signed a
collective purchase contract and “started the adventure”?.

2. Methodology

This paper is a case study about this very political project and a reflection with special focus on its
tectonic aspects. It documents the project’s history, based on parameters decided by the group,
architectural drawings, the building process, comparative photos and interviews of six inhabitants.
It illustrates problems and contradictions during the process of design, building and habitation. It
presents and discusses the changes that happened over time and thereby it focuses on the tec-
tonic aspects which supported these changes.

The project was explicitly designed for change and adaptation. How did this change happen and
how fit was the concept?  How many of the visions were followed over time and how did the
building respond to the changes?
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After the experience of almost 30 years, the comparison between the initial ideas and design with
the status of 2015 on different layers seems to be very fruitful for ongoing discourses on adaptabil-
ity, life cycle design and self-determined housing forms, which are recently developing in many
places®. Considering this frame, “Okologische Gemeinschaftswohnanlage Nofels” is a critical case
having strategic importance in relation to the discourse on habitation.

3. Results

3.1 original design parameters

After discussions of almost a year, the general group agendas of ‘communal + self-determined +
ecological + low-cost” turned into 39 design parameters, such as common spaces for group activ-
ities and children, no fences between gardens, self-administration, unsealed surfaces, natural
building materials or cost optimization by self-building. They had to be set into context of the spe-
cific site and they became binding guidelines based on protocolled group decisions.

Originally, the whole project was designed with (cheaper) flat roofs and a roof garden to compen-
sate the generally small private gardens. As there was no chance to get building permission for
this proposal, the 45 degree gabled roof was offered as a compromise to what was called by
building authorities “customary in place” (Fig 2). The owners later considered this forced change
as an advantage despite original higher costs: In seven units over time, the attics turned into
additional habitable space.

e

Fig. 2 left: view from East with private gardens d its iniidally coloured to the south rght:
view from North-East showing the communal access with the connecting corridor which was
designed as a multifunctional space with 261 cm inner width. (Pictures taken 1989)

3.2 the structure and the logistics or the tectonics of "Fiigen und Fugen’

"Fugen” is an old German word and means “join together” or “fit into each other’. The meaning is
not limited to a technical connection but includes a strong metaphoric and figurative content. The
notion of “fugen” is not only used for describing a process where timber meets timber or timber
meets brick. It implies in a wider tectonic sense how design decisions and technical solutions relate
to the objectives of “ecological’, "low-cost’, adaptive” and especially to “self-building”. In that sense,
“fligen” has a wide aspiration.

One example in the Nofels housing project is the stairs — a mix of industrially prefabricated parts
designed for self-assembling. The prefabricated steps are cheaply produced of only 3mm bent tin,
hanging from the beams that support the wooden slab. They are easy to assemble by amateurs
with ten screws each step and the round steel bars form at the same time the railing of the gallery.
The shape and the thin materialization optimize the useful space underneath the stairs. Loose and
small coconut fibre carpets reduce noise and make the stair non-slip. According to newer building
regulations, the wide distances between the vertical bars would be illegal (Fig.3).
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Fig.3 hanging stair of inexpensive and adjustable steel elements, screwed in glulam beams

The eleven homes were designed in a rigorous ‘tartan grid” of 261 cm + 12 cm for primary
structure. The measure system generates a total footprint of each individual unit of 8,07 x 8,07 m
or 65 m2/floor when fully built. The "mirroring” size of ground floors and the 64 m2 gardens has
been considered by the group as a good balance between space quality and economy.

The grid with a maximum span of 261cm allows a very cost effective slab in not-laminated
massive wooden floor boards d=6,5 cm, double-tongued and grooved, not polished. These
thin (and easy to cut ) slabs reduce the total building volume (and therefore costs) by
minimizing building height. It is an easy system for self-building the interior of the units after
professional companies had built the masonry and the structural skeleton. (Fig. 4)

Fig.4 1 foundation 2 concrete bricks 3 thermal brick 38 cm 4 acoustic brick 2x18 cm with
insulation in between 5 u-steel profile with fish plates for slab 6 glulam posts 12/12
7 glulam beams 12/24 8 glulam beam 12/24 9 rafter frames 10/18 + 2 x boards 5/12 10 thin
slab of massive wooden boards d= 6,5 cm, double-tongued and grooved, not polished
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Traditionally, brick construction was and is the cheapest form of construction in Austria. So for cost
reasons, as much brick as possible was used for enclosure (mainly walls to the north and
sound insulated brick walls between the homes) and as little brick as possible for optimizing
flexibility and changeability. This unorthodox “hybridisation” between massive walls in brick, a
wooden skeleton structure with massive wooden slabs and a low-tech “curtain wall" to the
south - although having strong advantages in indoor comfort, flexibility and cost reduction -
created significant challenges on the level of detail, especially because of the very different
tolerances in measurements between brick, timber and facade elements. The primary grid was
rigidly applied without structural exceptions, also when colomns were positioned in the outdoor
space. This further means there are freestanding columns in the living rooms (Fig 5), a reason for
long discussions during the design process but no complaint after finishing the buildings.

Fig.5 left: hand-drawn plan of upper floor of the smallest unit with loggia, outdoor colomn and
balcony. Red = brick, brown = wood. Centre: loggia of the same house Right: living room with
freestanding colomn in the space and unpolished slab. (pictures taken 2015)

Following the concept of "growing houses’, even the 261 cm wide northern corridor called
"Nordgang” was constructed for possible extensions. The owners of house eleven built a Sauna
and a resting room after ten years (Fig. 6). Instead of the original fence, a new wooden wall (with
prolonged roof) obstructs the view to his private garden.

ig. 6 Northern corridor 1988 and 2000 with vertical extension and transformed fence to wall
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3.3 changing economy — changing values

After the houses were inhabited and over time, most inhabitants got better jobs* with higher
incomes. Their actual costs for paying back the loans were as low as the rent for a medium
sized apartment - the project was an economic success.

This rise of incomes was not without behavioral consequences: Besides making the smaller house
bigger along the predesigned options and doing individual upgrading of interiors, a minority started
to pressure the group for “upgrading” the common spaces contrary to the original group decisions.
One example is the pavement and asphalt of the common access (Fig. 7). The ecological paradigm
of “unsealed surfaces for free water infiltration” was given up in favor of “tidiness’.

Fg. 7 left: access 1988, unsealed, roug andjungle-like Center and left: access ~ tidied” by a
pavement and “sterile” asfalt with "domestisized” pot plants (picture taken 2004)

Another fiercely disputed change was the transformation of the common “northern corridor’. By
group contract, this "Nordgang” had to be an open-plan connecting space. It performed as a
meeting space, a dry storage for fire-wood, a space for plants, bicycles and buggies and it
especially was a fantastic all-year playground for children® with their tricycle races, pedal car trips,
table tennis competitions or simple quarrels. The main argument for closing the corridor came from
three families with already older children, who felt disturbed by noisy children and who claimed the
need of more private “manipulation space” outside their house. Finally after some years, in the
eastern part the corridor was divided into individualized buffer rooms. In the western part, the
corridor is still open due to a collective attitude of the people living there. (Fig 8).

Fig. 8 left and centre: still open part between house seven and eleven  right: closed corridor
Group agreements only make sense if their is also a clear strategy for executing them against
breaking minorities. A possible legal battle on the ground of the group contract was considered
less productive for neighbourhood than the acceptance of the breaking of this contract (pictures

taken 2014)
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3.4 the building materials and details

Apart from tectonic potentials and low-cost aspecte, all materials were considered to be "healthy
and providing a positive indoor climate. The U-value of 0,4 of the homogenous brick ("thermo-brick
with air-filled cavities and myriads of pores, generated by saw dust during the burning process -
no attached thermal insulation) is very high in relation to standards and regulations of today. But
the project is compact and 50 % of brick wall is in contact to the thermal buffer of the "Nordgang’,
which was always warmer than the outside temperature minima in winter. Additional, the thermal
storage capacity and the humidity balance of the brick is an asset for the comfortable indoor climate.

All facade elements were detailed with a special joint and a compressed rubber sealing so they
easily could be demounted and/or be reused in a changed configuration of the (growing) house.
This assembly detail proved to be very successful and still simple. Five families changed their
windows to windows in passive house standard (U-value glass+frame < 0,8) over the last four
years. Due to the original assembly detail, the windows could be changed in only one working day
and no other craftsmen were needed for finish. This was communicated as strong appreciation by
the owners and the craftsmen. (Fig. 9)

pore s i ey

Fig. 9 left: original detail of window connection to glulam colomn, with exterior profiles for electric
driven wooden shutters right: a new passive house window in wood with aluminum to the
outside. The outside floor in larch exists since the house was built. (picture taken 2015)

3.5 the heating system — part of the tectonic strategy

In the alpine climate of Vorarlberg, a reliable heating system is essential.

The most common heating system in Austria around 1985 for new buildings was a boiler fuelled by
natural gas with hot water circulation and radiators. For the group, three reasons made this heating
system not an option from start:

¢ the dependency from natural gas and the predicted price increase of non-renewable fuels
as well as their environmental impact

¢ a radiation heating with "warm objects” and radiating walls was considered as the most
healthy and comfortable form of heating

o Dbeside the idea of a resilient heating system (that also allowed heating and cooking in a
state of energy emergencies), the memory on warm stoves in old farmhouses was a
driving force for the design

Individual hypocaust heating was the selected solution. The central stoves as warm cores in each
house with a big “activity sofa” was a modern reinterpretation of “farmhouse romanticism” (Fig. 10).
This system was independent of fossil energy supply and gas prices and it allowed basic cooking,
using legally collected firewood from the nearby forest. Furthermore, all rooms in all floors could be
heated (in contrast to historic farmhouses). The system is truly self sufficient: No electricity,
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essential for pumps in water driven systems and for gas burners is required as the system works
based on stack-effect of warm air only. In addition, eight of the eleven houses got a gas burner
which was integrated in the same distribution systems. This provided the comfort of an automatic
system independent of handling fire wood on a daily basis.

\

Fig 10 left and center: elliptic hypocaust stove with “activity bed” in living room right: translucent
hypocaust wall in bathroom, made in profile glass, water resistent and used as towel dryer

These eleven heating systems were the continuation of a “controlled experiment” when it was
found out by testing that glass is one of the best materials for radiation walls, that industrial
earthenware pipes by geometry and thickness can be used for "heating sculptures” or that
the air- cavity inside a metal bath tub is enough for heating a bathroom. The whole system was
designed that in the cases of growing houses the added spaces could be connected to the
heating without hassle. The inhabitants are very satisfied with the comfort of the system and all
eleven houses still have the original stove and hypocaust elements.

3.6  the (self-) building activities and reusing/upcycling second hand building parts

The self-building activities of the group were one of the relevant aspects to keep the building costs
on the predicted level. A primary challenge was to define the borderline of liabilities: Contractors
would not take their legal liability if their work was "mixed up” by “amateur builders”. So the building
process needed clear logistics along these borderlines. This included the fact, that self-build
activities could not precisely be predicted in terms of needed execution time. Delays could give
contractors excuses for follow up delays or asking for financial extras.

Self building in this project included also integrating and “upcycling” of used or “waste” building
parts, long before the notion “upcycling” became common language (Fig. 11).

AL
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Fig. 11 as one example, the "nordern corridor” was built with windows and doors of demolished
buildings, giving the entrance area “second hand aesthetics’. Industrial waste like laser-cut steel
plates was transformed into a spatial element (pictures 2015)
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The most severe issue in the self building process was the relation between the group and its
individual members in terms of equality of contribution. It was obvious that there were big
differences in “productivity” of different group members due to their skills, building experiences,
physical shape and spare time. The group decided that each hour of each member has the same
value. All working hours were written in a list and at the end the ones who worked less had to pay a
financial compensation to the ones who worked more. This system sounds very simple but it
showed several traps7'

The group also decided that its members work equally and in all houses and do not prefer their own
unit in terms of intensity or precision of the work. All these decisions can be considered as
productive, alone the execution and the sanctions in case of non-solidary behaviour are the crux,
when a small minority of group members tended to ignore decisions in daily practice. In 2015
during the interviews with six group members it became obvious, how different participation on
group activities for self-building shaped strongly positive and life-long personal relations between
some neighbours and lead to conflicts with others.

4. Discussion

The results of the process and the use over time must be measured against the original objectives
and group agendas of “"communal + self-determined + ecological + low-cost’.

. the statute and the contract for such a project must be extremely clear, including sanctions
against violations. The closer the relation or friendship between group members (which is very
common), the more essential are precise and legal definitions: (unrealistic) high expectations
proved to turn into frustrations when for example self-building revealed contradictions between
image and performance of individuals. In this case, the statute was very clear and differentiated but
there was not enough clarity about the sanctions in case of infracting it.

. The adaptive design strategies, adaptive in relation to economy, tectonics, family size,
amateur building etc. was a key for the success of this dwelling over three decades.
. projects with strong participation and self-building are advised to engage an external (and

professional) mediator for conflicts. This should not be the architect nor the building supervisor who
is party with conflicting interests in the process.

. “Okologische Gemeinschaftswohnanlage Nofels” had an excessive tendency to support
the individualistic. Individual choices along individual budgets should be possible, but the
differentiation in standard was too wide for this low-cost project and produced a mountain of extra
administration and accounting.

. green spaces do not necessarily stay “green” over time

. some “healthy materials” showed minor problems: loose bulk cork in floors as thermal
insulation was a magnet for noisy field- mice, some died under the floor with 2 weeks of severe
smell. This was solved when a significant cat-population was living in different homes.

. self- made earth-insulation or earth-bricks are positive for indoor climate but needed much
more time to be produced than the group-members imagined. In general and as a rule of thumb for
self-building, untrained amateurs with not optimal tools and fragmented working hours need up to
four times longer for the same building activities compared to professional companies !

. A standardization of hypocaust elements with prefabricated chambers would lower the
costs and make them a more realistic alternative. In Nofels, experimenting time and development
costs were not paid but this idealism cannot be expected in follow-up projects.

After the eighties, by neoliberal tendencies and paralleled stronger individualization of the society,
group projects became “out of fashion” for some time. The difficulties, extreme efforts, risks and
practical problems of some of these groups and their projects supported this tendency. But there
are strong signs for a new and advanced generation of group housing projects in Austria and
Germany.
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5. Conclusion

The project has many layers to learn from: new homes in Austria became less affordable since
1987. Only between 1999 and 2004, the rents for apartments have gone up by 30% or 5,35% year®
while the general inflation was average only 2%. Their environmental impact has not significantly
improved apart from marketing propaganda. Adaptability is still an alien concept for most of the
housing market.

“Okologische Gemeinschaftswohnanlage Nofels” is a success when looking at its tectonic concept
and realization, specifically concerning its performance for the “growing house”: Seven out of the
eleven units have grown over time in different ways, using the various horizontal and vertical offers
which were part of the original design.

Further there was no need for major maintenance. Seven of the houses have still the original first
colour coating on the wooden facade, there was nowhere a need to replace the low-tech lime
plaster.

Despite different life situations, higher incomes and new family situations, the minor fluctuation of
the inhabitants is a clear indicator of high user satisfaction, which was also expressed in interviews
with the six owners: Out of eleven families, eight are still the original owners. One family sold the
house and moved to another place, two couples have divorced and sold the house. One buyer was
the son of an original group member, who together with his wife has four young children. Therefore
already the third generation lives in the housing estate and after a period of grown up children
leaving their parents homes, again small children inhabit and enjoy the place.

The collective design-, decision- and building processes certainly have been exhausting over
some periods and provoked conflicts. But over time, the housing group was rewarded with high
living quality at extremely low cost for a life time and lasting friendships. Above all: What’s the point
to live in a city or town if you don’t interact with your neighbours?
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Summary

Development of the cities and growing population significantly change the natural water cycle in
urban districts and consequently increase the amount of runoff water which results in higher flood
risks. For mitigating the negative impacts of urbanization on runoff, rainfall water harvesting (RWH)
is proposed and applied in several regions for reducing the amount of runoff. In this study, the RWH
by installing storage tanks and the methodology for studying its effects on runoff are introduced.
The main objective for this study is to quantify the effect of applying RWH on reducing the pressure
on the existing drainage system in order to avoid the necessity of renewing the existing drainage
infrastructures. The methodology is applied on a small catchment in East Guzelyurt, Northern
Cyprus as a case study, in order to investigate the effectiveness of RWH for this region. The results
show that considering a 6 hour rainfall with a critical intensity of 30 mm/hr, for the selected
catchment the runoff can be reduced up to ~15% in first 2 hours; however before the peak rainfall,
the storage tanks get full and the runoff is not significantly reduced for the next 4 hours. The results
show that RWH by installing storage tank in residential buildings for this catchment is not sufficient
for reducing the amount of runoff and other harvesting methods should also be considered.

Keywords: Rainfall water harvesting, sustainable development, source control, peak discharge.

1. Introduction

Under natural conditions water cycle includes precipitation, infiltration, surface runoff and
evaporation. Development of the cities and growing population significantly change the natural
water cycle by mainly interfering in evaporation and infiltration stages; hence higher amount of runoff
water would be exposed to the conventional water management systems. The changes in water
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cycle not only increase the flood risk but also adversely affect the quality and quantity of the
available water for different applications. The main reason for having higher runoff is the
impermeable surfaces in the cities, causing lack of infiltration and rapid discharge to the public
drainage system. Comparing to the rural district in which impervious coverage may only be 1% to
2%, in urban areas these numbers would increase to 10% in low density urban, 50% in multi housing
communities, and 90% in dense metropolitan areas [1]. This defected cycle finally results in negative
impacts on ground water recharge, the quality and quantity of water and urban climate. The quantity
impact refers to increasing in flood peak and flood volumes and quality impact is associated with
the higher pollutant in runoff in comparison with secondary treated domestic wastewater [2]. In
addition, recent observations on climate change are another challenge for stormwater management
in urban areas. As a result of the global warming, unusual extreme events are happening at different
locations on the earth and the conventional systems are unable to manage them. The conventional
water management systems are not designed for such extraordinary extreme events and this
increases the risk of flooding, hence it is clear that the conventional water management systems
are neither sustainable nor adaptable to the climate change [1].

Considering all these issues shows an increasing demand for sustainable development in cities and
necessity of a real change in water systems infrastructures. For mitigating the negative impact of
urbanization on water cycle and ecology, a sustainable and decentralized water management is
highly demanded. Rainwater Harvesting (RWH) is one of the common techniques of the
decentralized method for stormwater management which has practical advantages in reducing
service demand and consequently diminish the cost throughout the time by saving resources and
energy [1]. In other words, it is a promising approach towards supplementing water scarcity in areas
that water resources are inadequate. There are several studies on investigating advantages and
disadvantages of applying RWH as a sustainable solution to conventional water management
systems.

In a study done by Aladenola and Adeboye in (2009) [3] it is stated that by harvesting rainwater in
Abeokuta it is possible to meet the monthly demand for flushing and laundry in residential area
except in December, January and February. Moreover, it is mentioned that the highest potential for
water harvesting is in June and September which is the rainfall peak period in Southwest Nigeria.
In another study done by Petrucci (2012) [4] the effect of rainwater harvesting on runoff is analyzed
to investigate the potential of RWH technique for stormwater source control. In an urban catchment
with 23 ha area in east of Paris, 1/3 of the private parcels have installed rainwater tanks and the
rainfall and runoff were measured before and after tank installation. The results showed that the
installed rainwater tanks could affect the runoff for usual rainfall events but are too insufficient to
prevent sewer overflows in case of heavy rainfall events. Additionally, in a study that investigated
the rainwater utilization in Germany which is done by Herrmann and Schmida (2000) [5] the
objective is mentioned as quantifying the effect of rainwater usage on urban drainage system and
the results showed that rainwater usage system can significantly reduce the water consumption and
drainage water. In addition, for overflow events it is mentioned that the high specific service water
consumption which mainly occurs in multi-story buildings and high population density will lead to
reducing or even eliminating overflow runoff. Gilory and MacCuen, 2009 [6], investigated the effects
of location and quantity of cisterns and bioretention pits on stormwater runoff for various return
periods and different land uses. They suggested the general trend for locating cistern and
bioretention as:

e The importance of efficient volume in controlling peak discharge.
e Locating bioretention in drain pervious surface would be less effective than impervious
areas due to partial reduction in runoff rates and volume in grassy areas.
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o Effectiveness of cistern and bioretention are highly dependent on the return period of the
storm event.

¢ In large impervious areas with high intensity of rainfall cistern and bioretention should be
located in series while for small areas and frequent events it is better to locate them
independently.

e Design volume for cistern and bioretention can be based on controlling peak discharge or
volume controlling [6].

In another study for investigating the effectiveness of RWH for Northern Cyprus, Okoye et al (2015)
[7] investigated the optimum tank size of a single residential housing unit for rainwater harvesting.
They considered a specific rainfall profile, a constant water consumption rate per capita and an
assumption of average rooftop area and performed their analyses based on linear programing. The
proposed model was applied on the cities in N. Cyprus and the feasibility of applying RWH as a
solution for rehabilitating depleting aquifers has been investigated.

In the current study, the methodology for investigating RWH by installing storage tanks for the
residential buildings in small catchments is introduced. This methodology is general and can be
applied on any region if the data are provided. In this study, a small catchment in East Guzelyurt,
N. Cyprus is investigated as the case study for the introduced methodology. Guzelyurt is a small
city with 19800 population and old urban design which has a conventional separated sewerage
system. This area recently faced flood situation in urban areas and caused serious problems such
as damaging the buildings and main roads. The last flood situation happened in this area was in
January 2010 after a dry period which was observed in Cyprus in 2007 and 2008. The sewerage
system in this city has not been designed for such extreme events and needs some retrofits.
Moreover, not only discharging water from urban area is an essential process, but also harvesting
this water for different purposes is required since this area is suffering from water shortage and
decreasing water ground level. The methodology introduced in this study is based on a typical
rainfall pattern and the assumption of constant water consumption per capita.

2. Methodology

To accomplish the objective for this study and find the effects of applying RWH techniques on the
runoff water generated from a small catchment, it is necessary to investigate the catchment surface
characteristics, rainfall characteristics and water consumption of each dwelling. A small catchment
located at East Guzelyurt which includes different land use characteristics is chosen to be studied
based on the methodology given in this section. This catchment is selected since the required data
for this study were available for it. The characteristics of the catchment are analyzed and the total
amount of runoff water from the studied area is calculated based on rational method [8]. The rainfall
characteristic of the region is assumed to be compatible with 6 hour rainfall SCS type II hyetograph
[9]. Additionally, the dwellings in the residential section are categorized into 6 batches based on the
rooftop area sizes. For simplicity of the study, the water consumption is assumed to be constant
and different tank sizes are used for different dwelling categories.

2.1 Analyzing the studied area

Figure 1 shows the selected catchment for this study which is located at East Guzelyurt. The area
of the catchment is 491193 m? and the average slope is 1%. This area has not been completely
overtaken by constructing buildings yet and the main portion of the catchment is orange gardens
and bare lands. The characteristics of the catchment is investigated by developing the orthophoto
map using AutoCad software. The ortophoto map is developed by integrating the photos from
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Google Earth software and the road map of Guzelyurt. Based on the developed orthophoto map the
rooftops were selected individually as shown in Figure 1. Moreover, the statistical analysis for finding
the number of dwellings in each rooftop category is performed using Arc GIS software. In addition,
the surface characteristics in different parts of the catchment are also identified using the generated
ortophoto.

-ii J

Figure 1. Dwellings are categorized based on the rooftop size for the selected catchment,
Guzelyurt, N. Cyprus

2.2 Rainfall characteristics

The rainfall hyetograph is synthetically generated using 6 hours SCS type Il hyetograph [9]. The
critically high rainfall intensity is assumed as 30 mm/hr based on the precipitation characteristics of
Guzelyurt which is obtained from the measured data provided by the local authority, and the total
rainfall is calculated for a 6 hour period. Using these data as the input the hyetograph is generated
in order to illustrate the rainfall intensity at each time step.

2.3 Runoff from the catchment

According to the surface characteristics of the catchment area which is analyzed by using
orthophoto maps, different subareas are listed based on their surface properties and land use and
the runoff coefficients for each subarea is determined in order to use the rational method. Moreover,
the peak runoff is computed using Equation (1) [8]

Qp = 02781 Y, Ci4; 1)

where Qp is the peak flow rate in m%/s, i is the average rainfall intensity in mm/hr, A4 is the drainage
area in km? and C is the runoff coefficient which is dimensionless.

2.4 Runoff from roof tops

The volume of rainwater that could be harvested from rooftops is determined using Equation (2)
[10],

_ RXTRAXR,

1000 @
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where VR is the volume of rainwater in m? in specific time step, R is the rainfall intensity in mm/hr,
TRA is the total roof area in m2, R is the runoff coefficient and 1000 is the conversion factor from
mm to m.

2.5 Consumption

Based on a study done by Okoye et al [7], consumption in Cyprus is 0.125 m3/day per capita. Since
in this study the consumption is assumed constant at each time step hence, the daily consumption
is converted to hourly consumption by dividing it to16 hours of water consumption per day assuming
that water consumption is negligible for 8 hours in 24 hour. Additionally, for calculating the total
consumption in the region at each specific time step, it is assumed that the number of residents per
each dwelling is 5. The total consumption for each sub area is calculated by finding the total
population in the subarea and multiplying by the consumption per person.

2.6 Water harvesting

It is assumed that the RWH is applied using storage tanks for each dwelling at the sub catchment.
The rooftops of the dwellings in the region are categorized six different batches according to their
area. Different storage tank sizes are selected for each batch based on the most frequent rooftop
area in it. Considering specific tank sizes, cumulative amount of the water that can be harvested is
calculated while there is a constant consumption for each time step. This calculations are continued
till the tanks get full and then the runoff from the rooftops are considered to be disposed to the
sewerage system.

3. Results

3.1 Characteristics of the sub catchments

The results from investigating the orthophoto map of Guzelyurt show three types of land use for this
catchment which are presented in Table 1. The residential part is only 17% of the whole area while
the street and paved area are about 10% and 73% of the area is mainly fruit gardens, bare land and
wheat fields which are categorized as neighborhood area. The runoff coefficient for each of these
characteristics are extracted from typical coefficients for design with 5 to 10 years frequencies
(ASCE,1970) [8]. Moreover, the highest value for the range given for streets, asphalt and
neighborhood area is considered as a runoff coefficient to maximize the confidence level of the
study. The runoff coefficient for the rooftops in Guzelyurt is adapted from [7].

Table 1. Results for surface characteristics of the catchment

: C
Category of the Area Fraction of coefficient c Qv
surface (km?) total area (m3/s)
range
Roof tops 0.09 17% .75-0.95 0.9 0.57
Streets, Asphalt 0.05 10% 0.7-0.95 0.95 0.38
neighborhood area 0.36 73% 0.5-0.7 0.7 2.09

The total number of dwellings that is recognized from the photomap is 441 units which are
categorized in 6 series as shown in Table 2. As it is shown in the results, 44% of the dwellings are
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in the range of 100 m? to 200 m? and most frequent area in this range is the dwellings with 100 m?
area. Based on the most frequent area size in each batch, different tank sizes are considered to be
installed and the values are given in the table. The total installed tank size would be 2180 m?3.

Table 2. The categories for the dwellings

Area range for each category

<=100 100<A<=200 200<A<=300 300<A<=400 400<A<=500 500<A<=600

Number of

) 72 194 111 43 14 7
dwellings

Fraction of the 16% 44% 25% 10% 3% 2%
total (%)

Most frezquent 75 100 200 300 400 540
area (m?)

Tank size (m?) 2 5 5 7 10 10

3.2 Hyetograph

The volume which was deducted from the whole runoff by RWH is calculated and the equivalent
rainfall is obtained by deviding the total harvested water volume by the total area of the catchment.
The resulting hyetograph after RWH is compared with the hyetograph before RWH which is shown
in Figure 2. Since the rooftop area is just 17% of the whole catchment the reduction in runoff is not
significantly high, especially for the time when peak rainfall intensity occurs. Considering the total
runoff in 6 hours RWH from the rooftops reduce the rainfall intensity by 2% in six hours of rain fall.
Additionally, Figure 3shows the percentage of reduction in each time step of the rain fall. After nearly
2 hours of rainfall the tanks get full and since the consumption is not significantly reducing the stored
water, the reduction in runoff drops significantly. After 2.7 hours the tanks are completely full and
there is no reduction in runoff. This shows the fact that similar to the results of the study performed
for RWH at a region in Paris [4], RWH in the storage tanks would not reduce the runoff water
significantly in case of high rainfalls with high intensity at this catchment. Nevertheless, the
possibility of RWH in small ponds for harvesting higher amounts of rainfall water should also be
studied.
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Figure 2. The hyetograph before and after rainfall water harvesting from the rooftops

39



International Conference on Sustainable Built Environment

16%

14%

12%

10%

8%

6%

4%

Rainfall runoff reduction (%)

2%

0% 6000000000000 00000000000000000000
0 1 2 3 4 5 6
Time (hr)

Figure 3. The reduction in the runoff after applying rainfall water harvesting from the rooftops

4. Conclusion

The effect of applying RWH in a small catchment on rainfall runoff volume was assessed. The
dwellings in the catchment are categorized into 6 batches based on the rooftop size and different
storage tank sizes are considered for each batch. The methodology was presented and applied to
a small catchment in East Guzelyurt, N. Cyprus. Results show that only 16% of the runoff from
rooftops is harvested considering 2180 m? installed tanks for the dwellings in the catchment. The
rooftops are only 17% of the total area in the catchment and the fraction of harvested runoff would
increase by escalating the tank size for each dwelling. Considering the small fraction for rooftop
area, the reduction in rainfall intensity after RWH was only 2%. The results show that in order to
influence the reduction in the amount of runoff water considerably, it is necessary to study and apply
other methods for rainfall water harvesting including the construction of larger storage capacities.
These storages can be constructed as the components of urban design such as ponds for the cities
and recreational areas. In addition, the effects of urban developing and land use change on runoff
volume would be investigated as the future study.
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Summary

Sustainability is being adopted into building codes at different levels of government and with vary-
ing motivation. The approach taken reflects local societal perceptions, political priorities, national
policies and economic factors. One early contributor to this process was the U.S. Green Building
Council’'s Leadership in Energy and Environmental Design (LEED) program. LEED was setup as a
voluntary program intended to transform the industry and can be seen as a success by a trend of
including sustainable design practices in building codes around the globe. The International Green
Construction Code (IgCC) is the basis for which most U.S. states can include sustainability in their
building codes, although there are exceptions. California, for example, has developed its own
program (CALGreen). The IgCC contains two options for compliance; the second being the appli-
cation of ASHRAE Standard 189.1, managed and developed by ASHRAE, USGBC and the lllumi-
nating Engineering Society. The adoption of energy performance standards also varies widely
across the U.S., while in contrast the EU is moving towards nearly zero energy buildings at the
end of this decade per various directives like EPBD and EED. The next several years will see
further modification in this process in the U.S. as the IgCC and Standard 189.1 will be merged.
This paper describes and compares the current status and trends of ‘sustainable’ building codes
adapted by individual political entities within the U.S. and the EU.

Keywords: High performance buildings, ASHRAE 189.1, LEED, EPBD, EPC

1. Introduction

1.1. Purpose of green building rating systems, standards and codes

During the past 20 years or so a movement has grown to develop programs that will help encour-
age and provide guidance in the inclusion of sustainability measures in the design, construction
and operation of buildings. Initially, these programs were setup as measures by which a building
project could voluntarily participate and achieve recognition for including recognized sustainability
concepts in the design. As the concept of ‘green buildings’ began to take hold, some jurisdictions
began to look for methods to make these sustainability measures mandatory rather than just vol-
untary. Thus began the quest within those organizations that develop and write standards and
building codes.
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The creation of standards or codes that will define a level of performance that must be achieved
before a building could be referred to as ‘green’ or sustainability-focused was thus identified as a
need within the industry. Due to the wide variation in economic, social, political and technological
conditions between the various countries and jurisdictions of the world, it is not surprising that
there will need to be a wide variation in the approach taken if we want to truly achieve the goals of
moving sustainable building design into the mainstream. This paper provides a brief synopsis of
the process that has occurred in this development and a description of the state-of-the-art in the
industry, particularly focusing on the United States and Europe and comparing the development in
these two regions. Various types of sustainability programs exist that are categorized as follows:

Rating Systems - A green building rating system is intended to provide a method whereby a
building project (or existing building owner) can voluntarily adapt a set of sustainability measures
that meet a pre-defined set of requirements. Examples of relevant green building rating systems
include BREEAM (Building Research Establishment Environmental Assessment Method) [1],
LEED (Leadership in Energy and Environmental Design) [2] and GreenGlobes [3], which are dis-
cussed in Section 2.

Guidelines — A green building or related guideline is a set of criteria that an outside entity has
defined as being design criteria or goals that the project should look to incorporate into their pro-
ject to minimize the overall environmental footprint of that project. Examples include the Ad-
vanced Energy Design Guidelines (AEDG) that ASHRAE (American Society of Heating, Refrigera-
tion and Air Conditioning Engineers) has produced with the backing of the U.S. Department of
Energy [4].

Standards - A Standard is a collection of criteria that are recognized within the industry as meet-
ing the acceptable requirements for a level of performance. The purpose of a Standard may be for
adoption as the basis of a building code, or just a level of performance by which a project should
be designed toward, i.e. ASHRAE Standard 90.1 [5] that is the basis of the energy codes within
the U.S.

Building Code — While the building permit and code compliance process varies widely across the
globe, there are some common factors. First, a minimum set of criteria must be established.
These criteria can be prescriptive or performance in nature. Prescriptive criteria are specific items
and/or specific methods to meet to demonstrate compliance, while performance criteria specifies a
goal to be reached and may be more involved, i.e. requiring building energy simulation modelling
to demonstrate compliance.

1.2.  Brief history of green buidling programs in the U.S. and EU

Various rating systems that have been developed by organizations around the world that strive to
indicate how well a building meets prescribed requirements and to determine whether a building
design is green and to what level. They all provide useful tools to identify and prioritize key envi-
ronmental issues. These tools incorporate a coordinated method for accomplishing, validating,
and benchmarking sustainably designed projects. As with any generalized method, each has its
own limitations and may not apply directly to every project’s regional, political, and owner design-
intent-specific requirements.

Building rating systems, e.g. LEED and BREEAM, are used throughout the world [6] to assess
and rate a building’s environmental performance by awarding some form of “credits” for various
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categories (e.g. environment, society, economy). Depending on their features, there are several
pros and cons [7]. Other efforts also focus on labelling the buildings’ energy performance, which
are discussed later. Information on worldwide practices for building energy performance ratings
and disclosures, examples of labels and certificates are available from [8].

2. The U.S. Path to Date
2.1. The U.S. Green Building Council’s LEED rating system

The rating method primarily used in the United States is the Leadership in Energy and Environ-
mental Design (LEED) program [1]. A LEED Silver certification is required by at least 16 states for
public buildings and any LEED certification is a required option for state buildings in a majority of
states [9]. LEED was created by the U.S. Green Building Council (USGBC) in 1998 as a voluntary,
consensus-based, market-driven green-building certification system. It evaluates environmental
performance from a “whole-building” perspective over a building’s life cycle, providing a numerical
standard for what constitutes a green building. LEED has been applied to numerous projects over
a range of project certification levels, and its use has grown rapidly over the past several years.
Rating systems have been developed for a variety of specific building types (e.g. building core and
shell, and commercial interiors for project developers and tenants (respectively), as well as
schools, retail, hospitality, data centers, warehouses and health care, and homes).

2.2. ASHRAE Standard 189.1 and the International Green Construction Code

Soon after the LEED program was initiated in the U.S., some jurisdictions began to include
achieving LEED certification (of a specific level) as part of their building permitting and code pro-
cess. This was never how LEED was structured, and thus in 2006, ASHRAE (in conjunction with
the USGBC and the Illuminating Engineering Society (IES) began a process to create a standard
that would address a growing need within the industry for a code-language document for green
buildings suitable for adoption as part of building codes. The ASHRAE 189.1 Standard for the
Design of High-Performance Green Buildings [10] was developed during a more than three-year
process with extensive public review and was initially published in early 2010. This Standard
includes mandatory criteria in all topical areas (e.g. site, construction, materials, energy, IEQ,
water,) and provides for two compliance paths. The prescriptive path includes simple compliance
criteria; simple in the sense that they are more like a checklist of technologies or system require-
ments. The performance path is more complicated in that it requires additional analysis to verify
that compliance is indeed achieved. Soon after the initial release of Standard 189.1, ASHRAE and
the International Code Council (ICC) reached an agreement whereby the standard would be in-
cluded as an appendix to International Green Construction Code (IgCC). The IgCC [11] is a model
code that includes sustainability measures for the entire construction project and its site, i.e. from
design through construction, certificate of occupancy and beyond. It was released in March 2012
and it specifies Standard 189.1 as one compliance option. The project team has a choice for com-
pliance: they can comply with the IgCC or with Standard 189.1. In the U.S., it is the codes devel-
oped by the ICC that are what the various states and local jurisdictions adopt as their building
codes.

2.3.  Other green building rating systems and codes

Another rating method being used in the U.S. since 2005 is the Green Globes program [3]. It was
based on the Canadian Green Building Initiative (GBI) to promote green building guidelines for
residential buildings that, in turn, like LEED, was originally based on the UK BREEAM rating sys-
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tem (discussed in section 3.1). While both aim to help a building owner or designer develop a
sustainable design, Green Globes is primarily a self-assessment tool (although third-party as-
sessment is an option) and also provides recommendations for the project team to follow for im-
proving the sustainability of the design.

In 2010, the state of California adopted its own state-wide green buildings code, termed
CALGreen, and an updated version issued in 2013 went in effect in January 2014 [12]. One
unique item of CALGreen is that there are criteria for both residential and non-residential buildings
in the same program. In most other situations in the U.S., residential and non-residential building
codes are based on separate documents and standards. CALGreen also contains a combination
of both mandatory and voluntary measures for each category of building.

One additional building rating system to mention in the U.S. is the Energy Star program for build-
ings. For a commercial building to earn the Energy Star designation, the building is first rated
using an online “Portfolio Manager” tool [13]. The Portfolio Manager system is the rating tool of
choice for several cities that require energy benchmarking (e.g. New York, Seattle and Boston, as
discussed in Section 2.5), as well as the Canadian government’s national energy benchmarking
program.

2.4. ASHRAE bEQ rating system

ASHRAE's Building Energy Quotient (bEQ) [14] is a new building energy labelling program that
allows the industry to focus on opportunities to lower building operating cost and make informed
decisions to increase value. This program was fully launched in 2014. The bEQ label includes the
"As Designed" rating of the building’s potential energy use, and the "In Operation” rating of the
building’s actual measured energy use as influenced by the building’s occupancy and use.

The bEQ program provides information on the potential and actual energy use of buildings. This
information is useful for: building owners and operators to compare against peer buildings; build-
ing owners to differentiate their building from others to secure potential buyers or tenants; poten-
tial buyers or tenants to gain insight into the potential long-term building cost; and operations staff;
e.g. to inform their decisions regarding maintenance activities.

2.5. Energy benchmarking and reporting

Similar to the adoption of green building codes, it is at the U.S. city level that most of the energy
benchmarking and reporting requirements have been implemented. A growing number of cities in
the U.S. now require some form of energy reporting and benchmarking for commercial buildings.
As of mid-2015, approximately 15 major cities across the U.S. have adopted some form of energy
reporting in their local ordinances (Fig. 1). This trend was first started by several cities in the
Northeastern U.S., i.e.. New York City and Boston, but has also spread to other cities. Interesting-
ly, these cities are in regions not always known for being at the spearhead of energy efficiency
initiatives, e.g. Atlanta, Georgia and Kansas City, Missouri. While differences exist in the local
ordinances as far as the size and type of buildings for which they apply, the rationale used often is
a combination of overall city level energy efficiency as well as the potential for local job creation
for energy auditing.
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Fig. 1 U.S. cities and states adoption of building energy benchmarking policies [8]

3. The EU Path to Date

Various voluntary schemes have been introduced in the Europe over the years. Amongst them,
the most notable effort has been the BREEAM method, a voluntary program first introduced in the
U.K. Parallel efforts by the European Commission over the past decade have also introduced
several mandatory directives to increase efficiency at all stages of the energy chain, targeting final
consumption and the building sector, where the potential for savings is greatest.

3.1 BREEAM and other rating systems

The green building movement was spearheaded with the introduction of BREEAM by the Building
Research Establishment (BRE) in the U.K. as an environmental assessment method and rating
system in 1990. This is a voluntary, consensus-based, market-oriented assessment program to
assess any type of building or large-scale communities anywhere in the world. With one mandato-
ry and two optional assessment areas, BREEAM encourages and benchmarks sustainably. The
mandatory assessment area is the potential environmental impact of the building; the two optional
areas are design process and operation/maintenance. To date, over 425,000 buildings have been
certified. Nationally, specific local schemes are available in Germany, Norway, Sweden, Spain
and The Netherlands. Other notable rating systems in the U.K. include the Global Environmental
Method (GEM) program, which is a version of the U.S. Green Globes. In Germany, the passive
house concept has evolved to an international association for standardizing the design and con-
struction of low energy buildings. Space heating energy demand drops to 15 kWh/m2 even in
moderately cold climates, with a total primary energy consumption of 120 KWh/m?. Similar con-
cepts and labels are also introduced in France (e.g. Effinergie) and Switzerland (e.g. Minergie),
which are most popular for residential buildings.
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3.2 Development of the EPBD

Over the past 20 years, numerous European directives have been issued to address different
aspects of energy use in buildings, starting with hot water boilers and household appliances, until,
in the early 2002, the first comprehensive policy addressing building energy performance (EPBD)
was enacted (Fig. 2).
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Fig. 2 Timeline of key EU legislation affecting energy use in buildings [15]

The European Directive 2002/91/EC on the energy performance of buildings (EPBD) and its re-
cast (Directive 2010/31/EC) are driving the efforts for improving the energy efficiency of the Euro-
pean building stock. Accordingly, European Union Member States (EU MS) are strengthening the
energy performance requirements and set more stringent goals for reducing the energy perfor-
mance of buildings. By the start of 2021, all new buildings shall be “nearly zero-energy buildings”
(NZEBSs), while new buildings occupied / owned by public authorities should comply by 2019. For
NZEBs, the nearly zero or very low amount of energy required should be covered to a very signifi-
cant extent by on-site or nearby renewable energy sources (RES).

Austria, Denmark, Germany and Sweden have emerged as successful leaders in adopting and
implementing the EPBD into national initiatives to promote green buildings. This is well aligned
with the EU 2020 targets: a reduction in EU GHG emissions of at least 20% below 1990 levels; an
increase to 20% of RES contribution to EU’s gross final energy consumption; a 20% reduction in
primary energy use by improving energy efficiency.

A recent technical assessment [16] of the national/regional calculation methodologies under the
EPBD provisions has revealed that not all EU MS have a complete set of calculation methods for
evaluating the energy performance of buildings and only about half of them are in-line with the
European standards prepared by the European Committee for Standardization (CEN) to support
EPBD implementation. Only 53% of the methodologies are considered fully reliable for the calcu-
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lation of the primary energy demand given that the primary energy is not used as an energy per-
formance indicator, the number of primary energy factors is low and not all buildings’ technical
systems are addressed. These issues reveal some inherent problems of the EU transnational
efforts for EPBD implementation. At the same time, the second-generation CEN standards are
under development, and these also are planned to be published as EN-ISO standards [17].

3.2.1 EPCs for Energy Benchmarking & Reporting

Energy performance certification (EPC) of buildings, in accordance to EPBD, is an ongoing pro-
cess for several years throughout the EU MS. EPCs document the building’s energy performance
that is usually expressed as an index in terms of energy consumption, carbon dioxide emissions
or energy cost per unit of conditioned floor area to facilitate comparison between buildings and
allow for benchmarking based on distinct energy classes. Various examples of European EPCs
and the ASHRAE bEQ label are available in [18]. The main information provided in an EPC is an
easy-to-understand global indicator of the building’s energy performance expressed as a ranking
energy label (building class). It is usually based on the calculated primary energy consumption,
although different national calculation methodologies have been adopted by some EU MS, e.g.
CO; emissions or energy cost.

At a minimum, all new buildings throughout Europe should have an EPC that demonstrates that
the building meets the minimum energy performance requirements and is better than a minimum
indicator. EPCs in some countries (e.g. Austria, Greece, Ireland, Netherlands, Portugal, Slovenia)
provide for an energy performance division into sub-classes, e.g. A+ and A- or B+ and B, thus
illustrating even small scale improvements that would otherwise not be evident, to further encour-
age and differentiate buildings towards the high end energy performance.

3.3 Other EU efforts

The Energy Efficiency Directive (EED 2012/27/EU) establishes a common framework of measures
for the promotion of energy efficiency at all stages of the full energy chain, i.e. transformation,
distribution, consumption. This is done by setting specific obligations schemes and policies to
improve energy efficiency in all end-uses, ensuring a 3% renovation rate of public buildings and a
long-term national strategy for building renovation which informs and empowers consumers. The
specific targets aim to achieve an overall national indicative energy savings target of 9% by 2016
compared with the average final energy consumption for the five-year period of 2001-2005. This is
to be reached by way of energy services and other cost-effective, practicable and reasonable
energy efficiency improvement measures. The main areas for potential energy conservation in-
clude the building sector and especially energy end-use efficiency in the public sector, EPBD
implementation and promotion of energy end-use efficiency and energy services, e.g. energy
service companies — ESCOs and third party financing - arrangements.

Several European countries have set minimum levels for the use of energy from RES in buildings,
to comply with the RES Directive 2009/28/EC on the promotion of the use of energy from renewa-
bles. The total share of renewable energy in the EU in 2012 was 14.1%, up from 8.7% in 2005.
The latest report from 2015 states that 25 of the EU countries are expected to meet their
2013/2014 interim renewable energy targets. In 2014, the projected share of renewable energy in
the gross final energy consumption is 15.3%.
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4. What the Future Holds (or Might Hold)

It is difficult to make a good side-by-side comparison between the various programs in the two
regions, as there are a wide variety of program types for consideration. Due to these varied dif-
ferences in goals and societal concerns in the various countries on both sides of the Atlantic,
making broad generalizations about the future are just guesses. In fact, in recent years there has
been some pushback in some states to rollback or delay the adoption of energy standards with
increasing levels of stringency. This section provides insight on a few trends or changes that are
fairly certain to happen in coming years.

4.1 The evolution of green building code and energy ratings in the U.S.

The existence of two different options for demonstrating code compliance with green building
standards within the U.S. has led to some confusion. In 2014, ASHRAE and the International
Code Council (ICC) reached an agreement that there should be a merger of Standard 189.1 and
the IgCC. According to this agreement, ASHRAE would take over the leadership in the technical
content and the ICC would provide code language introductions to a merged document. This
merged standard would be the best of both organizations’ products; containing the technical con-
tent as originated by ASHRAE as well as the code ‘smarts’ brought by the ICC. The plans are for
a merged standard/code to be ready for the upcoming 2018 code revision cycle; code revisions by
the ICC are on a 3 year rotation basis, with the most recent versions issued in 2015.

ASHRAE is also working on much needed Standard (214P) for determining a building’s energy
performance in a rating (and labelling) program. This is still in the early development stage and
should help to standardize how energy performance is being reported.

4.2 The 2020 EU Targets and Beyond

The initial EPBD impact assessment estimated a reduction of 5-6% of the EU final energy con-
sumption and 4-5% of EU total CO, emissions savings in 2020 [19]. Overall, the first National
Energy Efficiency Action Plans (NEEAP) has revealed many weaknesses. The majority of them
show low ambition and fail to demonstrate credibly how the mandatory energy savings targets will
be reached. The shining stars are the plans from Denmark and Ireland that provide a credible and
meaningful case for how savings targets will be achieved [20]. The tough challenge that EU MS
are facing is the race to comply with the 2010/31/EC EPBD recast that calls for NZEBs by the
beginning of the new decade (i.e., as of January 2021). Progress has been slow and there are still
a considerable number of formidable challenges for national transposition and interpretation, even
in terms of defining national NZEB concepts. Some available definitions of NZEBs are summa-
rized in [21]. Most of them use primary (source) energy for benchmarking and differentiate for
residential and some common types of commercial buildings, but there is no consistent definition
and the energy use intensities exhibit significant variations.

The share of dwellings that were built prior to 1980 and the widespread adoption of energy per-
formance regulations average about 68% in the EU MS. From an energy performance point-of-
view, this constitutes a grim reality and clearly implies that the majority of European buildings will
need some kind of refurbishment to meet the new energy efficiency standards for buildings. To
support these efforts, an ongoing European project (EPISCOPE) [22] is currently working to de-
velop a conceptual framework to assess national efforts for meeting the EU and national energy
and CO; savings targets at specific landmark periods, i.e. 2020, 2030 and 2050.
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4.3 Looking into the Future

No binding energy targets for the entire U.S. exist, although ASHRAE has been studying what
levels of energy performance could and should be targeted. An ASHRAE Presidential committee
in 2010 determined that a target site energy utilization index of 139 MJ/m2-yr could be achievable
by the year 2025 [23]. This value includes a combination of maximum technology for energy
efficiency and cost-effective installation of photovoltaics, and the number represents an overall
average for the U.S. building sector and climate zones. While not official ASHRAE policy, this
represents a potential target that the Standard 189.1 for High Performance Green Buildings may
work to achieve.

The EU is expected to achieve energy savings of 18-19% by 2020, missing the 20% target by 1-
2%. However, if EU MS implement all of the existing legislation on energy efficiency, the 20%
target can be reached without additional measures. According to the European Commission [24]:
for the EU building sector, the cost effective emission reduction by 2050 accounts for an 88-91%
decrease of GHG emissions compared to 1990 levels; this will be mainly due to “significant reduc-
tions in required heating from improved insulation and greater use of electricity and renewables for
building heating as well more energy efficient appliances”.
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Summary

Natural ventilation provides free cooling. However, the use of natural ventilation in a housing
development is challenging due to the grid alignment of land lot with the result that the wind is
blocked by the houses upstream. This study improved the potential use of natural ventilation in
the housing development in Thailand with the following 2 steps: housing setback arrangement
and function adjustment. After the housing setback was adjusted into staggered grid alignment,
the average air velocity measured in the tested house was increased by approximately 61.7%.
However, when looking into the house interior on the level of room function, the air velocity in
living and dining rooms were typically low with approximately 0.3 m/s since toilet, kitchen, and
stair blocked the wind. To encourage more natural ventilation in those spaces, toilet, kitchen and
stair were flipped into another side of the house. The air velocity in living and dining rooms were
improved significantly by 33% and 42%, respectively and increase to more than 0.4 m/s which
prove to be thermally comfort for Thai people. With the limited design in land lot alignment, the
natural ventilation in housing developments can be improved by housing setback arrangement
and function adjustment.

Keywords: Natural ventilation, Computational Fluid Dynamics, Housing setback, Air velocity

1. Introduction

Natural ventilation (NV) strategy can offer free and effective passive cooling, reduce the use of air-
conditionings systems, an active cooling approach, and improve indoor environmental quality. For
tropical country likes Thailand, about 90% of urban indoor environment are air-conditioned due to
air and noise pollution [1]. However, in the suburban area, especially around Bangkok the
metropolitan, the micro environment around the house is still less polluted. People choose to open
air-conditioning only during hot hours of the days. Hence, providing more natural ventilation for the
house would help reduce the use of electricity for air conditioning.
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In Thailand, air-conditioning system has been used in almost 50% of municipal households and
contribute for over 70% of total electricity load in a small household [2]. Most of the houses in
modern suburban area are housing development project. It is with challenge to use natural
ventilation due to the grid alignment of land lot which normally arrange so that the wind is blocked

by the houses upstream as seen in Fig.1.
This study describes a computational fluid dynamics (CFD) analysis to improve the potential use

of natural ventilation in the housing development in Thailand. And to support the careful
considerations of natural ventilation strategy during the design process of urban designers,
landscape architects and architects who involve in the design process of land lot alignment.
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Fig. 1 Grid alignment of land lot of the housing development project.

2. Methodology

There are two steps for the improved potential use of natural ventilation in this study; i) the
simulation model of housing development of 2 types of housing setback arrangement are studied,
the base case with the linear grid alignment and the design case of the staggered grid alignment.
This step offers the result to quantify the higher air velocity to the downstream houses, ii) after the
housing setback was adjusted, the wind velocity inlet are re-simulated and measured inside
rooms of the tested house to see the improvement of wind velocity.

After the review of the 2 storey house in 100 housing development projects in Thailand with the
usage area not exceeding 200 m?, the reference house is selected based on its room function.
The total area of the 2 storey reference house is about 120 m? with three bedrooms, one living
room, one dining room, two bathrooms and one kitchen. Computational Fluid Dynamic (CFD)
simulation program is used to simulate the direction of prevailing wind and wind velocity.

2.1 Climate Analysis

Thailand situated between 6 and 20° N latitudes with a typical tropical climate. The main
characteristic of Thailand’s climate conditions are high temperature and high humidity. The
climatic condition within Bangkok (14° N and 100° E) are used in the simulation as a reference
case. Climate Consultant 5.5 software are used to obtain basic data of Bangkok provided by the
US Department of Energy (Fig. 2-4). The suggested adaptive comfort using natural ventilation
mean outdoor dry-bulb temperature ranges from 26.0°C to 30.8 °C, with a comfort operative
temperature between 23.3 °C and 29.9 °C. The relative humidity (RH) data is shown to be
between 68% and 75%. The wind velocity ranges from1.9 to 4.2 m/s with the annual mean wind
speed at 2 m/s as seen in Fig. 3.

53



International Conference on Sustainable Built Environment

TEMPERATURE RANGE LOCATION: BANGKOK, -, THA
Adaptive Comfort Latitude/Longitude: 13.92° Norih, 100 6* East, Time Zone from Greenwich 7
Data Source: IWEC Data 484560 WMO Station Number. Elevation 12 m

LEGEND
RECORDEDIOGH . < P R

= paRAfEREse

ARCCaptatity Lty 90%)

DESIGN HIGH: 1
@ 1% of Hours Above
.5% of Hours Above »
0% of Hours Above
DESIGN LOW: Residential
@ 1% of Hours Below
.5% of Hours Below
0% of Hours Below 5
TEMPERATURE RANGE:
@ -10tw40°C ) Jon 3 M Ao May Jun St Aug Sep oa Nov Dec
Fitto Data
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Fig. 3 Wind velocity range of Bangkok. Source: Climate Consultant software.
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The prevailing wind direction is on the South (S) orientation with almost 8% of hours of the year
and North (N) orientation, with a little due East (E) with also 7% of hours of the year as seen in
Fig. 4. This seems to comfort with most of Thailand’s weather with the South-West monsoon
during May and September, and the North-East monsoon during October and February [3].

2.2 Thermal Analysis

Some studies have been done regarding the use of natural ventilation in residential sectors [4],
[1], [3]. For the similar passive cooling approach, it was also suggested that thermal comfort limit
used for Thai can be extended due to the strong air movement with indoor wind velocity about 0.4
m/s or more which can provide a free comfort for 1825 hours per year (about 20% of the time) [1].

3. Results

For the first step, the 2 storey houses in both cases are set as a 7 by 8 m square on the 6x6 grid
row. This is to represent the grid alignment normally found in the housing development project.

The CFD analysis used the reference minimum wind speed of 1.9 m/s from the South direction as
the most critical prevailing wind. The selected house for measurement is on the fifth of the sixth

row and the third house from west of the housing grid alignment to represent the worst case of the
house downstream.

The study can infer to the North winter wind direction since the site plan would be in the exact
opposite direction. The measurement is assumed at the middle of window on the second floor at
5.5 m above ground. In the simulation, the reference house is modelled with aperture while the
rest of the houses are solid because the apertures impact on the downstream pressure and wind
distribution would be minimum [5].

3.1 Grid Alignment of Site planning
3.1.1 Linear grid alignement
The result shows that for the linear grid alignment, the house upstream blocked the prevailing

wind on the house downstream significantly. The wind velocity at the probe value (inlets of the
reference house) shows the average wind speed at only 0.18 m/s as seen in Fig. 5.
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Fig. 5 Linear grid alignment results.
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3.1.2 Staggered grid alignment

The staggered grid alignment is applied to the site plan to improve the speed of wind velocity
around the house. The wind velocity at the probe value (inlets of the reference house) shows the
higher average wind speed at 0.47 m/s as seen in Fig. 6.
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Fig. 6 Staggered grid alignment results.

3.2 Room function adjustment

After the possible wind velocity are acquired from the re-design of the site planning’s grid
alignment, the space function are reviewed to see if there are more potential to bring higher wind

velocity into most spaces with in the house. The CFD model of 2 storey house used in this study
is seen in Fig. 7. The probe value is set at 1.2 m above the floor level in each floor.The analysis

were done to identified the wind velocity on the base case house and the proposed adjustment of
room function are presented. The location of the house is assumed to be at the same position as
in the site planning of the staggered grid alignment. The prevailing wind of 0.47 m/s is re-
simulated from the staggered grid alignment entering the apertures from the back of the house
(opposite of car park area) as seen in Fig. 8-9.

mimu

Fi. 7: Base case space function for first floor plan (a) and second floor plan (b).
Source: Pruksa co.,ltd.
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3.2.1 Base case
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Fig. 8 Base case wind velocity’s results.
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It was found that for the first floor of the house in the base case, the living room and the dining
room are aligned with each other as commonly found in many housing development plan and
resulting in average wind velocity at 0.30 and 0.31 m/s. The higher average wind velocity of 0.47
m/s is presented in the kitchen. However, on the proposed adjusted function plan, the living room
is flipped with the garage. The living room and the dining room’s average wind velocity are
increased to 0.45 and 0.53 m/s respectively. The kitchen’s average wind velocity is still at the
acceptable value at 0.43 m/s which is still higher that the suggested 0.4 m/s wind velocity to
provide thermal comfort.

For the second floor of the base case, the master bedroom and two smaller bedrooms when

flipped and not flipped show no significant different in the average speed of wind velocity. Still, the
adjusted function case shows to have higher wind velocity in the master bedroom.

Table 1: A comparison of wind velocity between Base case and Adjusted function case.

wind velocity (m/s)

Room Function BASE CASE ADJUSTED FUNCTION CASE
Living Room 0.30 0.45

1st FL. Dining Room 0.31 0.53
Kitchen 0.48 0.44
Master Bedroom 0.45 0.54

2nd FL. Bedroom 1 0.32 0.40
Bedroom 2 0.41 0.37

4. Discussion

The results discussed in previous section give the insight as to which grid alignment and room
function position should be in the housing development project to improve natural ventilation for
thermal comfort.

4.1 Grid alignment of land lot

By realigning the land lot into the staggered grid alignment, the wind velocity at the reference
house improve from 0.18 m/s to 0.47 m/s. The results also show that when located on the same
size of land lot, the different alignment can gives the house a higher wind velocity by 61.7% and
suggesting that the staggered grid alignment of land lot is more appropriate for natural ventilation.
And this result is conform with another study that to align the building correctly since the design of
site planning process especially for Passive cooling design shows the significant improvement of
thermal comfort and reduce air-conditioning energy usage [6].

58 SBE16 Hamburg



Strategies — Stakeholders — Success factors

4.2 Room Function adjustment

When considered the wind velocity within the room of the 2 storey house, the simulation results
show that the average wind velocity in Living room and Dining room are reduced to 0.3 m/s due to

toilet, kitchen, and stair blocked the wind. To encourage more natural ventilation in those spaces,
toilet, kitchen and stair were flipped into another side of the house. The air velocity in living and

dining rooms were improved significantly by 33% and 42%, respectively and increase to more
than 0.4 m/s which prove to be thermally comfort for Thai people.

5. Conclusion

There are some conclusions that can de drawn from this study. First, a key consideration is the
house setback in housing development'’s grid alignment can cause significant improvement to the
house on the downstream both in and around the house. The staggered grid alignment proved to
be enhancing the wind direction and velocity significantly. As for further investigation with in the
house, it showed that careful consideration of placing room function within the house can increase
wind velocity resulting in possible higher thermal comfort for the occupants. For example, the
room functions such as Living room and Dining room when placing correctly can increase wind
velocity without disturbing the functioning of the house.

In conclusion, this paper has demonstrated that by simply re-aligning the grid of land lot and
rearrange the function of the house can improved the potential use of natural ventilation to provide
free passive cooling that can lower the air-conditioning energy usage and provide enough thermal
comfort for the housing development project in tropical weather such as Thailand. For future
research the combing strategy between natural and mechanical ventilation such as hybrid
ventilation (HV) or Mixed-mode ventilation (MV) should be investigated. Also the energy savings
from this approach is needed to be realised in order to provide more insights into how to use
various ventilation strategies in a hot-humid climate such as Thailand.
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1. Introduction

The European building sector is responsible for 40% of overall energy consumption sector and
over 50% of all materials extracted from earth are transformed into construction materials and
products [1]. With more than 70% of the building stock built before the first energy crisis (1970’s),
energy retrofitting of buildings is envisaged as the most promising strategy to reach the EU’s “40-
27-27” targets. However, the results of retrofitting interventions on building scale have shown that
the effectivness of building retrofitting can be increased significantly through considering each
building as a part of a global energy system in a district. This follows the approach of considering
all buildings loacted in the same district as an entity. In this case the application of retrofitting
measures is not limited to single buildings only but can be applied on district level through exploit-
ing synergies and interactions between buildings and their surrounding infrastructure and envi-
ronment. While planning retrofitting concepts for single buildings is a challening task the complexi-
ty and work intensity for planners on district scale increases significantly. While acting on district
scale planners have to consider how implemented measures on single buildings may affect the
implementation of measures for other buildings loacted in the same district. Retrofitting measures
on single buildings even may have negative impacts for other buildings or the whole district sus-
tainability performance if they are not planned proactively. For instance the feasibility of establish-
ing heat networks between buildings is strongly depending on the available heat demand density
in an area. Thus, planners in district retrofitting projects have to assess if retrofitting measures on
single buildings like improving the building envelop are more sustainable than connecting the
buildings to a renewable driven heat network. In order to find the optimum solution in terms of
sustainability for a whole district planners have to consider several criteria like the total impacts on
the environment, the life cycle costs, the return of investement as well as social impacts of the
planned measures. Moreover, in order to gather all the needed informaton for a sensible planning
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process and to achieve the most effective results planners have to cooperate with all involved
stakeholders in a well-coordinated and structured way. Among others, representants of the munic-
ipalities, building owners, tenants, financing bodies and energy supplying companies have to be
involved in all phases of the planning and implementation process. This presents a major chal-
lenge to planners of district retrofitting projects and can only be solved following a well structured
and thoughtful methodology which guides the planners and all involved stakeholders through the
different phases of the project. To facilitate the planning on district scale and to improve the effec-
tiveness of the planning and implementation process of energy retrofitting measures the use of an
advanced and integrated planning and decision-support tool (IDST) is indispensable.

2. Methodology

21 Objective and user requirements of the IDST

In order to satisfy the need of holistic planning tools on district level need FASUDIR provides an
Integrated Decision Support Tool (IDST) based on an innovative methodology, supported by a
software tool. The IDST evaluates retrofitting needs of a set of buildings that share a common
urban area and guides the decision makers in finding the optimum energy retrofitting strategy to
increase the sustainability of the whole district. Understanding user requirements and their busi-
ness objectives in undertaking potential district retrofitting projects is crucial to designing an effec-
tive decision support tool. With this in mind, at the beginning of the Methodology development an
in-depth survey of a wide range of stakeholders was undertaken. The survey took place in ltaly,
Germany, Hungary, Spain and UK, being coordinated from London Business School and execut-
ed by the country-specific partners involved in the task. The stakeholders identified ranged from
federal government planners through architects, technical advisers, local planners, energy suppli-
ers and ESCOs to owners and social housing managers, covering district projects that range from
three or four buildings to many thousands [3]. Potential users evidently value an approach that is
easy to understand and helps to guide users' preferred solutions, though various constraints, to a
well-structured, multi-criteria trade-off analysis. The results of the survey showed that FASUDIR
will be applicable for different user styles of engagement. Mainly engaged will be technical staff
and planners. However, the framework of the IDST allows all identified stakeholders to be in-
volved in the different stages of district retrofitting projects by different functions of the IDST and
different phases of the methodology. Through the high flexibility, the broad approach and the use
of an plain language User Interface it is also possible for non-expert users in the fields of energy
like facility managers, building owners or citizens to use the IDST for the creation of own retrofit-
ting variants of their buildings and to visualize results. As the FASUDIR methodlogy takes ad-
vantage of the Pareto Principle sufficient accurate results can be obtained with acceptable effort
and in short time.

2.2 The FASUDIR Decision-Support Methodology

The execution of district retrofitting projects is a very multifaceted task for planners and all in-
volved stakeholders. Compared to building level projects the complexity on district scale grows
exponentially while the data availability declines. So, planners need a sophisticated decision-
support methodology to handle the complexity in an appropriate way. Therefore the FASUDIR
Methodology divides district retrofitting projects into four main steps which planners can work off in
a structured work process. The four steps are defined as followed:

e Preparation Phase
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e Diagnosis Phase
o Decision-Making Phase
e |Implementation Phase

Preparation Phase

The preparation phase is the beginning of each district retrofitting concept. In this phase all nec-
essary data to create a citymodel is collected from several sources (GIS, CityGML, on-site inspec-
tion, owner and occupant surveys, etc.). The FASUDIR IDST supports planners in collecting the
data by involving all stakeholders that may be able to provide needed data via an e-collaboration
platform. Hence, planners are able to request data from different data providers in a structured
data collection process. Stakeholders are able to share digital data or to respond on the requests
of the planners. E.g. owners, ESCOS or representants of municipalities are able to upload geoda-
ta files on the platform which can be utilised by the planners. Owners and tenants can fill an
online-survey which asks them several for the building characterisation necessary data that can-
not be obtained from default data or on-site inspection from the outside of the buildings (heating
system, average number of occupants, measured energy data, etc.) [4]. Planners use the e-
collaboration platform as a supporting tool in the preparation phase. It supports them in acceler-
ating the data collection by an improved information flow between planners and other stakehold-
ers (see Figure 1).

Diagnosis Phase

The second phase in the FASUDIR Methodology is the diagnosis phase which allows an evalua-
tion of the current state and the definition of useful targets for a district retrofitting project.

After the data entry process has been finished all necessary data to run a first simulation for as-
sessing the current state of the whole district and all buildings in the district is available in the
IDST Citymodel. The current state is analyzed according to its global sustainability by the use of
Key Performance Indicators (KPIs) which have been defined in the FASUDIR Methdodlogy on
building and district level [5]. To assess the current sustainability state of the district and each
building the following in Table 2 listed KPIs are used:

Table 1: Key Performance Indicators of the FASUDIR Methodology with scale of application

Category Indicator Scale of Applica-
tion

1. Ecologic Category Total Primary Energy Demand Multiscale
Energy Demand in Operation (delivered) Multiscale
Energy Embodied Multiscale
Share of Renewable Energy on Site Multiscale
Global Warming Potential Multiscale
Acidification Potential Multiscale
Ozone Depletion Potential Multiscale
Eutrophication Potential Multiscale
Photochemical Ozone Creation Potential Multiscale
Abiotic Depletion Potential Elements Multiscale
Soil Sealing District Scale
Intensity of Water Treatment District Scale

2. Social Category Indoor Air Quality Building Scale
Thermal Comfort Building Scale
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Visual Comfort Building Scale
Motor Transport Infrastructure District Scale
Public Transport Infrastructure District Scale
Accessibility to Infrasturcture District Scale
Urban Microclimate / Heat Island Effect District Scale
Gentrification Risk District Scale
3. Economic Category  Life Cycle Costs (LCC) Multiscale
Return on Investment / Payback Period Multiscale
Change in value of property Building Scale

Thus, all KPIs are calculated by the IDST based on the simulation results. Additionally, each KPI
is compared to a defined benchmark from the methdodlogy which allows evaluating the KPI result
compared to a sensible average value. This allows the user of the IDST to identify the strengths
and weaknesses of the district in terms of sustainability. A low KPI value in this case means that
the sustainability issues which the KPI addresses must be improved. To support the visualization
of the KPI results to the user the IDST provides a special KPI Analysis Tool which is used every
time the user wants to check KPI results. The KPI analysis tool also is used to assess the created
energy variants in the decision-making phase. Moreover, to enable a detailed evaluation of the
district’'s and building’s results the user has the possibility to display selected raw data of the simu-
lation results (see Figure 1). These for example are the direct simulation outputs which are stored
in the building and district result records of the Citymodel. The user therefore is able to access
and display all data that is stored in the city model databases on a map. Thus, the user also has
the possibility to export the data generated in the current state evaluation for further purposes
beyond the FASUDIR IDST.
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Decision-Making Phase

The decision-making phase is the third phase in the FASUDIR methdodlogy (see Figure 2). The
decision-making phase enables the decision makers to define the district retrofitting project
through the selection of the most sustainable retrofitting solution in terms. To achieve these objec-
tives a structured methodological approach to fulfill all the needs has been developed. At the
beginning the planners are able to create scenarios representing a district retrofitting project which
are defined by setting measurable targets and objectives for the improvement of the KPIs. The
target definition is based on the current state evaluation of the KPIs and is also linked to the e-
collboratuion platform. All involved stakeholders therefore can participate in the target definition
process by giving votes on their targets and priorities.

Creation of Retrofitting Variants in the IDST

After the targets for project have been defined the planners are able to create different retrofitting
variants. Therefore it is possible to select different retrofitting interventions on building and district
level from a pre-defined selection list. In order to apply only useful and technically feasible retrofit-
ting measures on buildings it is essential to know which retrofitting measures work well or may not
work for the buildings or whole groups of buildings. Even though planners of retrofitting variants
may have a good knowledge about the feasibility of different retrofitting measures the Methodolo-
gy supports and guides them in the selection process. Therefore, the IDST provides a compre-
hensive tool box with several useful analysis functions that help planners in evaluating the practi-
cability of different solutions. The main challenge for planners in creating energy retrofitting vari-
ants for urban districts is to estimate the impacts of different solutions onto the buildings and the
energy supplying infrastructure in the district. Those synergies and interactions between buildings
and the district were analysed deeply in the methdodlogy development and can be assessed
using the IDST. The provided retrofitting interventions in the IDST repository of technologies are
classified according the following categories:

1. Reduction of energy consumption (consumer-driven)
2. Increasing the efficiency of the energy supply
3. Inclusion of renewable energy production

All categories contain several traditional off-the-shelf retrofitting measures as well as new innova-
tive ones at building and district level. On building level it is possible to apply several envelop
improvement measures (adding insulation, replacing windows, etc.), replace HVAC systems,
increase the efficiency of electrical appliances and to include renewable energy sources (photo-
voltaics, solar thermal systems, CHP, biomass, etc.). On district scale, users can apply improve-
ment measures in the fields of street lighting (LEDs), heat and cooling networks as well as renew-
able district energy systems (wind turbines, photovoltaic farms) and further. Moreover planners
have the possibility to assess the improvement of non-energy related measures in a scenario like
increasing the green spaces in the district or improving the accessibility to public transport stations.
The KPlIs are simulated for each variant representing the different applied retrofitting interventions.
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Intervention Filter Logic based on constraints and restrictions

Although a variety of different retrofitting technologies is theoretically available for buildings and
districts in the IDST the applicability of each technology in real life projects is often limited. Be-
cause of the fact that each district and even each building in a district is an individual case a lot
of available retrofitting technologies cannot be implemented due to constraints and restrictions in
different fields. To support the planners in considering all potential restrictions on interventions the
IDST provides thoughtful filter logic. The filter logic is able to consider the different constraints and
restrictions for the application of retrofitting interventions on each single building and the infra-
structure by using the simulaton outputs from the current state assessment.

For example if a building in the district is under cultural heritage protection it can be set as a plan-
ning constraint in the preparation phase by the user. In this case external wall insulations will not
be selectable for the user in the variant creation due to the filter logic. Moreover, the IDST takes
advantage of simulation results generated through the current state assessment. For example if
the suitability of roof or fagade areas for solar energy on a building is not given this is automatical-
ly set as a constraint in the filter logic by the IDST. Hence, the IDST in this case is able to exclude
solar based retrofitting technologies (photovoltaics, solar thermal systems) which exceed the
available roof or fagade area of a building by the use of the filter logic.

IDST Analysis Tools and Functions

Following special analysis tools and functions to support the variant creation are provided within
the IDST:

1. Analysis tool assessing the energetic weak points of buildings

In order to prioritize different retrofitting measures to reduce the energy consumption and to in-
crease the energy efficiency of a building it is necessary to know which represent from an energy
view the weakest points of a building. This means the FASUDIR IDST supports the users in identi-
fying the building components or systems which cause the highest energy losses and therefore,
have with high probability the greatest energy saving potential. Hence, with the Energetic Weak
Points Tool the FASUDIR user is be able to plan the retrofitting measures in a way that allows
exploiting the most effective energy savings.

2. Tool assessing the feasibility of heat networks

The FASUDIR IDST provides a function that allows planners to assess the correlation between
different retrofitting measures and the capability of heat networks for groups or the whole district.
The function in the IDST calculates for user defined building groups or areas of the district a heat
demand density map and visualizes it in 2D and 3D maps. By setting user defined thresholds the
function shows the user the areas of a district or a city in which the construction of a heat network
can be feasible.

3. Analysis tool for the assessment synergies and interactions between buildings

The fucntions shows the user the time-based load curves of the electricity consumption and the
electricity generation (CHP, PV, Wind) of a group of buildings or the whole neighbourhood. More-
over it allows the user to assess how much electricity surplus is generated at which times to plan
smart grids and electricity storages (charge e-vehicles, intelligent appliances).

4. Analysis Tool Assessing Solar potentials of Surface areas on Buildings and free spaces
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The function shows the user for each building in the neighbourhood the suitability of roof and
facade areas for photovoltaics or solar thermal systems (solar potential).

5. E-Collaboration Platform

The e-collaboration platform in the FASUDIR IDST is the central hub between the planners of a
district retrofitting concept and all involved stakeholders and guests. The e-collaboration platform
provides the framework to support the stakeholder involvement in each phase of the FASUDIR
methodology. The platform is accessible via the main created project website of a district retrofit-
ting project. Therefore, the e-collaboration platform enables the following features for the users:

¢  Online-Discussion-Forum (Citizen Participation, idea collection, etc.)

e  Online Retrofitting Questionnaire (Owners, Tenants)

¢ Online cloud-based data storage for file exchange

o Front-page for announcements (News, Dates for Physical Workshops)

Variant Assessment

After planners have created variants the IDST is able to compare the variant to identify the most
suitable one according to the set priorities of the decision-makers. In the assessment step of the
methodology the users is supported by a decision-support tool. In this function all gathered infor-
mation, conducted upstream analysis and generated data outputs in the different steps of the
variant creation are finally stored in a database. The main input of the variants in the decision-
support function is in the form of the KPIs results. The KPI results afterwards are used as core
criteria in a value assessment to rank the different retrofitting variants according to the prefer-
ences of different stakeholders and decision-makers. Thus, planners of retrofitting concepts have
a powerful and logic feature to support the complex decision-making process in energy retrofitting
projects for urban districts. In order to be able to conduct a value assessment based on a Multi-
Criteria-Decision-Analysis (MCDA) approach the valid variants are ranked according to the prefer-
ences and priorities of the decision-makers. For all created retrofitting variants the different KPIs
are simulated by the IDST. To set the priorities the IDST provides a Decision Support Tool which
allows the FASUDIR Users to enter their priorities from a list through a plain language entry mask.
The plain langaue entry mask translates priorities in a weighting system. Hence, the weights for
the different KPIs in the value assessment are adjusted automatically.

Implementation Phase

The implementation phase is the last phase of a district retrofitting proiject in the FASUDIR
Methdodlogy (see Figure 2). In the implementation phase the best ranked variant of the district
retrofitting concept has to be practically implemented. Therefore it is the longest phase in a district
retrofitting project and can last from 2 years up to 20 years or even longer depending on the moti-
vation of the stakeholders and owners. The focus of the FASUDIR Methodology therefore is not
the complex work of planning the detailed retrofitting construction process. This task should be
done by a retrofitting manager who has the final responsibility for the coordination of the retrofit-
ting construction process. However, FASUDIR supports the complex work of the retrofitting man-
ager by the IDST and the related supporting tools. To achieve this, the IDST provids an update
and monitoring function which allows updating and monitoring the current state of the district ac-
cording to the already implemented retrofitting measures by the owners. The updated current
state can be compared to the targets that have been defined in the scenario. Thus, the retrofitting
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manager and the represents of the municipality have the possibility to check the current progress
during the whole implementation phase. This is very important in order to control the retrofitting
progress and to identify obstructions which have negative impacts of the retrofitting work. Based
on the results the retrofitting manager is able to develop suggestions for improvements (e.g new
grants, change of the variants) and to recommend them to the stakeholders. Moreover, the
achieved successes in the retrofitting project can be shown and demonstrated to politicians,
stakeholders and citizens by using the IDST. Furthermore, the IDST supports the retrofitting man-
ager in improving the communication flows between the stakeholders in the implementation phase
through the e-collaboration platform. Hence, the retrofitting manager is able to contact all stake-
holders in an optimized way via the internet. This facilitates the mediation between different
stakeholders which is very important in the implementation process of district solutions.

Decision-Making Implementation
(Variant Assessment)
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Fig. 2 Overview Chart on the Decision-Making and Implementation Phase in the FASUDIR
methodology

3. Results

3.1 Usability of the FASUDIR Approach in Europe

The proper functions of the IDST and the connected Methdodlogy have been validated on three
case studies. The results show that the high flexibility and usability of the FASUDIR approach
facilitates a broad application in Europe and beyond. The data collection phase for the creation of
the Citymodels in the case study sites has been identified as the main bottleneck of the FASUDIR
approach. Especially the quality and availability of GIS data, which is needed as basic input for the
FASDUIR Citymodel, is not for in all cases available. Furthermore if the data is available the quali-
ty in many cases is not sufficient and an intensive data reprocessing is necessary. Another limiting
factor is the high price for buying the underlying GIS data from land surveying offices. However,
as the distribution of high quality GIS data in Europe will improve in the near future the usability of
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the FASUDIR approach will become even easier and cheaper. The exploitation of the FASUDIR
Methodology and IDST Tool are in progress now. Several cities, urban planners and professionals
have tested the first version of the IDST in special local project commitee meetings. The feedback
of these meetings has shown a strong demand of advanced decision-support tools for district
retrofitting in Europe.

3.2 Comparison of IDST results with real measured data on the case study sites

After finalizing the IDST prototype the FASUDIR methdodlogy and IDST have been validated on
three real case study sites:

e  Cultural heritage districts: historic city quarter of Santiago de Compostela (Spain), found-
ed on the Xlll century

o Communist era district from the XX century: Residential district with public buildings in
Budapest (Hungary)

e Residential districts built up on the 1970’s decade of the 20th century (Germany): Hein-
richt-LUbke-Siedlung (Frankfurt)

The validation of the results provided by the IDST was done against real data that were achieved
by the real retrofitting project. The real application on case studies of the IDST allowed the consor-
tium to start a refinement phase needed to finalize the tool. The results showed that the accuracy
of the IDST is sufficiently precise for the purpose of decision-making on district level. Indeed, the
simulated global energy demand of the case study districts remained close to the respective real
measured values. For few single buildings significant deviations to the real values were identified
caused by poor input data availability. In the case studies also a balancing effect for the results
was identified, which averaged out deviations to the real measured values through the high num-
ber of buildings.

3.3 Sensitivity Analysis

In order to assess the effects of poor data quality on the simulation results and the decisions-
making a comprehensive sensitivity analysis has been carried out. The reults have shown that the
accuracy. The main sources of uncertainties in the FASUDIR Project related to the risk associated
with KPIs analysis can depend on such issues as the quality of the available and used data and
the good scoping, pricing assumption and methods of calculations. For the analysis of KPIs the
input of uncertainty parameters and stochastic methods, such as Monte Carlo simulations have
been employed. In order to reduce the impacts of uncertainties for the decsions-making measures
have been be taken into account in the IDST development. For example users are warned by the
IDST if KPI results may be affected by a high risk of uncertainty (e.g. if input data quality was
poor).

4. Discussion

In fact it is very difficult to assess the uncertainties that may occur in district retrofitting concepts.
However, the goal of district retrofitting concepts and the district approach in general is not to
provide as detailed results and calculations as possible but to help planners and stakeholders to
find the right direction for the whole district. As the data collection in a district is not as detailed
as for building retrofitting concepts the uncertainties are higher on district level. However, the
time effort for the data collection can be reduced by up to 80 % compared to a detailed data
collection. Therefore the Pareto principlestates those, for many events, roughly 80% of the effects
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come from 20% of the causes. If the Pareto Principle is applied to the data collection process for
buildings and districts 80 % of the accuracy can be reached with 20 % of the time and cost effort.
If the planners need to have 100 % accuracy the time effort for the data collection will be in-
creased by 80 %. FASUDIR therefore is created as a tool for high level insights and therefore
takes advantage of the Pareto Principle.

5. Conclusion

Besides the planning of concepts, the practical implementation of the measures cannot be done
by software tools as a deep interaction and communication between all involved stakeholders is
necessary. Hence, the planning and practical implementation of district retrofitting projects is a
task that is due to its high complexity still strongly dependent on the human intelligence of profes-
sionals and experts. However, the professional planners can take advantage of structured ap-
proaches and supporting software tools to make their work more efficient. Against this background
the Decision-Support Methodology must be regarded as a stand-alone approach which is not
directly coupled to tools or software. This means, that the FASUDIR Decision-Support Methodolo-
gy in general is applicable without the use of the FASUDIR IDST. However, to follow all steps
included in the different phases may need a lot of time and partially be not effective without using
appropriate support by the IDST. Vice versa the IDST also cannot be seen as a stand-alone tool.
Using the IDST in an appropriate way needs to follow the structured Decision-Support Methodolo-
gy in order to achieve meaningful and resilient results. The development of the FASUDIR Deci-
sion-Support Methodology and the IDST will significantly improve the currently used methods of
operating in district retrofitting projects and facilitate keeping the EU’s “40-27-27” targets for the
building sector.
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Summary

In winter semester 2014/15 students at the Bauhaus University of Weimar and students of the
University of Mersin employed a self-developed parametric tool for life cycle assessment (LCA)
during design. Throughout the semester the students presented the LCA results of their current
design every week. The final results showed that the students were able to save an average of
16% of Global Warming Potential (GWP), compared to a default variant. In comparison to a
reference group who did not apply this tool they achieved designs with only half the GWP. The
project demonstrates that, if they have the right tools at their disposal, even non-experts can apply
LCA during the design phase without much additional effort. Furthermore, the GWP reduction
clearly proves the application to be worthwhile.

Keywords: Student design project, architecture, LCA, parametric model, building simulation

1. Introduction

Life Cycle Assessment (LCA) is becoming more and more important for building evaluation. For
some building certifications, e.g. the German DGNB [1] and BNB [2], it is a mandatory part of the
certificate. Sustainability criteria also become more important for architectural competitions [3]. In
recent competitions the participants have to describe their approach to reducing the environmental
impact, including the saving of energy and greenhouse gas emissions.

In general, decisions made in the early phases of the design have significant consequences, since
they define the general conditions for the subsequent planning process [4]. In that way they have
the biggest impact on energy demand [5]. Thus, an optimization of the design with regard to a low
environmental impact can best be achieved in early design stages.

The quantitative evaluation of the environmental impact through LCA requires, amongst other
things, a calculation of the energy demand and a bill of quantities. However, the most fundamental
decisions, such as building form, orientation and window arrangement, the architects often make
in the early design stages, with little or no involvement of simulation software [6]. In Germany, an
energy demand calculation is mandatory for a building application. At that time most design
decisions have already been made and changes to the design usually require a high effort.
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In current practice, the energy demand calculation is usually carried out by an energy consultant.
If LCA is involved, the person in charge receives a bill of quantities from the architect and can then
feed the LCA tool with all the information, including the results from the energy demand
calculation. Overviews on current available building LCA tools can be found in [7], [8]. Most LCA
tools require a tabular input of the information, e.g. eLCA [9], SBS online tool [10] or Legep [11].
Recently, different approaches to combine Building Information Models (BIM) and LCA have been
developed, which automatically calculate a bill of quantity [12], [13], [14]. In theory, the embodied
impact can easily be calculated with those approaches. In practice, the challenge lies in the high
complexity the BIM reaches. For both approaches - manual input and BIM - the effort involved
with inputting of all necessary information hinders the application in early design stages.
Furthermore, once the LCA has been carried out, the results can hardly be used to improve the
building, first, because the planning process usually is too short, and second, because the high
effort of input impedes the comparison of design variants. Hence, LCA is not applicable for
optimisation [15].

In order to allow an architect to analyse the environmental impact of his building while designing it,
two major developments are necessary:
1. Simplified tools that are adapted to the architect’s need have to be developed. According
to Baitz et al. [16], LCA results should rather be produced in time and provide 80%
solutions than provide 100% solutions which come too late to have any effects on reality.
2. Architects need to acquire a certain degree of expertise in building physics and LCA to
be able to interpret the obtained results. Ideally, this know-how should be taught at the
beginning of the architectural education at the universities.

This paper responds to both points. In order to test a novel tool for parametric LCA in the early
design stages and to teach the basis of the methodology, we integrated its application in a student
design project. A group of nine students used the tool during the design process. This paper
describes the outcome and compares the LCA results to a reference group of 17 students who did
not apply it.

Experience from two earlier sustainability-related design projects was used for supervising the
students’ work. The first project, focussed on energy performance, motivated the students to
produce very creative approaches, such as using a nearby river for hydropower or integrating a
pumped storage hydro power plant into their tower design [17]. The second project introduced
LCA into the design process and the students were provided with a simple spreadsheet tool [18].
The manual input of areas got the students to only analyse their final design. As a result, the
variants were not analysed during the design process and the optimization was not carried out,
which shows the demand for design-integrated LCA tools.

2. Methodology

2.1 Design task

The design task of this project consisted in developing a use scenario, choosing one of three
possible sites in the historic city of Tarsus, in the south of Turkey, and finally designing the
building. The results were very different building types with differing intended uses, which ranged
from cafés and restaurants to exhibition sites and hotels.

The students were asked to analyse the life-cycle environmental impact of their design every
week, from the first sketches at the beginning of the semester to the final design. Any decision,
from the urban setting to the size of the windows, should be made on the basis of design variants
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and the corresponding environmental impact. The idea was not to hinder solutions with a higher
environmental impact, but to improve the understanding of the relation between design and
environmental impact. At the end of the semester the students handed in optimized versions of
their design proposals and explained their decisions based on the LCA results.

2.2 Tool

The tool was developed for “Grasshopper3D” (GH) [19], a parametric plug-in for the CAD software
“Rhinoceros” (RH) [20]. The tool was applied with a view to optimise the refurbishment of a single
family house in Germany [21], [22]. The method is based on parametrisation of all influencing
factors, such as geometry, material, service life, etc. The core of the method is an integrated
parametric LCA model.

The workflow consists of three main steps: First, the input of geometry, materials and surrounding
conditions, second, the simultaneous calculation of operational (lo) and embodied environmental
impact (lg), which, taken together, add up to the life-cycle impact (I.c), and finally, the visualisation
of the results (see Fig. 1). On the basis of this feedback the architect can make informed decisions
on changes to the design. Since the surrounding conditions, such as site and user profile, are
usually fixed, changes can be made in two parameters: geometry and material. The architect is
able to improve his design stepwise towards environmental friendliness.

Input Calculation Output

€

3
Material

Boundary
conditions

~
~ <

Fig. 1: Workflow of parametric LCA tool in three steps

2.2.1 Input

The input of the geometry is done in RH. All of the geometry is drawn in the form of 2D surfaces.
The thickness of each component is input in the material editor. The individual components are
drawn on predefined colour coded layers (see Fig. 2). The material is defined in GH. Each
component is divided into four functional layers, such as exterior cladding, insulation, primary
construction and interior cladding. The material can be selected from a drop-down menu, the
thickness is input by means of a so-called number slider (see Fig. 3). All the other surrounding
conditions are predefined and cannot be changed by the students.
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[ Layer 1: Exterior cladding = Synthetic resin plaster + reinforcement fabric V}

[Layer 2: Insulation EPS v)

(Thickness 2 (m) | ©0.06 »
[ Layer 3: Primary construction | Reinforced concrete (C25/30 2% rebar) W)
(Thickness 3 (m) | 0020 >
( Layer 4: Interior cladding Lime gypsum plaster V}
Fig. 2: Geometry model in RH Fig. 3: Parametric material definition in GH

2.2.2 Calculation

For the calculation of the operational impact (lo), first of all, the energy demand has to be known.
In this case we distinguish between energy demand influenced by the building design, such as
heating and cooling demand, and energy demand that is mainly influenced by the user, such as
electricity for appliances or lighting. The heating and cooling demand is simulated by means of
EnergyPlus V8.1 (EP) [23]. The geometry designed in RH is automatically transferred to GH and
integrated into a thermal model. To link EP to GH, a plug-in called ArchSim [24] is employed. Then
the results for the heating and cooling demand are multiplied by impact factors for the respective
energy carrier to give out the total lo. The impact factors are taken from the German database
“Okobau.dat” [25] and imported into GH.

The embodied impact (lg) is calculated by multiplying the masses of the building components,
taken in the bill of quantities, by the individual impact factors of the respective material. These
impact factors are also taken from “Okobau.dat” and combined with physical data, such as
conductivity or heating capacity, which are needed for the building simulation. This data is
imported into GH, together with data on the reference service life of each material, which is
provided by the Federal Institute for Research on Building, Urban Affairs and Spatial Development
(BBSR) [26]. If the reference service life of a material is shorter than the reference service period
of the building, the necessary amount of replacements is taken into account automatically. lo and
le are then added to find out the life-cycle impact I.c.

2.2.3 Visualisation of the results

To facilitate the presentation of the results, only two common indicators — non-renewable primary
energy (PENRT) and global warming potential (GWP) — are employed. They are shown in
different diagrams (see Fig. 4). A bar graph displays the Ie values of both indicators for the main
building components, namely facade, partitions (internal walls), ceilings, roofs, exterior floors and
windows (including doors). This kind of presentation enables the designer to see where most of
the impact results from and thereby where optimization potential lies. Similarly, the lo is displayed
separately for heating and cooling demand. The indicators refer to area and year (IND/m2a). Two
pie charts for both indicators show the Il.c in each category. So the overall share of each
component/energy demand within the whole life cycle can quickly be seen. Additionally, the yearly
I.c for the whole building is output as a numeric value.

Two functional units are used in this case: the whole building and one square meter of conditioned
space per year (1 m2a). Apart from the conditioning of the room to a temperature between 20 and
26 °C, no functional requirements have been defined. The results per area serve to compare the
different designs with each other, but for the designer the result per building is more relevant,
because he tries to fit the respective function to the least I.c. Buildings with more floor area tend to
have lower results per area. This might encourage the designer to add more area when only
looking at the area based results, which leads to a lower value per square meter but increases the
total I c.
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Fig. 4: Visualisation of Results

2.3  Application by students

The nine students received a short introduction to “Rhinoceros”, which none of them had worked
with before. The reference service period was set at 50 years and in order to simplify the input and
ensure the comparability, internal gains are assumed to be the same for all designs. The internal
gains of a multi-family house — 90 W/m? per day according to DIN V 18599-10 [27]— were
assumed, even if the intended use of the building was different. An individual setting of internal
gains would have made a comparison between the designs too complicated.

The procedure for the semester was divided into two parts. In the first part, the students were
supposed to analyse their proposed geometry and vary it in order to lower their I.c. The following
standard construction was assumed: The exterior walls and ceilings consist of concrete and the
whole building envelope is equipped with 6 cm of EPS insulation. Data for these materials is
included in the tool, in the form of default values.

In the second part the students were asked to vary the building materials and minimize the I.c.
The drop-down menu offers a range of typical building material. To select special materials, the
students were allowed to use the environmental data from environmental product declarations and
to integrate the new material into their designs.

3. Results

3.1 LCA Results

The students were asked to present and to explain their results every week. At the beginning
some difficulties in modelling the geometry were observed. For the simulation with EnergyPlus all
thermal zones need to be closed and the surrounding conditions have to be correctly assigned. In
addition, the tool had to be slightly adapted during the process. As a result, the influence of
changes to the geometry could not be assessed properly.

At the end of the semester all students were familiar with the tool and able to insert their individual
materials. The results for the default and individual material are shown in Fig. 5. The graphs show
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similar profiles and a visible improvement after entering the own material. The main differences in
the values for the entire building result from the differing building sizes.
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Fig. 5: Results per m2 and whole building for default material and individual material (group A)

The improvement of I.c through choosing the individual materials is shown in Fig. 6. The students
of group A were able to save an average of 8.2% of PENRT and 16.2% of GWP. Most of the
savings of GWP could be achieved in design 5. The student mainly employed wooden
components. Design 7 shows no significant change in l.c. Due to aesthetic reasons the student
wanted to employ exposed concrete. Since concrete had already been the default material, it's
not surprising that the results are very similar.
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Fig. 6: Improvement through individual material with both indicators (group A)
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3.2 Comparison to the reference group

The designs of a second group (group B) of 17 students who did not apply the tool are used as a
comparison. The final geometry at the end of the design process is modelled with the default and
individual material. The results in Fig. 7 indicate that most designs perform better with the default
material. On average, the individual material causes 30.7% more PENRT and 16.9% more GWP.
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Fig. 7: Improvement through individual material with both indicators (group B)

3.3 Individual projects
Three projects of group A (see Fig. 8) are presented in more detail:

Project 3: This open structure covers the complete site and consists of prefabricated concrete
elements. The columns of the arcade-like pergola support a light roof made of textiles to provide
shade. There is only few enclosed space in the form of functional boxes