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ABSTRACT

Collective Self-Organised (CSO) housing projects are an emerging trend in Europe. In these projects com-
munities engage in co-design throughout the process. Little knowledge exists that can support CSOs with
the process of managing their projects by using state-of-the-art building information (Bl) technologies. The
authors introduce a Bl supported CSO housing design process that can support CSOs through all stages in
the design process, from early conceptual location planning through to selection of interior finishing. They
illustrate the project using a demonstrative illustration of a CSO housing design process. The paper will
concentrate on the development of innovative Collaborative Design Technology (CDT) solutions. The tools
will be demonstrated on the basis of an illustrative demonstration case in which the CSO-process is combined
with an IFD (Industrial, Flexible and Durable) building system. The particular advantages for architectural
design practice will be highlighted throughout and gaps in the literature addressed.

Keywords: Augmented Reality, Building Information Modelling, Collaborative Design Technology, Concept
Modelling, CSO Housing, Participatory Design, Virtual Reality

DOI: 10.4018/1J3DIM.2015010101

Copyright © 2015, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.



2 International Journal of 3-D Information Modeling, 4(1), 1-18, January-March 2015

1. INTRODUCTION

1.1. The State of the Art
of CSO in Europe

This paper refers to the ongoing EU Frame-
work 7 project PROFICIENT, that deals the
development and validation of new processes
and business models for the next generation of
performance based energy-efficient buildings,
which will create business opportunities for
SMEs in the construction sector by exploit-
ing the emerging process of Collective Self-
Organised (CSO) housing for the constructing
and retrofitting of energy-efficient residential
districts. The project addresses the emerging
and rapidly increasing trend in Europe of CSO
housing.

In a CSO housing process a group of hom-
eowners purchases a piece of land or existing
properties; procure professional companies
for design, construction and maintenance,
and directly manage the project from plan-
ning until delivery and use. CSO Housing is
a growing market. Recently launched policies
and action plans by governments in a number
of EU countries indicate a doubling of the
current market over the next decade. The
demonstration and experimental phase of CSO
housing development has proven the value of
this concept. For instance, in the Netherlands,
in the past 10 years, successful pilot projects
in various municipalities across the country
have been carried out under the SEV subsidy
and supervision programme (SEV, 2010). The
UK government claims that “self-build homes
are often cheaper, greener, more affordable
and more innovatively designed than standard
market housing” (DCLG, 2104), and plans for
an extra 25,000 self-built homes each year.

1.2. Problems with CSO
Design Processes

Anumber ofbarriers and constraints to success-
ful implementation of CSOs have been identi-
fied (Gerohazi et al., 2014). As Sebastian et al.
(2009) argue, the traditional design and imple-

mentation process for housing is fragmented,
inefficient and can lead to “10%-25% loss of
efficiency in each project due to unplanned
redesigns and ad hoc modifications during the
construction. This inefficiency results in delays
inthe delivery, suboptimal end-product quality,
a higher price for the client, and lower revenue
for the building participants” (p. 2).

The CSO housing process, however, inserts
theclientatall stages of design and implementa-
tion, not just at initial briefing stages. A further
complicating factor is the collective nature of
CSO communities and the need for joint deci-
sion making between members of a group that
may include different members at different
stages of the process, as new members join
and others leave (Gerohazi, et al., 2014). It is
to address these difficulties that the particular
Collaborative Design Technology (CDT) model
presented in this paper is proposed.

From the SME perspective, as a sector
they have the power of knowledge, design,
construction and product expertise that ensure
the contractor is the gate keeper to successful
CSO implementation and the adoption of en-
ergy efficiency building (EeB) measures within
CSO projects. Adopting Roger’s Diffusion of
Innovation model (2003), it can be seen that,
with the exception of the first adopters and
innovators, the other adoption groups cannot
be expected to delve into the unknown world
of EeB technology without the guidance and
expertise of qualified contractors. The first
adopters, the innovators, are the only group
that could be expected to implement new EeB
technologies without the support of government
and contractor’s expertise. Without the contrac-
tors knowledge EeB technology would never be
more than a niche market, the majority of the
public will find the process too daunting to start
alone (Olssonetal.,2004). Further barriers arise
due to the iterative nature of the CSO planning
process. Time scales of CSO projects can easily
outstrip more ‘normal’ planning and construc-
tion processes, as designs are negotiated with
community end-users (Gerohazi et al., 2014).

CSO communities, on the other hand, have
the power of choice. CSOs often have more
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power than they presume, as the financier of
the project it is their money that talks. They
are also at the greatest disadvantage, since
they do not have the knowledge or experience
related to the industry and regulatory experts
and the CSO’s experience with EeB construc-
tion may only occur once in their life. For the
CSO the learning curve will be the steepest and
often daunting enough to put many otherwise
enthusiastic CSOs off the idea completely.
Coupled with the great power of finance they
are deeply interdependent with the government
(where grants and subsidies are available) to
motivate the contractor’s interest in EeB tech-
nology (Olsson et al., 2004; Sebastian, 2006).
Governments, both national and municipal,
also introduce constraints to the CSO process,
through financial, regulatory and policy tools
(MacDonald et. al., 2014). By setting the new
standards of practice, barriers and constraints
can promote or limit the design possibilities
available through the use of incentives and
penalties (Guy & Shove, 2000).

The interdependent relationship between
the stakeholders, through the government’s
regulatory power, the SME’s expertise and the
CSO’s financial weight and desire to be fully
engaged in the design and delivery, ensures
the CSO design and implementation process
is complex and uncertain. Sustainable develop-
ment is dependent on the balance of this power
in the decision making process, sustainability
requires sustainable relationships (Olssonetal.,
2004). The balance of competing demands is
essential for successful projectimplementation.

Efficiency is of the utmost importance to
the contractors involved. This is accomplished
through the adoption of clear definitions and
project scope. Their interest is to provide a
quality product, at cost and on time to assure a
successfully executed project. Low uncertainty
will guarantee that the project is completed
within the description of scope, on time and on
budget. The long term utility and performance
of the building is not of high priority to the
contractor as long as they have fulfilled their
responsibilities of quality during the construc-
tion of the project (Olsson et al., 2004).

Effective results are also of the greatest
interest to CSO end-users. As the stakeholders
with the greatest personal investment of capital
they look for good value and products/services
that are low risk. They also have the greatest
interest in project flexibility, as flexibility al-
lows a project to be more closely adapted to the
needs of the owner as the project progresses.
Flexibility during the project helps to guaran-
tee long-term utility but it comes at the cost
of project efficiency (Sebastian et al., 2009).

The CSO approach necessitates a change
in role and traditional function of these three
stakeholder groups. In the traditional approach
to urban planning and city development, re-
gional authorities and municipalities dictate
top down the priorities, the main structure,
the volumes, local zoning plans, what will be
build, what it should look like and what target
groups are supposed to live there. With CSO
projects, however, the situation is considerable
different, and to a certain extent upside down. It
is a group of individuals that commit, plan, and
design the way they want to live. The role of the
municipality is reduced to justify and approve
the plans, to direct them in the way forward,
remind them of formalities, and in the best case
negotiate the land. It requires a less descriptive
character of planning and procedures.

Traditionally, architects have acommercial
perspective on their role in the process. Many
of these businesses are not used to working
for collective groups of clients, with the par-
ticipatory design approach this entails. For
contractors, suppliers and consultants itis often
more complex and demands more explanation
compared to regular cases where one deals with
professional stakeholders. In a small number of
cases the misinterpretation between end-users
and contractor has led to conflicts, financial,
organisation-wise and/ or coordination-wise. As
end-users keep on changing their wishes up to
the end of the project, and a contractor prefers
to have things decided upon as early as possible,
this is a great challenge. Many end-users have
started the CSO housing process for several
reasons, such as ideology, better living quality,
social cohesion, environmental reasons etc.
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Almost all have had an unrealistically positive
image of the process. (Gerohazi et al., 2014))

Architectural design is the creative indus-
try within the construction sector with a total
market value exceeding 15 billion Euros (Mirza
& Nacey, 2008). There are about 550.000 ar-
chitects in Europe; most of them work in small
and medium sized enterprises (SMEs) thathave
suffered from the recent economic crisis across
Europe. To address this, they urgently need to
increase their efficiency and competitiveness.
One method of achieving this is through the
use of new ICT technologies (Evgeniou et al.,
2013). PROFICIENT addresses this need by
customizing, configuring and demonstrating
emerging CDT solutions for architects, espe-
cially regarding Building Information Models
(BIM), parametric modelling, and Virtual
Reality (VR). The technical aspects of the
CDT-solutions are summarized in the section
on adoption of state-of-the-art CDT solutions.

PROFICIENT will also develop a net-
worked business model to bring the knowledge
and tools developed to the target group of Eu-
ropean architects and other stakeholders. The
business model will focus on the development
ofacomprehensive and easy to handle platform
for provision, learning and exchanging state-
of-the-art CDT solutions. An e-marketplace
will be part of the platform. The marketplace
will allow technology providers to develop and
market innovative CDT solutions based upon a
combination of BIM, semantic and parametric
modelling as well as advanced mobile AR/VR
user interfaces. At the same time, the contents
of'this platform and e-marketplace will be used
for embedding CDT solutions in practice and
education through Continuous Professional
Development (CPD) for professionals and
university curricula for architecture students.
The proposed business model will be elaborated
in the section on the CDT business model and
e-marketplace. The CDT tools that will be de-
veloped in PROFICIENT will be demonstrated
ina CSO/IFD use case, which will be described
later in this paper.

2. ARCHITECTURAL DESIGN
AS A SYSTEMIC PROCESS

The architectural design process can be de-
scribed as reflective conversation between the
individual designer and the design situation
(Schon, 1984). According to this concept,
designers operate by labelling the parameters
of the situation, framing the design problem
in a specific way, making observable moves
towards the solution, and evaluate these moves.
From this perspective, the entire architectural
design process can be described as a sequence
of design activities, each of which is conducted
within a specific frame during which managerial
and design decisions are made (Valkenburg &
Dorst 1998; Zerjav et al. 2013). As the design
process enfolds these frames are each concerned
with different tasks, starting from identifying
user requirements for the building(s) to be
designed, comparing different configurations
of the building to fulfil these requirements,
developing specific conceptual designs for a
number of chosen configurations, to the final
representation of a solution allowing for further
discussions with users and providing the input
for the subsequent engineering steps based
on the configuration method. These steps are
repeated throughout the different stages of
the architectural design process, from initial
urban planning and location selection activi-
ties through to the final layout and floor-plan
design of buildings.

The above described micro-level design
process is interconnected with the management
ofits organization at the process-level of design
(Dorst, 2011; Luck, 2012; Stumpf & McDon-
nell,2002). Therefore, itis not surprising thatthe
above outlined steps of the architectural design
process have been strongly institutionalized in
the past within norms and guidelines. One of
the most stringent and prominent norms is, for
example, the German ‘Honorarordnung fiir
Architekte und Ingenieure’ (HOAI 1999) that
defines specific payment cycles for the entire
architectural design process. Another example
for the use of the implementation of the above
steps was conducted within the American
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Institute of Architects (AIA) owner-architect
agreements (AIA, 2013).

Recent studies have shown that each of
these tasks can be supported by the targeted
application of building information models
(Hartmann et al. 2008). Many studies have, for
example, provided evidence that BIM based
visualizations can support communication tasks
of designers and can help to develop design
knowledge together (Yan et al. 2011; Meza
et al. 2014; Heidari et al. 2014). Additionally,
the parametric possibilities of state-of-the-art
BIM software allows for the quick development
and evaluation of design alternatives and for
the possibilities to run advanced simulations
(Clevenger etal. 2013; Gane et al. 2012; Welle
etal. 2014). Many practice based studies of the
application of BIM also have shown that to sup-
portspecific design tasks within specific frames
oftenisunproblematic both from a technological
support as well as from a practice perspective.
However, supporting the exchange of informa-
tion from one frame to another frame still poses
significant problems (Jernigan, 2008). In prac-
tice, these problems more and more manifest as
architectural design practice becomes more and
more integrated, iterative, and scenario based
to account, for example, for energy efficient
design requirements (AlQahtany etal.2013) or
to allow for closer participation of the end users
within the design process (Sebastian, 2006).
Integration of design tasks and their frame, in
turn, require better process guidelines for BIM
based information exchange.

Because of this requirement itis not surpris-
ing that researchers have started to develop a
number of integrated process frameworks that
map best information exchange practices for
various design tasks, such as, among others
hospital design (Amstel et al. forthcoming) or
subway station design (Hartmann & Fischer
2007). Despite the rising popularity of CSO
housing design, however, to the best of the
authors’ knowledge, no process framework
exists to support this emerging practice. To
overcome this gap this paper introduces such
a method and discusses an illustrative imple-
mentation of the method on a CSO housing

project. Before describing this illustration and
the method applied for the illustration, the next
section introduces the BIM-based CSO design
method in detail.

2.1. Adoption of State-of-
the-Art CDT Solutions

Architecture is broadly acknowledged as the
backbone of creativity and the gateway for
innovation within the construction sector
(Boland et. al, 2007); a sector that is critical
to the sustainability of European society and
built environment. Construction is the largest
European single activity (9.6% GDP) (Mirza
& Nacey, 2008). Buildings are responsible for
40% of the total EU energy consumption and
CO2 emission (Amstalden et al., 2007).

Architectural design is different from
most creative industries, in that it is highly
constrained by external social and technical
factors. To develop feasible design solutions,
architects need to have deep insights into the
structural mechanics of buildings, building
production techniques, energy performance,
functionality of utility systems, organizational
processes of building users, construction and
exploitation cost, environmental aspects and life
span considerations. As a result, architectural
design can only be successful if the architect is
collaborating intensively with civil engineers,
building contractors, component suppliers and
most important the client/end-user. To support
this collaboration, architects increasingly need
the technological support that emerging CDT
solutions offer (Petrick et. al., 2002).

CDT solutions can enhance the develop-
ment of participatory and concurrent archi-
tectural design processes. Here, Participatory
Design (PD) refers to a design approach, which
entails an active involvement of end-users
through decision-making processes in the
whole design process. During PD processes,
CDT solutions allow end-users to focus on the
functional and spatial performance of specific
architectural design alternatives.

Complementary to participatory design,
concurrentdesign (CD)referstoadirectcollabo-
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Table 1. Advantages for architects engaged in CSO of BIM

BIM will shorten the time needed to explore and validate multiple design alternatives;

offering extra competitiveness;

BIM allows for the visualization of design solutions on a higher level compared to traditional 2D/3D solutions

raised competitiveness;

BIM will make it possible for architects to integrate information from other disciplines to create a design that
can show the feasibility of meeting the multiple performance demands of a client within the design process (e.g.
energy performance predictions compared to quantified cost estimations can be offered), which is a milestone of

BIM will reduce potential failure cost by reducing design iterations and more important building defects;

Facility Management software applications can be interfaced with BIM, providing two way data exchange. These
end-user tools are dealing with optimisation of the exploitation and management of real estate.

ration between professionalsin collective design
activities to increase possibilities for specialized
knowledge sharing and development. Both
processes, if organized adequately, can reduce
the transaction costs of architectural design
processes. CDT solutions support specialist
knowledge exchange and generation through
increased inter-firm interaction, focusing on the
technical aspects related to the feasibility of the
building process. They enable the architect to
offer new and innovative products, solutions,
applications and services. The underlying
ICT-technologies (semantic BIM, parametric
design, CMO, Virtual and Augmented Reality
and BIM-linked end-user solutions) are briefly
introduced below.

2.2. Building Information
Modelling (BIM)

With BIM a new way of modelling for the
Building & Construction industry has been
introduced. BIM consists of shared knowledge
resources to support decision-making about
the building from earliest conceptual stages,
through design and construction, through its
operational life till demolition. BIM is as such
a basic condition for collaborative design and
construction.

BIM’s object oriented and semantic ap-
proach provides a better understanding of what
is actually modelled compared to traditional
CAD-systems. As a result, the feedback from
the software is more detailed and meaningful.

Communication between applications and
disciplines is strongly improved. BIM is es-
sential interfacing the design with all kinds of
innovative user applications, such as energy
performance assessment tools, lifecycle cost
calculations, facility management tools, virtual
and augmented reality, and geographic and
indoor positioning systems (Smith, 2014). The
current BIM content is mostly exchanged via
the open standard IFC (ISO 16739:2013). Some
important drawbacks ofthis standard are solved
via Semantic Web technology form W3C.

The implementation of BIM at an earlier
stage of a project (compared to the regular
workflow) can benefit architects engaged in
CSO developments in the following ways as
shown in Table 1.

2.3. Parametric Design Technology

Parametric design technology allows the genera-
tion of design content from a family of initial
parameters and the design of the formal relations
they keep with each other. Using these vari-
ables to generate a hierarchy of mathematical,
semantic, and geometric relations, this allows
the exploration of a whole range of possible
solutions by varying the values of the initial
parameters.

Architects can benefit from implementing
the parametric design technology in the follow-
ing ways as shown in Table 2.
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Table 2. Advantages for architects engaged in CSO of PDT

Reuse of models and data in previous projects becomes possible via building up libraries of Parametric Models.
Each project is different, but many of the previously used components will share the same concepts. A parametric
description potentially reduces repetition of work and makes the work more interesting.

Many complex designs are only possible with the support of parametric design, hence opening up complete new
areas for architectural design creativity.

Consistency between parts of a design is covered better when using parametric design. Especially in the early
design stages, initial ideas can change and designs and assumptions have to be reconsidered in turn. Parametric
design can help by keeping designs and requirements consistent throughout the iterative design process.

Parametric design will allow architects to generate more alternatives by structurally exploring the design space.

Parametric design will allow for the inclusion of different technical and social constraints within the process of
systematically generating alternatives. This will support the creative design process as architects will not need to
worry about developing unfeasible solutions.

Parametric design will allow architects to evaluate alternatives according to multiple criteria for which indicators

can be quickly calculated according to specific parameter settings of a generated alternative.

2.4. Concept Modelling
Ontology (CMO)

CMO is a standard based in Semantic Web and
inheriting its benefits. CMO with Extensions
is an extension of CMO that also supports
storing and exchanging parametric design.
CMO-technology connects the parametric
design tool to BIM. Using semantic BIM and
CMO within parametric design tools can al-
low architects to overcome the limitations of
the traditionally purely geometric parametric
modellers. Architects will be able to generate
and evaluate alternatives throughout each stage
of the design process using intuitive natural
language interfaces. This will substantially
increase the amount of design alternatives that
can be generated and evaluated.

CMO is a reusable, generic ontology that
enables semantic parametric design modelling
capabilities. Semantic Web (W3C) technology,
building on the W3C OWL language, is the
perfectmedium for developing large-scale, web-
based, multi-stakeholder information structures
and ontologies. These structures and ontologies
can be used for knowledge management and/
or data exchange.

Some essential modelling capabilities (in-
gredients) are modelled once only in CMO and
then can be reused every time needed. CMO
is imported in all CMO/OWL2-compliant end-

user ontologies. CMO is a fully open standard
that canbe freely reused without any constraints
as itwas developed in several EC supported re-
search projects (Odysseus, V-Con, EcoDistrict).

Architects can benefit from implementing
CMO in the following ways as shown in Table 3.

2.5. Virtual and Augmented
Reality (VR/AR)

Graham et. al (2013) explain augmented reality
(AR) as the material/virtual nexus mediated
through technology, information and code,
and enacted in specific and individualised
space/time configurations, that is the physical,
real-world environment whose elements are
augmented (or supplemented) by computer-
generated sensory input such as sound, video,
graphics or GPS data. By contrast, virtual reality
replaces the real world with a simulated one
(Petrick et al. 2002). With the help of advanced
AR technology (e.g. adding computer vision
and object recognition) the information about
the surrounding real world of the user becomes
interactive and digitally manipulative. Artificial
information about the environment and its ob-
jects can be overlaid on the real world.

The development of custom VR/AR
interfaces upon BIM allow for the seamless
representation of parametrically generated de-
sign solutions to all important stakeholders at
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Table 3. Advantages for architects engaged in CSO of CMO

CMO enables reuse of parametric design and libraries in several software packages

CMO is an open standard and vendor independent. Hence, using CMO will allow cooperation between partners that
work with software from different vendors. Especially SME’s will benefit from such vendor independence enabling

them to work more flexibly on different projects.

As SME’s do not have the power to influence large software vendors, vendor dependency is an important issue.
Becoming vendor independent by using CMO is a very important stepping stone for increasing the competitive

advantage of European architects.

a specific stage of the design. Transaction and
opportunity costs of design content and plan-
ning meetings can thus be drastically reduced.

Virtual and Augmented Reality technolo-
gies tie together the semantic and parametric
design technologies and make them intuitively
and seamlessly available within participatory
(PD) and collaborative (CD) process. Virtual
reality will support the clear representation of
the many design solutions that can be generated
by parametric modelling applications. To this
end, VR can provide detailed representations
of technical details for very specific design
activities, as well as holistic representations
of design alternatives for communication
tasks with stakeholders within the value chain.
Contributing to the possibilities of VR/AR will
allow moving design activities to the field to
seamlessly integrate the existing conditions of
the urban fabric that poses the main constraints
to architectural creativity. AR will allow for
the integration of information about existing
constraints, but also for directly developing

design solutions while creatively interacting
with these constraints.

Architects may benefit from implement-
ing VR/AR in the following ways as shown
in Table 4.

3. NETWORK BUSINESS
MODEL TO PROVIDE
ARCHITECTS WITH
INNOVATIVE COLLABORATIVE
DESIGN TECHNOLOGY

(CDT) SOLUTIONS

Besides customizing, configuring and demon-
strating emerging CDT solutions for CSO hous-
ing development, PROFICIENT also proposes
a business model to bring the knowledge and
tools developed to the target group of European
architects. The business model focuses on the
development of a comprehensive and easy to
handle platform (web portal) for provision,
learning and exchanging state-of-the-art CDT
solutions. An e-marketplace will be part of

Table 4. Advantages for architects engaged in CSO of VR/AR

VR/AR enhance the quality of communication by replacing the typically used 2D drawing print outs that are not easy
to handle and only provide a limited information density. The enhanced quality of communication VR/AR offers will
speed up the decision making processes and allow for deep understanding of the expected result by experts and clients.

VR/AR allow for design adjustments before they create extra planning costs and investments costs for double work of
other experts involved, such as, for example, structural engineers who regularly follow the workflow of the architect.

technical objectives.

VR allow architects to visually evaluate different parametrically created alternatives according to both, aesthetic and

VR allow the inclusion of a wide variety of specialist and non-specialist stakeholders in the design process.

AR bring the design process to the field providing architects and their stakeholders improved possibilities for including
the construction site and existing building condition within their design activities.
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the platform, to allow technology providers to
develop and market innovative CDT solutions
based upon a combination of BIM, semantic
and parametric modelling, as well ask ad-
vanced (mobile) AR/VR user interfaces. The
e-marketplace will allow for a quick and easy
uptake of CDT solutions by architects. Bringing
innovative technology providers and architects
together will fully allow architects to leverage
the potential CDT solutions offered in order
to widen creative possibilities and improve
efficiency. At the same time, the contents of
this platform and e-marketplace will be used
for embedding CDT solutions in practice and
education through Continuous Professional
Development (CPD) for professionals and
university curricula for architecture students.

As design activities around the built en-
vironment become technically complex (for
example by increasing requirements for energy
life-cycle behaviour) and socially complex
(due to the development of a more and more
pluralistic society), architects need to deliver
creative design solutions thatinclude integrated
performance requirements, which is a difficult
task without the possibility of using advanced
CDT solutions. The intended PROFICIENT
e-marketplace will foster exchanges between
architects and providers of innovative CDT
solutions and will become a catalyst for col-
laboration opportunities, flexible partnerships
and joint business models between the archi-
tectural design SMEs, construction partners and
CDT solution providers. The PROFICIENT
platform will accommodate dynamic matching
processes between designer/ user requirements
and CDT solutions and the associated businesses
respectively.

At the e-marketplace ICT-suppliers of-
fer their commercial CDT solutions and
architects/ ICT-clients can communicate their
specific questions, requests and requirements.
Clear communication will allow shaping
flexible partnerships and joint business mod-
els between the architectural design SMEs,
construction stakeholders and CDT solution
providers. The e-marketplace will be used to
implement new ways of collaboration based

on project collaboration (ICT-supply just for
specific projects), SaaS-contracts (Software
as a Service, preventing large investments in
software and hardware infrastructure), shared
investments (ICT-investments shared by the
building consortium) and partnerships between
architects and ICT-providers based on a jointly
adapted business model. In essence, new forms
of collaboration will be made available on the
PROFICIENT-platform between architects and
technology providers.

*  The PROFICIENT business model for the
leveraging of innovative ICDT-solutions
to European architects consists of the fol-
lowing elements:
> An e-marketplace where commercial

ICT-suppliers offer their products and
services to the target group.

o Demonstrations of the potential of
emerging CDT solutions forarchitects
by way of impact case studies.

o Free downloads of open standard
basic software developed in previous
EC-supported research projects (IFC
toolboxes/CMO tools/Open Source
BIM Server).

o Commercial software applications
and end-user tools that are highly
customizable and flexible adjustable.

o E-learning material to be used for
self-instruction and CPD (Continu-
ing Professional Development) and
in university curricula.

o Creative business strategies to ac-
commodate the limited investment
resources of architecture SMEs based
on smart partnerships between archi-
tects and ICT-suppliers.

»  Differentexamples that show the possibili-
ties in practise:

o Anexampleofacollaborative applica-
tion that supports users and architects
to jointly design floor plans.

°  An example of a core design for
a so-called CSO (Collective Self-
Organized) Housing project will show
how a CAD-design is translated into
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Table 5. Advantages for architects engaged in CSO of the PROFICIENT business Model

Direct, fast and unambiguous communication with all stakeholders, which enables the architect to better direct the
design efforts towards societal and organizational needs of clients.

Direct and fast access and use of various sources of knowledge, solutions, ideas and innovations for full and holistic
architectural and design integration as early in the process as possible. This allows for the fast but accurate exploration
and (re)setting of design parameters together with all stakeholders through ‘many-to-many’ (visual) communication.

Digital information exchange enabling international collaboration between different designers and streamlined
communication between the architects’ offices and building sites. These possibilities for digital information exchange
will increase the international competiveness of European architects.

Quick and accurate feedback on the performance of design alternatives. Such feedback will significantly increase
building performance by improving the design process for a single building and by providing advanced possibilities
for learning across a number of building design projects.

State-of-the-art stylish and highly visual company, portfolio and design presentations.

Delivery of end-user tools, connected to design and BIM, enabling post construction services extended to the

exploitation phase that can be offered by architects.

a BIM-model, how the end-user can
use the parametric tool to adapt the
design of his/her particular house to
individual demands.

°  An example of the application of
virtual and augmented reality in a
refurbishment design to project new
design alternatives onto the existing
situation for decision making, clash
prevention and planning of logistic
operations.

°  An example of a 3D laser will show
how highly accurate representations of
existing conditions can be integrated
in VR environments for architectural
design.

°  An example of collaborative work
withinavirtual environment will show
possibilities for how ICT-solutions
can support creative design in cases
participants of the design process are
not co-located.

These elements will result in the following
ways as shown in Table 5.

3.1. Example: Use lllustration
- IFD/CSO-Housing

The potential, advantages and benefits of the
CDT solutions will be shown in an illustrative
example. We have chosen a modular building
system, also known as IFD (Industrialised
Flexible and Durable Building) to develop the
example. The state-of-the-art concept of IFD
solves the fragmentation problem and moves
the construction industry towards a customer-
focused production and project delivery. In
PROFICIENT, the IFD-concept is transformed
into a business concept that will realise the
application for CSO-housing, in combination
with a maximum involvement of local SMEs,
and the application of energy-efficient hous-
ing systems. The core of the building concept
is the standardised production of components
and structural frame, coordinated installation/
assembly services by SMEs, and flexible infill
by the CSO homeowners with the support of
local SMEs.

3.2. Flexibility Options

Table 6 below shows how the illustration will
address the required flexibility by the end-user,
and which parts of the basic design can be
adapted by the parametric design tool:
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Table 6. Addressing the flexibility requirements of end-users through BIM

Flexibility Aspect Clarification Parametric
Size/type Choose from limited list No
Internal lay-out Choose from examples; adaptable within limitations | Lay-out
Heating/cooling system Select from e-marketplace; specified requirements/ | No
limitations

Kitchen/bathroom equipment Select from e-marketplace; specified requirements/ | Lay-out
limitations

Roof extensions Choice of dormers; roof windows (e-marketplace) No

Floor space extensions Room enlargement; extra room by local contractor | Yes; 3D
or DIY

Conservatory E-marketplace No

Finishing Paintwork; floor/wall/ceiling/fagade finishing | No
(e-marketplace)

4. DEVELOPMENT OF THE
ILLUSTRATIVE CASE

In order to explore the usefulness of the BIM
approach for CSO housing processes a hypo-
thetical, or illustrative, case study has been
developed. By mapping the process by which
architects can work in this iterative way, with
self-organised collective communities who wish
tobeinvolved in all stages of the design process
the potential of this model for improving the
CSO design process can be clarified.

For this example, an Industrial and Flex-
ible Design (IFD) building system has been
assumed. In designing the tool, the following
step-by-step stages have been incorporated
(Table 7).

The illustration outlined below, offering a
three-phase modularmodel is offered to indicate
how the tool will be integrated into the iterative
design process with CSO clients. Screen-shots
are incorporated to provide a clear indication
of how this will be used with clients.

Table 7. Stages in the design of the on-line BIM tool

Design IFD concept (drawings if possible already transferred to basic native BIM)

Transformation of architectural design into BIM-open standard IFC and parametric CMO

Component and finishing options; development of option lists

Connection of option lists to e-marketplace by semantic web

Parametric adaptation of lay-out

Integration of options chosen and lay-out adaptation in existing BIM

VR-representation of integrated design

Energy performance calculation of integrated design; energy cost overviews

Integration of individual houses/designs into a 3D-view on street and district

Integration of energy performance to district level as input for ESCO

Cost calculations on individual and district level

Upload of BIM-datamodel to DEMO RE Suite; production of life cycle management information like maintenance plans
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4.1. PHASE 1: Select the Land
and Shape Your Building

4.1.1. Actions

Implementation of CSO Community > Land
selection and acquisition (from a set of oppor-
tunities provided by the e-Marketplace (e-Mp)
> Choice of the building/buildings type and
their configuration in the land.

4.1.2. Tool

Simple configurator or sketcher (module 1)
(see Figure 1).

4.2. PHASE 2: Design
Your Dwelling

4.2.1. Actions

Development and definition of end-users’ choic-
es > Implementation of matrices of dwelling >
Implementation of dwellings > Development of
Concept Design of building/buildings.

4.2.2. Tool

Simple configurator or sketcher (module 2)
(see Figure 2).

4.3. PHASE 3: Define
the EEB Strategy and
Complete Your Choices

4.3.1. Actions

Implementation of BIM model > Definition of
energy-efficiency strategy - Completion and
finalization of design solution assessing costs
(applying the Participatory and Concurrent
Design methodology).

4.3.2. Tool

BIM, IFC, CMO and parametric design tool
configurator (see Figure 3).

4(1), 1-18, January-March 2015

5. DISCUSSION AND
CONCLUSION

The incorporation of the online CDT BIM tool
into the participatory design process can be seen
to provide an effective tool for the implementa-
tion of streamlined co-design between archi-
tects, other contractors and CSO communities.

The parametric possibilities of the use of
BIM software in this case allows for the rapid
improvement of designs based on the ongo-
ing evaluations made by client groups. The
possibility of providing clients with advanced
models and simulations offers acommon visual
language to both client and architect, whilst al-
lowing constraints put in place by regulations
and planning frameworks to be incorporated into
the design. Considering the value-base of many
CSO communities, the model also allows client
limitations, such as for communal and shared
facilities, EeB design and green infrastructure,
to be built into the design process.

The outcome of PROFICIENT in terms of
economic benefits for architectural firms is to
develop beyond the existing service-oriented
business model. There is a growing demand for
CSO housing in the new building sector and,
regarding climate protection targets promoted
by the EU and national governments, it is ex-
pected that this approach will contribute to the
provision of a climate-neutral housing stock. It
isexpected that in the near future this orientation
might cause a growing demand in the retrofit-
ting housing sector, as well. Many architectural
practices are planning to enhance the services
provided until now in order to match with the
demands of these new market opportunities.
The influence of the new model, created on
the basis of PROFICIENT findings, on the core
architectural service offer has the potential to
radically redesign the existing business model.
This paper has therefore concentrated on the
process of BIM modelling, designed through
PROFICIENT that will impact particularly on
architectural practice.

This process outlined in this paper indi-
cates that the processes of configuration using
the semantic web based platform can ensure
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Figure 1. Simple configurator or sketcher (Module 1)

Actions
Collection of information about
available lands.
Uploading of information in the e-Mpl
website.
L Access of CSO community to the

Frorgt BT opportunities
1 _ OPPORTUNITIES FOR AVAILABLE | Key actors
LAND e-Mp management
CSO community/end-users
kavelgegevens < 4 ‘m\mr Acti()l'ls
‘ : Uploading of detailed information about
the available lands on an “e-Mp
catalogue”.
This action could be made with public or
private agencies or other subjects which
manage this information.
Selection of the land/plot by the CSO
community
The procedure could be quite different
2 _SELECTION OF THE LAND > Plot depending on the Country and/or the
“A” subject that drives the process.
Key actors
e-Mp management
CSO community/end-users

Actions
g For each land a matrix of feasible
typologies of buildings is indicated and
- described into the e-Market catalogue.
Implementation of a simple
configurator or sketcher which will
‘ﬂ allow the end-users to understand
y opportunities and limits of each typology
(for example: n. and type of dwellings,
distribution of staircases, etc.) before
‘“- shaping the building (or buildings) in the

land.
3 _SELECTION OF TYPOLOGIES Key actors .
COMPATIBLE WITH PLOT “A” > Prof?ssmnals (e-Mp managers, facilitators,
IMPLEMENTATION OF architect)
CONFIGURATOR CSO community/end-users
=ET1 EmET Actions

Working on a set of basic (feasible) given
schemes the end-users configure their
preferred solution compatible both with
their requirements and with the city plan,
legislation, technical standards, etc.

The end-users “design” their houses,
common services and external spaces
implementing a basic scheme to be

Key actors

CSO community/end-users
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Figure 2. Simple configurator or sketcher (Module 2)

1 _DEVELOPMENT OF USERS’ CHOICE
AND EXTENSION OF CONFIGURATOR
TOOLS

Actions

Development of configurations

chosen by end-users and

implementation of “feasible”

solutions compatible with the land

restrictions, urban plan, standards,

legislations, etc.

Key actors

v Professionals (e-Mp managers,
software developers, architect)

e e opmows o ldipee fanas iy 50

0 0 00

Actions

Implementation of a matrix of

layouts compatible with the

building configuration (or

configurations) defined in the

previous step.

Key actors

v Professionals (e-Mp managers,
software developers, architect)

2 _MATRIX OF FEASIBLE LAYOUTS

L
]

3 _ DESIGN OF DWELLING USING THE
CONFIGURATOR

Actions

Using the configurator the end-users
can change the lay-out within a
given number of possibilities (they
can operate, for example, on the
dimension, shape and destination of
rooms but not on the position of
kitchen and toilets that depends on
technical restrictions).

Key actors

v End-users

4 _IMPLEMENTATION OF CONCEPT
DESIGN

Actions

Implementation of the first
architectural solutions based on the
end-users’ choices.

Solutions are developed by the
architect discussing with the end-
users (application of Participatory
Design approach)

Key actors

v/ End-users with architect’s assistance
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Figure 3. BIM, IFC, CMO and parametric design tool configurator

Actions

Implementation of the BIM model.

Implementation of a catalogue of

technical solution, component,

materials, etc. (provided by SMEs

involved).

Assessment by the BIM tools of the

compatibility of technical solutions and

components with any possible

configuration.

Key actors

v Professionals (BIM developers, software
developers, architect, SMEs of building
components suppliers)

1 _IMPLEMENTATION OF BIM MODEL

Actions
Definition of Energy Efficiency strategy
m and solutions
- : Assessment by the BIM tools of the
compatibility of EEB solutions with the
building configuration.
it ] Estimation of cost (LCC) related to EEB
solutions.
Key actors
2 _ ANALYSIS OF ENERGY EFFICIENCY | v Professionals (energy efficiency experts,
SOLUTIONS BIM developers, software developers,
architect, ESCOs)

v End-users
Actions
Choices from the catalogue of technical
solution, component, materials, etc.
compatible with the design solution (the
choices are driven by the BIM tools).
Assessing through the BIM:

3 _ CHOICE OF COMPONENT, - performances related to each option;
FINISHING - costs (LCC) resulting from the
different solutions.
Key actors

v Professionals (architect, suppliers,
financial experts)

v’ End-users

Actions

Architectural design of

building/buildings assessing the results

related to the technical solutions chosen

by the users.

Finalization of architectural solution

before starting the construction design.

Key actors

v Architect

v End-users

4 _ FINALIZATION OF
ARCHITECTURAL DESIGN
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the architectural proposition can be offered
more efficiently and therefore economically.
Tailoring solutions to market and client needs
is a key success factor of the CSO approach
and the platform presented here ensures that
the complexity of working with collectives of
clients and the iterative nature of that process
can be incorporated. Without this tool it will
be complicated to create an efficient, effective
and profitable business model, considering the
complicated nature of CSO housing.

This paper has shown that the model pro-
posed here can extend the reflective conversa-
tion beyond the individual designer and the
design situation (Schon, 1984), to incorporate
collective inputs into the design in CSO hous-
ing communities. Thus the model allows an
iterative process to be integrated, enabling
the ‘idealised’ design sequence outlined by
Valkenburg & Dorst (1998) and Zerjav et al.
(2013). The paper supports Hartmann et al.’s
assertion that the architectural design process
can be supported by the application of BIM. As
Yan et al. (2011) argue, BIM can aid commu-
nication between client and architect, which is
especially important in a CSO design process,
given the need to communicate and co-design
with group, rather than individual, clients.
As Jernigan (2008) outlines, the exchange of
information at different stages of the design
between clients and architects is increasingly
problematic, as EeB requirements and the value
base of client groups needs to be incorporated
and end users become increasingly participative
within the process. This paper has introduced
a method and process framework that incor-
porates CDT, BIM and AR/VR modelling into
the participatory design process, addressing the
gap identified in the provision of such systems
for CSO housing.

As this model is developed and refined,
further research on applicability-in-practice is
called for. The efficiency gains for architects
and client groups should be empirically tested
through case examples. The willingness of
architectural practices to engage with the
tools and the networked business model that
PROFICIENT offers should also be explored.

4(1), 1-18, January-March 2015

In conclusion, the CDT/BIM model pre-
sented in this paper suggests a new solution for
co-design in this emerging field of residential
housing that indicates it will address many of
the constraints that can arise when engaging
with multi-stakeholder architectural design in
the CSO housing field.
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