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ABSTRACT:

Sustainability is one of the most important research topics for the Architecture/Engineering/Construction &
Facility Management (AEC/FM) domain. Two basic factors which enable sustainability are the technology
background and the acquisition capability of this technology to the end users — society. Sustainability requires
state of the art technologies which reduce the negative impact of population and affiliation. Key aspects of
such technology are; it should depend on renewable resources, without waste, cyclical, based on resource pro-
ductivity rather than labor productivity, and should even be restorative in its effects on the biosphere. The
problem is, today establishing such technology is not affordable for the average end user. Development, im-
plication, and acquisition of such technologies takes reasonable time though signs from our earth warns us
that we have no more time. The problem itself contains a lot of interoperability challenges in Information
Technology (IT), Process and Organizational levels. Although many governments deploy incentives to pro-
mote investments on sustainable technologies, money is not the only measure for the market penetration of a
technology. A user oriented approach is developed and a proposal is made to elaborate on the problem as a
whole within a reference process model. The model determines the key functions, mechanisms and controls,
to enable the design and development of sustainable technologies and facilitate the acquisition of those tech-
nologies to the society. The process model basically focuses on the Facility Management processes and ad-
dresses many aspects of the problem including financial, legal, and ethical issues. The model benefits from
Customer Relationship Management (CRM) solutions for construction sector from a previous research and
promotes a Service Oriented Architecture (SOA) for tracking the lifetime of sustainable technologies. The
model includes decision support functions for the design phase, marketing and competency functions for the
implication and acquisition phase, and measurement and evaluation functions for the use phase. The prelimi-
nary solution includes business processes rather then IT solutions but interoperability solutions on the IT layer
also have been discussed for sustainable development. The model is under development within the joint ef-
forts of a EU funded FP6 project I3CON (Industrialised, Integrated, Intelligent Construction) and a PhD re-
search. It is believed that the model would facilitate the widespread recognition of the requirement of a radical
switch to the sustainable technologies.
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should even be restorative in its effects on the bio-
sphere. Among all those parameters quality and

1 INTRODUCTION

Sustainability is one of the most important research
topics for the Architecture/Engineering/Construction
& Facility Management (AEC/FM) domain. Sus-
tainability has many parameters which explicitly de-
fine it as the result of technology based on resource
productivity rather than labour productivity, and

standardization are gaining much more importance
since the underlying technological development not
only results in a cleaner, comfortable, healthy, pro-
ductive and relaxing environment for human beings
but also facilitates the development of efficient
manufacturing processes, whilst reducing the
amount of resources used including manpower.
Technology on one hand promises to increase our



quality of life while standardization results with pro-
duction processes which reduces the employment at
production lines (Rosenberg et. al. 1992). Within the
past decade countries which realized the trend
switched to knowledge based economy and trans-
ferred their highly automated — standardized produc-
tion lines to countries which the overall labour is
cheap. Recent progress in world economy shows
that this transformation deeply affected the eco-
nomic sustainability of those countries. A knowl-
edge based economy is highly dependent on Infor-
mation and Communication Technologies (ICT) and
ICT is the key driver for the development of ad-
vanced solutions for Design, Simulation and Auto-
mation. ICT is not only hardware and software but
includes business processes, organizational struc-
tures and people as well, specifically at the interop-
erability level. Integrated Design Process (IDP) is a
nice example for a typical ICT development. Next
phase for ICT development will be based on Service
Oriented Architectures (SOA) and cloud computing
which helps to increase collaboration within the de-
sign team, facilitates platform and location-free in-
teroperability to search for sustainable technologies
while promising solutions for economic sustainabil-
ity of societies.

2 PROBLEM DEFINITION

Although “quality” and “standards” develop in par-
allel to each other, there is also a “contradiction’ be-
tween quality (which within the scope of this paper
we evaluate as the conformance to the end user re-
quirements including the need for economic sur-
vival) and standardization (as a key to automated
manufacturing and mass production). This is one of
the reasons which makes establishing sustainable
technologies harder and non affordable for the aver-
age end user. Development, implication, and acqui-
sition of such technologies takes reasonable time
(Gerard&Guynor, 1996) though signs from our earth
warns us that we have no more time. The problem it-
self contains a lot of interoperability challenges at
Information Technology (IT), Process and Organiza-
tional levels. Although many governments deploy
incentives to promote investments on sustainable
technologies, money is not the only measure for the
market penetration of such technologies.

3 BACKGROUND

Each communication solution has a semantic at the
background. Each system subject to development of
interoperability solutions has ontology. Contempo-
rary Information Technologies (IT) benefiting from
semantics and ontology promises enhanced interop-
erability. Awareness of the available IT for effective

ICT system development enables synchronous &
asynchronous quality control, and facilitates to op-
timize SE (Energy, Exergy, Environment, Ecology,
and Economy). The research depends on four dis-
tinct topics as Building Information Models and In-
tegrated Design Process (IDP), Service Oriented Ar-
chitectures (SOA), Customer Relationship
Management (CRM) & Sustainable Technologies.

3.1 Building Information Model (BIM) &
Integrated Design Process (IDP)

IDP is an interdisciplinary collaboration and com-
munication framework for Architectural and Engi-
neering design. IDP enables architecture to be real-
ized as a communication platform within a Building
Information Model (BIM) at the background and fa-
cilitates Energy Efficient Building Design and pro-
motes the use of sustainable technologies by increas-
ing interoperability & collaboration within the
design team.

IDP is effectively employed for design development
and construction phase, however as a philosophy, it
is a lifetime approach from initial design to demol-
ishment. Measurement and evaluation of these re-
sults are essential but there is no applicable mecha-
nism yet to integrate IDP with the occupation phase.

3.2 Customer Relationship Management (CRM)

Data capable of improving the performance of an
IDP system does not only reside within the process.
Facility Management and end user interaction helps
us to test the performance of the output of the IDP
process. This helps us to understand and learn from
use processes to improve design with our next pro-
ject. Customer Relationship Management (CRM) so-
lutions promise to facilitate information flow from
use processes to design processes through Facility
Management (FM) integration (Ercoskun 2006).

3.3 Sustainable Technology

The core difference between a non-sustainable tech-
nology and a sustainable technology is determined
with a function of impact (I) which is based on
population (P), affluence (A) and technology (T). A
non-sustainable technology is defined with the equa-
tion: I=PxAXT while a sustainable technology is de-
fined with the equation: I=PxA/T (Ehrlich& Ehrlich,
1990). The approach is our kick off point for the un-
derlying research which initial concepts will be pre-
sented.

3.4 Service Oriented Architecture (SOA)

Service Oriented Architecture (SOA) is a way of de-
scribing a business model that uses cloud comput-



ing. In computing, SOA provides methods for sys-
tems development and integration where systems
group functionality around business processes and
package these as interoperable services.

SOA can be realized as “Data as a Service (DaaS),
Soaftware as a Service (SaaS), Platform as a Service
(PaaS), Communication as a Service (CaaS), Infra-
structure as a Service (IaaS) & Monitoring as a Ser-
vice (MaaS). Although SOA is primarily defined as
an IT term philosophically it is applicable to both
processes and organizations which leads us to
lesser-known services under the umbrella “every-
thing as a service” (IBM, 2009).

4 METHODOLOGY

In this paper we evaluate the state of the art of technology
for the construction sector in terms of sustainability. We
will identify key metrics (measures) correlative to the ac-
ceptance factor of eco-tech technologies. Then a refer-
ence process model will be presented (under develop-
ment) which helps to determine key parameters and
metrics that may act as drivers towards sustainability.

5 ENABLING SUSTAINABILITY THROUGH SOA

Within the contemporary business arena, it is rare to find
products sold as-is. The direct marketing research trans-
formed even small units of goods to a subset of pre-
configured services. Wholesale operations benefit from
such approach as well. The main marketing item is usu-
ally enriched with up-sell (i.e. including anchored ele-
ments like sink, oven, etc as a bonus when you buy a new
“kitchen”) and cross-sell (i.e. a bicycle or vacuum cleaner
is given as a gift with the kitchen you buy) opportunities
besides background and foreground services and put into
the market as a “value added” package. This approach
provides a means of flexibility and freedom for individu-
als. One can easily procure a specific marketing item;
configure it as a package with value added services and
resale.

In such scenario SOA becomes an essential foundation.
SOA also promise a degree of freedom and flexibility for
people helping with “designing” this configuration. SOA
enables knowledge brokers to develop on-demand, pay
per use services for whom require a specific know what,
know why or know how. SOA enables:
e Sharing expertise & tacit knowledge and expli-
cate it
Facilitate benefiting from pre-existing know-how
Developing pre-existing know-how with feed-
backs
¢ Guiding individuals to develop their own busi-
nesses

e Facilitate the development of Virtual Organiza-
tions (VO)
e Cheap, pay per use, use on demand services
The model presented in this paper (under development)
presents a process model and the impact characteristics of
various controls & mechanisms within an impact func-
tion.

6 THE REFERENCE PROCESS MODEL

The technology decision & acquisition is composed of
five main processes. These include (Figure 1):

e Inspection: Searching for available technologies
(within the scope of this research, sustainable
ones)

e Selection: Comparing, scoring and selecting the
best or the optimum alternative.

e Decision: Deciding whether if it is possible to
obtain financing for the selected technology, and
it is implementable with current resources, or
otherwise considering to switch to an alternative.

¢ Implementation: Using the technology

e Testing: Monitoring the performance and proof-
ing that the pre defined requirements match with
the actual need.
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Figure 1 The General Layout of The Reference
Process Model

6.1 The Inspection Phase

The inspection for a specific technology requires a lot of
communication and a network for information and
knowledge use (Figure 2, A1, A2, A3). Tacit knowledge
of experts and legal atmosphere with the decision makers
priorities and risk (Figure 2, Al, A3, A4) defines the
boundaries of the knowledge while different methods for
evaluation like experiments, recognition, prediction and
filtering redirect the whole procedure (Figure 2, A3, A4).
The main input is based on socioeconomic factors and
personal values and variables. With the contribution of



software input from office automation and decision sup-
port systems with some coincidences a knowledge scale
is defined which leads us to total information we assume
that is correct. However, a recent survey assumes that the
amount of unique information created in 2009 will be
equal to the total of past 5000 years meaning that inade-
quate information has a potential to easily lead us to
wrong results. Today the vision is not query knowledge.

An offer that is lean, appropriate, examined, and benefi-
cial has a high chance for “investment” to the relevant
technology. Behaviour against the other party is impor-
tant, whereas intensives (which we include within bene-
fits) are a strong driver as well for conviction (Figure 3,
B1). The output of conviction process is a set of appro-
priation metrics.
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Figure 2 Reference Process Model - The Inspection Phase (A0)

We have to find all the relevant knowledge resources,
analyse them in synchronization and retrieve results to be
sure we really have the best information. IntelliGrid pro-
ject is a good example for such efforts (Dolenc et. al.,
2007). The requirement emphasizes the importance of
SOA.

6.2 The selection phase

The selection phase is typically consisted of “Convic-
tion”, “Opportunity Definition” and “Selection” proc-
esses (Lowe, 1995). The conviction process is where we
begin imposing sustainability to the end user.
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Appropriation metrics are based on the identified re-
quirements. These metrics are also based on end user
needs and wants as sustainability indicators which we de-
fine in Section 7.

Opportunity definition (Figure 3, B2) helps enterprises to
develop a vision for the sustainability of their business.
SOA facilitates and increases the reaction capability of an
enterprise against risks. Environmentally sustainable
technologies are contributed as a control for this process
through product databases. The output is an agenda
which figures out all the options, risks and possible pre-
ventive actions for selection process (Figure 3, B3).
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Figure 3 Reference Process Model - The Selection Phase (B0)



6.3 The decision phase

The decision phase is consisted of five processes as
“Evaluation of Competition Atmosphere”, “Evaluation of
Enterprise Capabilities”, “Gap Analysis” (Rogers, 1962),
“SWOT Analysis” and “Final Evaluation” (Figure 4).
The cross match of Competitive Atmosphere and Enter-
prise Capabilities defines a gap which visionary enter-
prises try to bridge with new products (Harrison & Sum-
son, 2002).
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ration, enabling Integrated Design Process (IDP) and fa-
cilitating sustainability. However a location free solution
promises a level of productivity increase which would be
possible to establish through SOA. Ercoskun is working
on an interoperability solution to be used through the
lifecycle of buildings from initial design to the end of
useful life which would facilitate interoperability be-
tween different types of software and knowledge islands
based on SOA.
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Figure 4 Reference Process Model - Decision Phase (C0)

A controller has to be designed here to redirect trends
towards (environmentally) sustainable technologies. A
SWOT analysis helps to refine the risk plan and the deci-
sion is given as the result of a final evaluation.

6.4 The Implementation Phase

While previous processes are applicable for all types of
production processes for sustainable technologies, the
implementation phase is mainly for construction sector
within the scope of the research (Figure 5). For other in-
dustries the main factor of manufacturing is the “product”
itself (Narayanan 2001) while for construction sector it
becomes the “design” (S6zen Z., 1983) and the underly-
ing Building Information Model (BIM). Thus all the con-
trols and mechanisms listed should have a connection to
the background BIM.

Here the problem is software vendors configure BIM
based products in such a way which prevents interopera-
bility. In order to process a specific Industry Foundation
Classes (IFC) file, the underlying software has to support
the information within that file. The only completely in-
teroperable part of BIM is the architectural design itself
(Wix et. al. 2008).

This is however not a big problem since this issue force
design teams to work in synchronization and in collabo-

This model will enable automated, synchronous and ab-
stract information transfer between parties with the help
of a technology called the “Virtual Building Information
Model (VBIM)”. The background data model had been
developed within a PhD thesis and the prototype imple-
mentation is under development.
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Figure 5 The Reference Process Model - Implementa-
tion Phase (D0)



The Implementation phase consists of three main proc-
esses as “Resource Allocation”, “Manufacturing” and
“Construction”. The implementation phase is based on a
standard construction progress though the sustainability
measures will be contributed to “Quality” and “Laws &
Legislation” controls with underlying metrics associated
with the resource inputs in conjunction with technology
related mechanisms. Our next section defines the new
function of “Impact” based on the reference process
model.

7 METRICS AND FUNCTIONS

The metrics being developed within the research are
mostly based on the LEED and BREEAM certification
systems besides some other examples in the world. What
makes them interesting is that a framework is being de-
veloped to calculate the weight factor (importance) of
each parameter which is based on:

e The location

e The culture

e Input from the end user

The metrics being developed will be input to the Euro-
pean Union 6" Framework Programme project I3CON
(Industrialized, Integrated, Intelligent, Construction)
(Karvoven et. al., 2008). Within the scope of the research
we are seeking the relationship between the usage level
of sustainable technologies and the effect of overall per-
formance of the building over its final users in terms of
“health”, “productivity” and “Quality of life from the
perspective of the end user”.

Based on reference process model, the following parame-
ters are contributed to the predefined Sustainability Func-
tion by Ehrlich& Ehrlich, 1990:

¢ Intensives for Sustainability (B1) = (Si) (Gov-
ernmental support to promote sustainable tech-
nologies)

e Number of Patents (Al) = (Np) (within the
scope of our research this is a coefficient of im-
pact where underlying patent results with a sus-
tainable technology or not. Differentiating from
the (T) parameter this is a mean score for all ap-
plicable patents within a country)

e Information Health (A4) = (Ih) (This is meas-
ured with the amount of distributed data used for
query and a statistic evaluation of the perform-
ance of background algorithms used while this
data were being analyzed).

e Appropriation to Owner (B1) = (Oa) (This is a
parameter measured with the scope change of a
project from the initial design to the operational
phase of a building, thus has a negative effect
over the sustainability)

e Appropriateness to End User (B3) = (Ua) (This
parameter will be calculated with comparing the
defined performance against the en users’ health,
productivity and quality of life based on the sub-
jective inputs retrieved. To establish an objective
value these inputs will be cross matched with the
physical properties of the environment).

e Interoperability Level (D0) = (I) (Typically
SOA implementations will earn higher scores
and this parameter will positively effect the im-
pact).

¢ Financing Capability = (F) (This is a coefficient
which tracks if the money is used for the right
purpose.)

e Resource Productivity = (R) (This is a parame-
ter which is based on overall resource use from
design to the end of life of manufactured and/or
built entities)

e Decision Health (C5) = (Dh) (This is a score at-
tached to clients based on their future perform-
ance with their decisions, with the factors affect-
ing their decision through CO process. Dh
contributes as a coefficient to the equation)

No function is designed at this phase of this research
hence it requires statistic data and case studies to find the
real effect of the parameters. For now we don’t know if
the parameters affecting the overall impact exponentially
or linearly. What we can do at the moment is to only
identify and select the most important variables to design
a function of sustainability.

8 CONCLUSION

The process model and metrics represented in this paper
are under development. The weight factors of variables
and their real effects over the functions are being ana-
lyzed. The current state of the research only shows the ef-
fect of factors, whether they increase or decrease the
“negative” impact over environmental, social or eco-
nomic sustainably:
¢ Environmental Sustainability: Reducing the eco-
logical footprint of artificial facts made by hu-
man beings. Switching to the environment
friendly and preserving technologies.
® Social Sustainability: Continuity of cultures, and
nations
e Economic Sustainability: Establishing a financial
strength for surviving and maintaining an opti-
mum level quality of life based on the available
technology.
Sustainability defines how mankind would maintain its
existence on our home planet — earth. Globalization and
relevant economic trends threaten the wealth and sustain-
ability of societies while wildly consuming world re-
sources. We need criteria to evaluate new products and
services which would facilitate to discard ones threaten-
ing our future whilst providing guidance to improve sus-



tainable ones. Although standards, laws, & regulations
are formed somehow with the same objective, continuous
monitoring is essential. Contemporary ICT with the sup-
port of SOA promise effective support to support such
monitoring.
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