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Preface

This volume 111 of the WBC16 proceedings is focusing on the building-up and shaping of
intelligence into our built environment for life. In total, the 61 papers with the 735 pages are
advancing such intelligence in diversified contexts across the globe.

In Section 1, firms, business operations and knowledge embedded within the building and
construction sector are being built up in terms of business development, market creation, strategic
differentiation, competitiveness, knowledge, organisational learning and social responsibility.

In Section 11, life-cycles and sustainability within the built environment are being built up in terms
of building adaptability, life-cycle maintenance, virtuous and economic sustainability, green
business modelling, performance based building, manufactured green buildings, concrete facades
renovation, construction materials stewardship, live energy and urban water management.

In Section 111, building information modelling (BIM) is being shaped in terms of business value
delivery, BIM with Lean Construction, BIM with GIS, data-driven projects, perceptions among
clients and users, overcoming barriers, meeting challenges, implementation, predictive semantic
inferences and knowledge acquisition.

In Section 1V, many novel solutions based on information and communication technologies (ICT)
are being shaped in terms of Big Data, integrated and quasi-automated procurement, augmented
reality onsite, text mining, virtual reality headsets and smart safety vests.

In Section V, contracting forms, risks and legal issues are being shaped in terms of a “Next Step”,
highly economic alliancing, organisational economics, PPPs, risk sharing, extra contractual,
context-specific concerns, the concurrency and analysis of delays as well as the adjudication of
payment claim disputes.

In Section VI, construction project management (CPM) is being shaped in terms of PM design,
stakeholder management, safety design and constructability, time management and space charts
as well as cost control via Kaizen and contingencies.

Arto Saari

Tampere University of Technology
May 2016

Pekka Huovinen
Tampere University of Technology
May 2016
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The Business Development Management Function:
Processes at the Front of the Front End of the
Management of Projects

Hedley Smyth,
Bartlett School of Construction and Project Management, UCL
h.smyth@ucl.ac.uk

Abstract

The strategic front-end of the management of projects is where the construction is scoped,
defined and designed client-side prior to engagement with main contractors on the supply side
through procurement. At the front of the front end on the supply side is the business
development management (BDM) function, the euphemism for sales. BDM is claimed to be
isolated from other processes along the project lifecycle. Applying marketing theorization
around securing work and delivering value for the analysis, this paper addresses BDM in ten
major contractors to examine the extent of integration. Marketing offers three theoretical
lenses: the transactional marketing mix, the more transformational relationship marketing and
the current emergence of the service-dominant logic. Each lens facilitates conceptual
evaluation of BDM in terms of current practice at the front of the front end, the extent of
integration in the project lifecycle from its own theoretical position, and the rigor of value
propositions and delivery. This is complemented at a detailed BDM level by an interaction
sales approach. The findings show elements of all theories across the main contractors and in
BDM processes in each contractor. A lack of integration is evident using all three analytical
lenses and value propositions and delivery are constrained as a result. Management awareness
of theory and applied configurations in BDM are thin and provide an explanation for the low
integration, resulting in firms constraining their ability to effectively articulate and
differentiate value propositions, deliver value propositions to clients and constrain growth in a
competitive market.

Keywords: Business Development Management, Marketing Mix, Relationship Marketing,
Service-Dominant Logic, Value Propositions



1. Introduction

The strategic front-end of projects is where construction is scoped, defined and designed
client-side prior to main contractor engagement. At the front of the front end on the contractor
side is the business development management (BDM) function, the euphemism for sales.
Projects are specific assets, where selling occurs prior to production to contract. A long period
of selling is typical whereby BDM is engaged with selling prior to a specific project and then
BDM is injected into the project front end once the specific project is identifiable.

The sales function includes securing sales and delivering value. The emphasis between the
two varies conceptually according to the underpinning marketing theorization. There is
broadly one transactional approach, the marketing mix, and two transformational approaches,
relationship marketing and the service-dominant logic. The transformational approaches
place more emphasis on value. The sales function has been neglected in the extant
management and marketing literature, especially in regard to value (e.g. Jones et al, 2005;
Haas et al, 2012). Sales or BDM has received minimal attention in construction (Smyth,
2000). Marketing and BDM are claimed to be isolated in the project domain (Pinto and
Covin, 1992; Turner, 1995). This paper tries to address BDM operations. It investigates: (i)
range of activities conducted within the function and related to this (ii) the extent of
integration with other functions along the project lifecycle. Applying marketing theorization
around securing work and delivering value for the analysis. At a detailed level of BDM an
interaction sales approach is employed (Haas et al, 2012).

Methodology and methods are interpretative and qualitative. The empirical evidence is drawn
from 10 main contractors to examine the way selling is conducted and how value is addressed
for delivery and realization. The findings show elements of all three theorizations
underpinning BDM processes across the contractors, yet selling is largely conducted without
strategic and tactical guidance. Integration is minimal, affecting value propositions,
relationship management and practices of co-creation of value. Contractors therefore
constrain their service provision from the outset of the project lifecycle. The paper concludes
that management lack awareness of theory and a systematic approach to BDM. This
constrains selling capabilities, configuring valuable propositions and value realization by
clients post-completion. Construction firms therefore curtail potential market growth.

Structure of the paper is traditional: a literature review, methodology and methods, findings
and analysis followed by the conclusions and recommendations on BDM in construction.

2. Literature Review

2.1 Marketing Theorization and the Strategic Project Front-End

The management literature has emphasized the business model concept in recent years (e.g.
Zott and Armit, 2008). Business models embody strategy, structure and processes with an
associated earning logic of revenue and profit. The marketing strategy, of which selling forms
a part, is part of the model, even though the mainstream management and marketing literature
have few overt connections. Marketing and sales has two main components: securing work
and delivering value in order to grown and sustain a reputable business. Although the
theoretical approach to marketing affects the emphasis between selling and value, both are
necessary to secure new and repeat business, especially project markets (Smyth, 2015).

Marketing has developed three main theoretical lenses: the transactional marketing mix (MM)
(Borden, 1964), the more transformational relationship marketing (RM) (Berry, 1983) and the
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current evolution of the service-dominant logic (S-DL) (Vargo and Lusch, 2004). There are
other important contributions, for example entrepreneurial marketing (Morris et al, 2002) and
the RM variant of project marketing (Hadjikani, 1996). The lens applied will be largely
limited to the three mainstream theorizations. Entrepreneurial marketing has hardly been
addressed for projects and in construction, while the status of project marketing has been
addressed elsewhere, including the extent to which it is a theorization (Smyth, 2015), yet it
will be referred to where relevant.

The marketing mix or MM arose from economics around the exchange process and was
founded in reference to mass market consumer goods. The emphasis is upon key inputs
(McCarthy, 1964) on the assumption suppliers know what they want and choose from
predetermined offers on the market. The customer is largely passive until active at the point
of exchange. The emphasis is upon selling products and services, value being largely
determined from the inputs. In construction, application is conceptually limited because main
contractors have few controls over the key inputs apart from price. Additionally, sales occur
ahead of production and the exchange occurs over the project lifecycle. However, it was used
extensively within the conceptual limits as means to secure work based upon past inputs, that
is track record by sector and building type (Smyth, 2000).

Relationship marketing or RM was founded in the market for intangible business-to-business
(B2B) services (e.g. Gronroos, 2000). The emphasis is on process. Selling is conducted
through organizational and network relationships, supported by systems and procedures to
manage the process. The customer or client and other stakeholders are active and relationship
management extends into operations in support (e.g. Ford et al, 2003). Relationships are
conceived as delivering value and content is negotiated and customized. RM conceptually
aligns with construction. Clients are to be managed as much as projects and between projects
to manage the sleeping relationship (Hadjikani, 1996), for example through a key account
management (KAM) function (Smyth and Fitch, 2007). RM adoption in construction is partial
and has lagged many sectors, commitment being incremental (Smyth, 2015).

The service-dominant logic or S-DL emerged a decade ago (Vargo and Lusch, 2004). The
emphasis is on value outcomes. Customers are most active, conceived through the axiom of
the co-creation of value (Vargo and Lusch, 2015). Value is co-created through organizational
resources being combined. In projects informs the configuration of value propositions that
can optimize value realization in use and in context (Akaka et al, 2013, 2015). Theoretical
development has identified co-creation occurring through dialogue (Ballantyne and Varey,
2006) and interaction (Edvardsson et al, 2011). Interaction brings forward some the RM
tenets again. In projects, value in context and use echoes the renewed call for a focus upon
benefits delivery and impact (Morris, 2013). In construction, the S-DL implies a medium-to-
long term view, which is at odds with the short-term incentive structures of management,
financial and stock markets (cf. Smyth and Lecoeuvre, 2015). It accords with addressing
client organizational problems or servicing the core business for which valuable projects are
the solution. It also addresses total asset management, facilities, whole life cost and
potentially responding to climate change issues. Marketing theorization can both articulate the
current state (Vargo and Lusch, 2004) and carry normative content (cf. Prahalad and
Ramaswamy, 2004). The S-DL has yet to be picked up prescriptively in construction practice.

Changing theorization has shifted the approach to value. From the tangible input focus pre-
determined by the supplier to a perceptual primary outcome focus realized value in use and
context, marketing has increasingly been decoupled from the exchange with price as the
measure of value. Yet the emphasis upon price through competitive bidding for construction,
the bidding process is also largely decoupled because the bid price typically has little to do
with the incurred cost at the time of the final account when the exchange process is complete.
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BDM involvement occurs prior to any project. This is part of client management or KAM and
operates at a programme management level of the contractor to maintain the relationship,
manage service consistency and workload continuity (Smyth, 2000). This is particularly the
case where potential and repeat business clients are perceived as valuable to the supplier in
terms of growth and profit. The client lifetime value derived the project value of work over,
say, 7-10 years is significant to project businesses although many contractors retain the
transactional focus upon projects as the main unit of financial consideration (Smyth, 2015).

BDM engages with projects at the front-end where the investigation of client needs and
configuring solutions is explored in the main contractor. Previous research has pointed out
that marketing occupies an isolated position in regard to project management (Pinto and
Covin, 1992; Turner, 1995). Yet somewhat paradoxical, there is an argument claiming BDM
is a subset of project management, for example applying a funnel approach to link them
(Cooper and Budd, 2007). This raises analysis of BDM at a more detailed level.

2.2 Business Development Management in Construction

Selling in the extant management and marketing literature has been neglected (Jones et al,
2005; Haas et al, 20102). The sales literature is generally presented as linear, for example:
production & sales & marketing & partnering (e.g. Weitz and Bradford, 1999). For projects
selling occurs prior to production. While there has been research into the BDM at general
level (e.g. Preece et al, 2003), the detailed analysis of the function has been neglected,
especially around configuring value propositions in preparation for and in bid management. It
requires firm support to align the inputs, develop the relationships and understand the
potential value in use. It requires different degrees of organizational and marketing
capabilities to conduct this with effect (Moller, 2006).

Selling is a prime emphasis under MM. Selling and delivering value through relationships
have similar weighting under RM. S-DL has focused upon conceptual development and
refinement with little or no consideration of selling in the role of service provision and value
realization. A recent exception is an interaction sales approach for the co-creation of value
(Haas et al, 2012). The approach develops the line of argument that BDM becomes part of
value co-creation through face-to-face interaction. Thus selling and value creation become
intertwined. It re-introduces RM tenets through a relational value creating process to the sales
function: the sales function reflects a role of sales as creator of relationship value (Haas et al,
2012, p. 95), which becomes part of the service value and thus contributes to the ability to sell
too. Haas et al (2012) brings forward 4 conceptual categories to understand the sales process:

1. Jointness value — resources are combined dyadically and in the network, in the case of
projects at the project front-end as well as during construction (cf. Ballantyne et al, 2011).
BDM initiates i) identification of the key relations and relational processes, ii)
configuration of the value proposition and service delivery, iii) the co-creation of value.

2. Balanced initiative — customers are active (e.g. Levitt, 1983), providing preconditions for
innovation, collaboration and combining resources to co-create value (e.g. Tuli et al,
2007). In construction, the client is active and the contractor reactive, for example in
developing procurement routes and other innovation (Smyth, 2006). This implies support
from organizational capabilities and programme management to guide BDM action.

3. Interacted value - relationships provide a means to identify and configure value
propositions, which hold potential for the client and end-users to optimize value
realization in use (Haas et al, 2012). Win strategies emerge from creative dialogue and by
committing to reciprocal promises (Ballantyne and Vary, 2006). BDM initiates the
process, implying functional integration (Smyth, 2015).

4. Socio-cognitive construction — value is phenomenologically and subjectively realized
from the functional and symbolic content in use (Vargo and Lusch, 2015). Thus value is
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as much behaviourally derived from the specific assets, following the idea that action
shapes interpretations (Weick et al, 2005). In construction, BDM has focused upon value
as past performance through track record and current execution regarding time, cost,
quality and scope, underplaying benefits delivery and impact (cf. Morris, 2013) and
educating clients accordingly (Smyth, 2000) — see Figure 1 for further details.

Relationship value as an interaction process

Interactions

Jointness

Value developed in
and through
business
relationships

Combining resources

Balanced
Initiative
Competencies to
mobilize combined

resources

Initiating co-created
service provision

Initiating the

Interactive
Value

Continuous and
consistent interaction
and relationship
building

Responding to
emergent
requirements

Scoio-
Cognitive
Construction

Value as subjective
and
phenomenological

Sense making and
interpretation
through action

configuration of co-
created value
propositions

Figure 1: An Interaction-based Framework of Sales’ Value Creating Tasks in Projects
(developed from Haas et al, 2012)

BDM has a pivotal role at the front of the front-end, connecting the contractor with the client
and forming the interface with the project. It has been argued that successful outcomes are
dependent upon strategically addressing the front end on the client side (Morris, 1994, 2013)
and on the supply side (Smyth, 2015). There are two implications that arise for BDM. First,
the interaction sales approach brought forward by Haas et al (2012) has to be conceptually
subdivided into the strategic and tactical sales levels of operation to reflect the contractor-
project interface and the front end, and the project lifecycle from the front end to the
realization of value in use. Second, the long exchange period in construction from post tender
negations, through the stage payments to the final account mean that value in use clearly
becomes twofold: a) the execution experience as service provision over the entire project
lifecycle from the front of the front end to the final account, b) the project content value in
use post-completion for the client and end-users. These provide a theoretical contribution to
be evaluated through the empirical analysis.

In order to apply the interaction sales approach in detail, the BDM effort to understand client
needs in order to sell the service and configure value propositions involves a number of
potential levels: (i) collecting information on the project and requirements, (ii) knowing the
motivations and considerations of the key decision-makers, (iii) understanding client business
solutions or organisational purposes the project is addressing, (iv) understanding the client’s
own core business to get to the bottom of what they perceive as valuable. The MM approach
only requires the first level. RM requires the second and third levels. S-DL requires all levels
to secure a comprehensive understanding of use value.

3. Methodology and Methods

An interpretative methodology was applied to respect value judgments, subjectivity and
information provided in context (Denzin, 2002). Respecting key actors perceptions enriches
understanding of attitudes present, the strengths and weaknesses of organizational artifacts,
processes and behaviour, yielding meaning to generate patterns of events, draw out
experiences, draw attention to outcomes of significance (Smyth and Morris, 2007). The

13



researcher is also interpreting evidence, producing a layered approach (see Table 1). In this
research the data comes from 30 semi-structured interviews with those in business
development management roles (BDMs) across 10 main contractors. Ownership varied: 4
UK-owned contractors, 4 mainland EU-owned contractors, 1 other European contractor and 1
Antipodean-owned contractor. Sectors of operation included civil engineering and
infrastructure, building, refurbishment and fit out, although sector activities did not appear
material in how BDM practices were conducted. The period covered is the constrained
European market from 20009.

Table 1: Interpretation Levels in Qualitative Research (adapted from Wells and Smyth, 2015)

Levels of Agent Stage of Interpretation
Interpretation
1. Interviewee in the main Interviewee interprets events (including processes) as they occur — a
contractor organization sense-making activity
2. Interviewee in the main Interviewee with other actors moderate their interpretation —an
contractor organization iterative sense-making activity
3. Interviewee in the main A degree of post-rationalisation as a result of subsequent events,
contractor organization also moderated by social and other contextual factors
4. Interviewee as informant Recall moderation in context of interview — interpretative selectivity
5. Interviewee as informant Responsiveness to the perceived research agenda and selectivity as
to what the actor perceives the researcher wants to hear
6. Researcher as data collector ~ Selectivity of information according to values and research context
in note-taking and analysis post-interview
7. Researcher as analyst Researcher interprets events as perceived in the analysis — a sense-

making activity

4. Findings and Analysis

The findings and analysis are presented from the strategy level through the project lifecycle.

4.1 Marketing and Sales Strategy in the Main Contractors

The marketing strategy was variably developed across the firms. It was arguably the most
developed in BranCo, applying RM, yet some BDM practices were rooted in MM pipeline
selling. Across all the contractrs with marketing plans other functions were largely unaware
of the content, for example EuroCo’s procurement department was both unaware of the plan
and had no dialogue with BDM to coordinate value propositions in the supply chain. In
BritCo marketing was cut post-2008. Marketing” was consigned to a backroom function of
processing market information and BDM was absorbed into bid management. UKCo did not
have an explicit marketing strategy, seeing BDM as a pipeline of information collection and
response — it was reported as marketing on the run. EUCo put in place its first marketing plan
in 2008 and subsequently developed strategies for key customers, which were presented to
board level. Primary content was a strong emphasis on forward work planning. EuroCo
customer plans were frequently out of date and not referred to at functional levels (cf. Smyth,
2013). A KAM capability has been introduced for consistent client management. It was
poorly resourced and largely operated at project rather than programme management levels.

A strategic intent of jointness to combine resources was absent, despite client demands for
collaborative practices in the infrastructure sectors. Contractor perceptions around
competitive advantage and intellectual property were constraints to jointness for the co-
creation of value through knowledge sharing, innovation and collaborative working. RhoCo
and BudCo particularly emphasized these points, but these two organizations were among the
most focused on transactional and operational cost. They were defensive rather than
transformative to drive dynamic and incremental performance improvement around value.
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Procedures to guide BDMs for relationship building and understanding client needs were
absent, affecting balanced initiative and interactive value. This represents a lack of strategic
support for the tactical BDM operations. BudCo operated a transactional pipeline approach
with a strong input-price connection maintained throughout. ElecCo, FinCo and BritCo were
also highly transactional and closely adhered to MM practices. Value was perceived as
technology and expertise. In EuroCo, management capabilities for innovation and service
provision were not recognized. Yet many clients, especially in the public sector were reported
to have lost capabilities post-2008 and thus need more strategic support and advice. This was
recognized and presented relationship building and co-creation opportunities for FinCo and
EuCo, although the latter was better placed and selectively took the opportunity as a type of
balanced initiative and interactive value creation.

Overall, strategy development for BDM has improved over the last 15 years (cf. Smyth,
2000), yet remains weak against the theoretical lenses apart from MM.

4.2 BDM at the Strategic Project Front-end

The BDMs sought a mix of high value and high profile clients, with some trade margin offs if
the client profile was thought to reinforce sector track record and the ability to secure other
new work. This was particularly found in FinCo for public sector and for BranCo for some
private sector work. Mid-recession, trade-offs challenged the RM strategy in BranCo. New
clients were difficult to secure, especially in new sectors. There was around 10%
experimentation in BDM activity for entering new markets and anticipating new markets — an
important substitute for market research because contractors reside near the top of the “food
chain’ (cf. Smyth, 2000). BranCo followed this strategy. One BDM in EuroCo reported that it
was difficult to secure resources to prime new sectors even where tasked with the objective.
EUCo and BranCo admitted that they were weaker on value than selling. EuCo was the only
company that drilled down to all five levels of to understand client needs, albeit sporadically
and not always succeed in injecting the understanding to value propositions. Initiatives were
not always balanced (cf. Haas et al, 2012). BranCo was the only company to employ a client
lifetime value as a measure, which helped to reinforce interactive value in selling.

Mapping of the key decision-makers helps understand client need as part of RM, namely
knowing the motivations and considerations of the key decision-makers.. BranCo was the
most effective case company, yet inconsistent practices were also present. Some BDMs
conducted formal mapping for their own purposes at organisational, programme and project
levels among clients and their representatives, while a few logged their maps on the CRM
system, Salesforce®. Engagement with CRM was low across the companies. A number relied
on informal processes, mentally mapping people by role and influence. Mapping
competencies support interactive value in interaction selling (cf. Haas et al, 2012).

There was a lack of strategic resource commitment and criteria. AntCo tactically committed
resources based upon time and effort at project level. Finance management and commercial
directors were said to be predominantly transactional. It restricted client engagement and
combining resources through jointness.

Customers frequently seek high interaction levels, for example to have a large say in the
members of the project teams (Haas et al, 2012; Smyth, 2015). Management awareness of
theory and applied configurations are thin with the consequence of low levels of resourced
interaction and integration. Practices were uneven and varied. The lack of strategic support
was tactically echoed as a lack of guiding procedures.
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4.3 BDM Tactics at the Front-end

In the general absence prescribed systems and procedures, routines and action were left to
individual responsibility (cf. Smyth, 2015). In FinCo client interaction was cut back following
2008 with reliance upon telephone contact to solicit information to feed the work pipeline,
and employing a highly transactional around the bid and contract process: We tend to be
office based. We don’t go out and meet the clients. BudCo are predominantly transactional,
claiming to be good at managing high-level relationships yet weak down the hierarchy and
into operations. There were similar procedures for internally qualifying project opportunities.
These were generally qualified against resource inputs rather than the potential of combined
resources to manage risk and create value, that is, through jointness. For example, UKCo
classified project opportunities as follows:

1. Platinum — must win;

2. Gold - resources committed to investigation, but the decision to proceed taken;

3. Silver — interesting but no resources committed;

4. Bronze — promising yet too early to know.

In EuroCo opportunities over a threshold cost went to the main board for risk assessment.

Some RM tenets had been absorbed by the BDMs, who were building relationships even if
these were left unrecorded CRM IT software. An EUCo BDM summed it up: its all about
people and relationships; and, it boils down to some trusted relationships according to an
AntCo BDM. Some BDMs built relationships to improve pipeline information quality and
processing. This sales approach overlooked value delivered through relationships or co-
creation, including in BranCo. To progress relationships, BranCo made resource
commitments against key clients, yet to configure value, non-contractual promises could not
be made as the procedures did not exist to deliver against these. Imbalanced initiatives and
interactive value were compromised. Cost and risk management mainly drove out value. Even
when value was addressed, it was seen in terms of cost, RhoCo pursuing this for efficiency
using Six Sigma. Some clients reinforced the transactional approach. However, one client set
BDMs “homework” to gauge commitment, offering opportunity to co-created value at the
front end. Overall, configuring aligned value propositions proved to be a tactical challenge
due to the lack of strategic support.

Some EUCo BDMs perceived value as inputs determined at prequalification. Value was
perceived as standard inputs. Prequalification and bidding documents were put together on a
cut and paste basis rather than being tailored to context. Many BDMS had no involvement in
bid management. FinCo, BritCo and BranCo did, the former two from an MM perspective
and the latter from an RM perspective. Yet, BranCo BDMs tended to hand over prospects
after pre-qualification. BDM lifecycle involvement, even through a “watching brief” was
widely cited as important: they need a common link and the willingness to partake in
dialogue, yet implementation was inconsistent. BranCo was more effective at developing
“win strategies” during bid management, influenced by BDM yet not derived from promises
due to the lack of integration. BudCo claimed to have an effective link between BDM and bid
management, which fed into value propositions. BranCo BDMs were most vocal on this point
and it is summed up in EUCo as the challenge of getting the theme running through. Bid
managers and project managers were largely left unaware of understanding about value or
were not required account for this. BDM remains isolated in relation to project management
(cf. Turner, 1995).

ElecCo has a different approach, predefining specialist inputs supported by breadth and depth
of expertise. This was offered as exchange value in the knowledge of a high degree of client
dependency even though there may be customized solutions to context. Realized value in use
could be quite high, but it not was not directly co-created. Overall value propositions were
high value yet transactional.
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Collaboration, early contractor involvement and open dialogue are formal mechanisms for
combining resources in joint problem solving that can feed into balanced initiative and
interactive value delivery. These measures were mentioned by a number of BDMs across the
cases and especially in UKCo. Collaboration was present in infrastructure, driven by clients
with service and value in mind.

A lack of integration was evident, despite interactions, and value propositions were
suboptimal. Evidential patterns were mostly identified in terms of a lack of systems and
procedure for BDM.

4.4 BDM Tactics in Execution and Post-completion

Delivery is constrained by low integration both in service provision for execution and
realizing potentially valuable propositions post-completion. Sporadic involvement of BDMs
was reported during execution. This was across two types of contact for value delivery:
externally the client contact and internally the project team contact. The internal relationship
includes key performance indicators and lessons learned fed into configuring future value
propositions. BudCo reported limited knowledge feedback to tweak “win themes”. EUCo
BDMs were charged with making contact twice with site during execution. Where feedback
occurred, it was inconsistent and intermittent, and described by one UKCo BDM as being
managed “quite randomly”. Summing this up, a BDMs reported feedback as important, yet, in
practice it never happens.

The BDMs were contributing to the function being isolated (cf. Turner, 1995), belying any
conceptual argument that BDM is part of project management (cf. Cooper and Budd, 2007).

BDMs, indeed the companies, were disengaged from monitoring value alignment and value
realization post-completion, even though the final account is closed long after practical
completion on site. Benefits delivery and impact was neglected by BDMs and by the case
study firms. Overall, sales interaction falls away and the monitoring of and support for the co-
creation of value is low — low jointness, balanced initiative and failure o understand socio-
cognitive construction.

5. Conclusions and Recommendations

The sales function has been neglected in the extant management literature, especially in
regard to value (e.g. Jones et al, 2005; Haas et al, 2012). BDM has received little attention in
projects and construction (Smyth, 2000). The paper set out to review BDM practices on the
ground. It investigated the range of activities conducted within the function and related to this
the extent of integration with other functions along the project lifecycle. Low integration was
prevalent, confirming previous findings (Smyth, 2015). Marketing and BDM have been
claimed to be isolated from other processes in the project domain (Pinto and Covin, 1992;
Turner, 1995). This is still the case to an extent but there are more touch points and
interactions than might be expected from past research, especially at the front end. The notion
that marketing is to be subsumed into project management has no current basis, the future aim
being to integrate rather than for either function to absorb another.

The informal BDM activities were diverse and inconsistent in supporting a single theoretical
lens or the interaction sales approach (cf. Haas et al, 2012). This was the consequence of low
strategic investment and commitment for BDM rather than the development and delivery of
differentiated value propositions. BDM strategic support in the firm hierarchy was an
underdeveloped, including programme management to support BDM prior to any project and
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at the front end of construction projects. Overall, the transactional marketing mix or MM was
still prevalent despite the ill-theoretical fit. Relationship marketing or RM principles were
applied piecemeal, and aspects of the service-dominant logic or S-DL were present by
implication rather than strategic design. The activity to understand client needs only served
MM. Selling dominated value within marketing and BDM, and risk and cost dominated value.
In summary, selling is largely conducted through BDM without any conceptual underpinning
and strategic guidance.

The paper has made a contribution by analyzing BDM using the interaction sales approach
conceptually and conceptually added the strategic and tactical analysis. It also investigated
BDM at a more detailed level of activity. There is scope to dig down further in future.

The recommendations for practice could be numerous at the level of activity, but the big
picture for management at senior level and for marketing and BDM is that there needs to be
increased awareness of theory and a systematic approach to BDM. Implementation needs
resourcing and commitment with a transformational emphasis upon growth the market.

Research recommendations show clearly that asset specific markets and project businesses in
particular require mainstream marketing concepts to be translated into context for these to
have use value. Thus care is needed in appropriating and applying marketing theorization in
construction.
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Abstract

The primary tool to bridge innovations and the market is the business model concept, i.e., the
logic of creating and capturing value. Although business model is regarded as a boundary-
spanning unit of analysis, most of modern business model frameworks are firm-centric and less
suited for analyzing the interdependent nature of organizations residing and evolving in same
innovation ecosystems. Through the business model approach, also urban ecosystems are able to
build sustainable competitive advantage. However, an ecosystem can cross a variety of
industries and encompass a variety of organizations, which makes the identification of its exact
boundaries both theoretically and practically difficult. Hence, contributing to ecosystem level
business model discussion, this study applies a business model approach to analyze how an
ecosystem may innovate and build competitive advantage as a whole.

In particular, this paper focuses on how business model approach can be viewed as the way for
leveraging value from innovations in the urban area development context, and explores how
urban area development may contribute to new market creation. The Finnish spatial planning
system, spanning from strategic spatial planning to physical land-use planning, provides a
context for researching innovative opportunity and advantage exploration and exploitation
behaviors. Particularly, contributing to the opportunity exploration for new market creation is
called for within Finnish urban area development practices. Drawing from Activity Theory and
business model literature, in the context of ecosystems, we suggest an ecosystemic business
model approach in urban area development. The corresponding analysis of three urban area
development cases show how new unofficial spatial planning practices relate to ecosystemic
business model approach and new market creation.

Keywords: business model approach, innovation ecosystem, large-scale project, market
creation, spatial planning
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1. Introduction

Today’s business environment incorporates a diversity of innovation stakeholders, ranging from
public organizations, research institutes, large and small firms onto individual users and citizens
(Lappalainen et al. 2015, Gobble 2014). Hence, the concept of innovation has spread from the
internal parameters of corporations to include also the wider ecosystem (Durst & Poutanen 2013,
Ahokangas et al. 2015). Relying on open innovation (Chesbrough et al. 2014), also cities have
started to utilize e.g., public-private-people partnerships (Lappalainen et al. 2015). Innovation
ecosystem thinking is therefore useful in seeking to understand the dynamic relationships
between different industries, private and public organizations and governments (Lappalainen et
al. 2015, Papaioannou et al. 2009, Durst & Poutanen 2013) when they are building new markets.

The primary tool to bridge innovations and new market creation is the business model concept,
i.e., the logic of creating and capturing value (Chesbrough 2010, Teece 2010). The business
model is a boundary-spanning unit of analysis (Zott et al. 2011) that connects an organization
with its environment, customers, competitors and larger society (Teece 2010). In ecosystemic
contexts value creation and capture are embedded within the whole ecosystem of players,
meaning that value is co-created and co-captured (Ahokangas et al. 2015, Lehto et al. 2013).
The business model concept serves as an open innovation platform, connecting focal
organization with other organizations, communities and individuals for joint development of
innovations (Saebi & Foss 2015). Through the business model concept, also urban ecosystems
can be seen to be able to build sustainable competitive advantage (Lappalainen et al. 2015).

However, most of modern business model frameworks are firm-centric and less suited for
analyzing the interdependent nature of organizations residing and evolving in a same innovation
ecosystem (livari et al. 2015). Therefore, business model research needs to consider also
ecosystem level business models (van der Borgh et al. 2012). Contributing to this view, this
study regards the business model as a tool to build synergy among the ecosystem members for
determining how the ecosystem innovates and builds competitive advantage as a whole (Jansson
et al. 2014, livari et al. 2015).

Specifically, this paper explores how business model approach can be viewed as the way for
leveraging value in the urban area development context. Urban development agencies may
provide opportunity exploration scenes (Oosterlynck et al. 2011, Hirvonen-Kantola et al. 2015).
Particularly, enhancing the opportunity exploration for new market creation is called for within
Finnish urban planning and development practices. Thus, this research enquires how business
model approach can contribute to new market creation in urban area development?

Now, we will introduce the concepts of innovation ecosystem and ecosystemic business model.
Then, we suggest an ecosystemic business model approach to be applied in our analysis on
urban area development. We also show how urban planning and development practices relate to
the innovation ecosystems’ business model approaches and their life cycle, in three urban area
development cases.
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2. Theoretical framework
2.1 The emergence of innovation ecosystems

The notion of ecosystems has gained increasing attention in academic literature as a concept to
understand and explain the complexity and the interconnected nature of modern business
environment (Durst & Poutanen 2013). The ecosystemic perspective is considered to reflect a
fundamental change in the way we think of business in general, particularly in relation to
innovations (Gobble, 2014). The term business ecosystem was first introduced by James Moore
(1993) who calls a business ecosystem an economic community supported by a foundation of
interacting organizations and individuals—the organisms of the business world (Gobble 2014).
Ecosystems are focused on commonly created value, renewal, and constant innovation in order to
achieve a sustainable competitive advantage in their business environment (Ahokangas et al.
2015, Lehto et al. 2013).

Ecosystems are partly intentionally formed and partly a result of accidental emergence (Moore
1993). Business ecosystems are hence characterized with high complexity, interdependence, co-
operation, competition and coevolution (lansiti & Levien 2004, Jansson et al. 2015). Moore
(1993) states that firms create a new business ecosystem based on four evolutionary stages from
birth, expansion, leadership, and self-renewal. At the birth stage, it is essential for the ecosystem
members to go beyond just satisfying their immediate customers. At the expansion stage the
scale-up potential of the business concept of an ecosystem is tested. At the leadership stage the
business ecosystem reaches stability and profitability. The final stage, self-renewal or death, is
caused by the threat of rising new ecosystems. Hence, there is a continuous life-cycle process of
the ecosystem members taking place within an ecosystem (Hirvonen-Kantola et al. 2015).

The underlying thought behind ecosystemic perspective is to expand the capabilities of one
actor beyond its own boundaries and transfer knowledge into innovation through collaborating
with others (Adner 2006). The joint utilization of complementary capabilities in pursuit of new
innovations is hence highlighted within ecosystems, and in this way, ecosystemic thinking
closely relates to open innovation (Chesbrough et al. 2014). Although open innovation
originates from corporate R&D, its application has expanded beyond inter-firm collaboration
(Chesbrough et al. 2014). Also cities and regions have started to seek the benefits of openness
and ecosystemic thinking through public-private-people partnerships based on quadruple helix
model (Lappalainen et al. 2015).

The ecosystemic thinking is particularly relevant for the smart city concept, which refers to
cities themselves acting as innovation drivers (Schaffers et al. 2012). A city can be considered
‘smart’ when investments in human and social capital and traditional and modern ICT-based
infrastructure fuel sustainable economic growth, high quality of life and wise management of
natural resources through participatory government (Schaffers et al. 2012). Test-beds, living
labs, collaborative platforms and testing environments provide good development opportunities
for innovation creators and help them to bring their solutions to the market (Launonen &
Viitanen 2011). Launonen and Viitanen (2011) stress that innovations need to be designed for
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real life situations in order to have commercial value. However, urban area development in this
context is still bound to traditional land-use planning based on zoning, which makes fast
responding to changes and the free development of new markets challenging.

2.2 The concept of ecosystemic business model

The business model is the primary tool for leveraging value from innovations (Chesbrough
2010). The business model bridges innovations and new market creation, i.e., the logic of
creating, capturing, delivering and sharing value (Teece 2010, Amit & Zott 2015). Value
creation and capture are based on opportunities that require business models for the successful
exploration and exploitation of those opportunities and the subsequent competitive advantage
(Ahokangas & Atkova 2015, Teece 2010). In ecosystemic contexts value creation and capture
are embedded within the whole ecosystem of players, meaning that value is co-created and co-
captured (Ahokangas et al. 2015, Lehto et al. 2013). Collaboration of the focal firm with its
ecosystem is one of the defining factors of business model openness (Frankenberger et al.
2014). However, the ecosystemic business model can also be regarded as the business model of
an ecosystem with mutually connected opportunities. Thus, in an ecosystemic context, the
business model functions as an open innovation platform that connects an organization with
other organizations, firms, communities, individuals and larger society for joint development of
innovations (Saebi & Foss 2015). Therefore, the business model is a boundary-spanning unit of
analysis (Zott et al. 2011).

Casadesus-Masanell and Llanes (2011) discuss open source, open core, open edge and
proprietary business models. Within ecosystemic smart city contexts this categorization can be
interpreted to concern the roles of the city as the focal player of the ecosystem with the rest of
the ecosystem when innovating new offerings and creating new markets. With an open source
business model the ecosystem jointly co-creates value for its customers whereas in proprietary
mode the focal player tries to control value or market creation activities of the ecosystem. In
open core business model the focal player remains open whereas the rest of the ecosystem
players run their activities independently. In the open edge mode the city as the focal player
defines the rules of collaboration allowing the rest of the ecosystem act within the established
rules.

Through the utilization of the business model concept, urban ecosystems are capable of building
sustainable competitive advantages (Lappalainen et al. 2015). The business model is a tool to
build synergy among the ecosystem stakeholders in order to determine how the ecosystem
innovates as a whole (Jansson et al. 2014, livari et al. 2015). Most importantly, however, within
the ecosystemic business model approach, cities may thrive for new market creation by enabling
the innovation ecosystem to shift from an evolutionary stage to another (Moore 1993). In
addition, cities may allow for the logic of creating, sharing, delivering, and capturing value to
develop freely or in a defined manner. Hence, the ecosystemic business model approach needs
to consider also business model’s viability, evolution and its place in the product or service
lifecycle, which in this research refers to spatial planning practices (see also Demil & Lecocq
2010). With the emergence of the idea that the built environment is a source of competitive
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advantages for urban regions (Hirvonen-Kantola et al. 2015), the question of how business
models may boost new market creation is particularly relevant for innovation ecosystems that
are nowadays being catalyzed in different cities in Finland, in the urban area development
context.

3. Research strategy and methodology
3.1 The context of urban area development

The urban area development takes place within the Finnish spatial planning system, spanning
from strategic spatial planning to physical land-use planning, and provides a context for
researching innovative opportunity and advantage exploration and exploitation behaviors
(Hirvonen-Kantola et al. 2015). However, our spatial planning system is a normative and
multilevel system based on land-use planning. Although, the attention has been paid to the
European discussion on urban policy as creating prerequisites for urban development
(Jauhiainen & Niemenmaa 2006).

In Finland, local planning authorities have been granted an independent role, and the system has
offered opportunities for strategically active municipalities. As the ecosystem’s facilitator we
may thus identify at least the municipality with active land policy and local planning monopoly,
as these are portals to opportunities. Here, the most important mechanism of control is the Land
Use and Building Act (LBA, Maankaytto- ja rakennuslaki 1999/132). The land-use planning
system is a functionalist and rationalist hierarchical system in which general planning ideally
guides detailed planning, and which aims to produce legally binding plans that enable
development and implementation.

Municipalities draft their own master and detailed plans, and the powers of approval and
ratification are given to the local municipal councils, which makes the local government central
stakeholder in the ecosystem. Detailed plans regulate development by defining building rights,
efficiencies, dimensions and functions in detail, attached to land-owning information. Plans can
be initiated and paid for by both landowners and municipalities, that is, by diverse ecosystem
stakeholders. Indeed, the planning practice seldom conforms to formal planning hierarchy, since
landowner rights are well protected in the LBA. In addition, investors and the Ministry of the
Environment expect speedy preparation of detailed plans, although business considers urban
planning slow.

Diverse Public-Private-People partnerships are applied in urban planning and implementation,
and any interested party participation is emphasized. The planning authority must publicize
planning information so that interested parties are able to follow and influence the planning
process (LBA 62 §). Here, openness is a competitive advantage to the innovation ecosystem
reaching for new market creation. When launching the preparation of a new plan a Participation
and Assessment Scheme has to be drawn up and publicized. It should cover participation and
interaction procedures as well as processes for assessing the plan’s impacts (LBA 63 §).
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However, the business impact assessment with value propositions and competitive advantage
identifications is typically neglected, and the content of ecosystemic business model unformed.

In recent years, planning has advanced from top-down government to negotiations with
developer-contractors, setting common goals and tying in the ecosystem stakeholders at the
beginning of planning projects. The implementation of plans has been integrated with planning,
and the detailed plan has become a type of project plan. In order to plan in neo-liberal
conditions some cities have developed unofficial practices, which are central instruments in
spatial planning. In fact, the three urban area development cases that we will study next, point
out the role of unofficial urban planning and development practices, in approaching new market
creation as the business opportunity for the ecosystem with mutually connected opportunities
arising from the urban area development context.

3.2 Ecosystemic business model approach

Building on the literature review, we will apply a business model approach in exploring how
urban area development may contribute to new market creation. Drawing from Activity Theory
(Engestrom 1987, 2001) and business model literature, in the context of ecosystems, we first
suggest a new ecosystemic business model approach in urban area development (Figure 1), to
be applied in our analysis.

Urban area development

Spatial planning tools

Agency _ <— > Business opportunity <—— > Content——> Competitive
advantage

Governance Stakeholders Structure
Figure 1: Ecosystemic business model approach in urban development.

In our model, a business opportunity is set as the focal sense—meaning—which affects directly
all the other key factors. These are the subject, object, outcome, rules, community, division of
labor, and tools included in the human activity system (Engestrdm 1987). Hereby the structure
is transformed into a business model framework. As opposed to the human activity system just
mentioned, we consider the urban area development as context to define business opportunities,
and thus we add context on top of the model. We also regard spatial planning tools as mediating
artefacts.

The model covers the opportunity, stakeholders, content, context, structure and governance of
the ecosystem. Starting with agency, it can be seen as the subject of the ecosystem, holding a
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portal to opportunities, or being responsible for facilitating the activities and interaction within
the urban ecosystem. The other side of the coin, the stakeholders including government,
industrial/business, academia and citizens form together with the city the community of the
ecosystem. Second, the context of the ecosystem can be viewed from innovation perspective as
renewal and new market creation can be seen as the key co-creation activities of the ecosystem
players. The structure, i.e., the configuration of the ecosystem then defines and delimits the
scale and scope, plus division of labour of the units involved. Third, the governance and
mechanisms of control as rules relate to the openness of the ecosystem business model, varying
from open source to proprietary. This can also be seen in the content of the ecosystem activities
that form the basis for the value proposition as the object of the ecosystem as well as its
competitive advantages as outcome.

In this paper, three urban area development cases in progress are noted as the hot spots (Gratton
2007) applying the ecosystemic business model approach for new market creation. These cases
utilize different types of urban planning and development practices, and they are regarded as
one of the most important strategic urban development projects (Salet & Gualini 2006,
Oosterlynck et al. 2011) in their cities as they are set to integrate the aims of the local land-use
planning, and business and industrial policy. The data concerning the cases was gathered
through various forms of primary, participatory (Wallerstein & Duran 2003) data collection
methods, e.g. following up the urban area development processes, participating in quadruple
collaboration, workshops and meetings, as well as follow-up interviews with focal actors.

All the elements included in the ecosystemic business model framework were identified in the
three urban area development cases, and depicted in Figures 2—4. Then, it was analyzed if any
of the elements had risked the innovation ecosystems’ openness and evolution, in search for
new market creation.

4. Analysis
4.1 New market creation in urban area development

Cities may strive for new market creation by enabling the innovation ecosystem’s evolution.
Moore (1993) states that firms create a new business ecosystem based on four evolutionary
stages: birth, expansion, leadership, and self-renewal. At birth, the ecosystem members go
beyond just satisfying their immediate customers. At expansion, the scaling up potential of the
business concept of an ecosystem is tested. At leadership, the business ecosystem reaches
stability and profitability. Finally, rising new ecosystems results in self-renewal or death.

The following analysis on three urban area development cases in progress—the development of
the Hiukkavaara Arctic smart city, urban regeneration of the Karjasilta school area in Oulu, and
the future Vehkala business and enterprise area in Vantaa—show how urban planning and
development practices relate to the innovation ecosystems’ business model approach and the
ecosystems’ life cycle. To start with, INURDECO-SWC quadruple collaboration project aimed
at creating the Hiukkavaara Arctic smart city innovation ecosystem (Figure 2), and a detailed

27



plan for Hiukkavaara center, energy efficient block concepts, plus an operational model for
Hiukkavaara living laboratory including innovative real property conveyance for threshold
projects testing energy-efficient solutions.

Urban area development

Detailed plan

Public city organization = €<—— > Arctic smart city <— > Detailed plan — Diverse outcomes
lock concepts
laboratory

Open edge INURDECO-SWC quadruple project Project
Local government
People

Figure 2: Ecosystemic business model approach in the Hiukkavaara Arctic smart city.

Ideally the ecosystem would have had a business model approach with an open source, in which
the ecosystem jointly co-creates value for its customers (Casadesus-Masanell & Llanes 2011).
In practice, it had open edge governance with detailed planning channeling the ecosystem’s
interaction process. However, with multiple content and diverse scales and scopes, the
innovation ecosystem lost synergy, which derives from insufficiently identified business
opportunities. In the end, the Arctic smart city living laboratory sustains a test-bed by a
continuous innovative real property conveyance process, with motive for knowledge. For the
capability for self-renewal of the ecosystem’s remaining part, the ability to update the threshold
project parameters is vital. As such, the life cycle of the innovation ecosystem in the
Hiukkavaara Arctic smart city ceased along with the finalized detailed planning project.

Whereas in the Karjasilta school area regeneration related innovation ecosystem, the sight for
the expansion stage was built-in the innovative real property conveyance practice. Here, the city
sought for unforeseeable prospects including a business lab. In the lab, smart city modules
meant for mass customization have been developed, which indicates a will for scaling up.
However, in this business model approach (Figure 3) the innovation ecosystem risks sustainable
competitive advantage with structure tailored for the current development and construction
project, which forms the core for the developer-led ecosystem’s governance.

28



Urban area development

Innovative real perty conveyance (Unforegeeable prospects)

Public city organization <——— > Business lab €<—— > Areference case —> Next

// asscustomized projeCt

les
Open edge Team Hartela-Forum Current project
Local government

Figure 3: Ecosystemic business model approach in the Karjasilta school area regeneration.

The most future-oriented ecosystemic business model approach (Figure 4) can be found from
the Vehkala business and enterprise area. Even though this is an ecosystemic business model
approach with open edge, urban area profiling as the core—and mediating artefact—aims at
creating a specialized, co-creating ecosystem permanently located in the Vehkala business and
enterprise area. There will be a district with diverse stakeholders supporting the selected profile
of the area. For its regional scale and scope, the ecosystemic business model approach will
possibly be able to scale up to modify the local market. This ecosystemic business model
approach will be challenged at the leadership stage, whether it can reach stability and
profitability, and finally self-renewal.

Urban area development

Area profiling

Public city organization _ <—> Specialized, co-creating ecosystem <—> _ Profile —> Modified
atalyzing tools  market

Open edge Public-private-partnership Emerging regional
Local government scale and scope

Figure 4: Ecosystemic business model approach in the Vehkala business and enterprise area.
5. Conclusions
We have studied in this article, how business model approach can be applied to analyze new
market creation in urban area development. Our contribution is the suggested ecosystemic

business model approach, and the analysis on how urban planning and development practices
have embraced the ecosystemic business model approach and contributed to new market
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creation. Hence, this study contributes to business model literature from ecosystem perspective,
as well as to the procedural theory of spatial planning utilizing large-scale urban projects as
open innovation platforms. We illustrated the applicability of the ecosystemic business model
approach through three urban area development cases.

In the ecosystemic business model approach, the city may strive for new market creation by
catalyzing ecosystems by offering them an urban area development platform, enabling the
innovation ecosystem shift from an evolutionary stage to another, and allowing openness—the
ecosystem’s natural logic of creating, sharing, delivering, and capturing value. Even though the
analyzed ecosystemic business model approaches were with open edge, they had a core
facilitated by the city organization. However, our analysis revealed that the nature of this core—
a mediating artifact—is decisive in targeting the ecosystems’ expansion, leadership, and self-
renewal. Here, for instance innovative real property conveyance and area profiling, with more
open cores, serve emerging ecosystems better than detailed planning, a normative project.

The ecosystem also needs a clear focus on the opportunities at its birth stage. Possibilities for
scaling up need to be similarly considered at the start for the pursuit of new opportunities. We
argue that the key for successful exploration and exploitation of opportunities is to have a
future-oriented perspective on the ecosystem’s life-cycle with a long-term aim. Our analysis
shows that all the elements of the business model approach; agency, stakeholders, context,
content, structure and governance, need to be continuously reflected during the ecosystem’s
evolution in order to secure synergy. As the first two cases reveal, the lack of such perspective
may result in the cease of the ecosystem’s sustainability and risk of its full potential in new
market creation. We conclude that the ecosystemic business model approach in urban area
development can contribute to new market creation, when there is a clearly defined opportunity
and content. This secures the ecosystem’s evolutionary path and enables full potential for new
market creation.
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Abstract

Since the crash in 2007, the number of small architectural firms has risen dramatically as both recently
graduated and recently laid off architects decide to go out on their own. In such a crowded market firms
will need to find some way to distinguish themselves from their many competitors. Arguing from the
Resource Based Strategy theory the authors assert that to be successful architectural firms must build
and promote competences which are both scarce and in demand in order to compete successfully. This
should especially be the case in a ‘buyers’ market’. Architect starting their own firms must provide
something more than standard package of architectural services will not be enough to permit new firms
to gain clients. A series of case studies was used to compare this theoretical proposition with the
experience of recently established architectural firms (+-5 years). The case studies gathered firm
histories including the original goals of the principle architect(s), their entrance strategies and
marketing approaches, their client list and portfolios of acquired and completed projects. This permitted
a comparison to be made between the firm profile the architects originally desired to establish, and the
profiles eventually realized. In particular, the perceived selling points which the principle architects
believed would provide them with the ability to acquire projects with the services they eventually were
able to sell. The case studies supported the assertion that a clear differentiation strategy is one means
of successfully launching a firm and gaining a client base.

Keywords: Architectural Firm, Strategy, Differentiation, Competences
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1. Introduction

This paper described the results of a preliminary study of the use of the Personal Construct Theory
(PCT) and the Repertory Grid Technique (RGT) (Kelly, 1955) to elicit values which characterise a
small architectural firm and can be used to guide a strategy of differentiation. The tool has two uses: as
a research tool the Repertory Grid is intended as a standardised means of eliciting differentiating values
from small firms and establishing a field of values within which small firms typically position
themselves. Establishing this field of values would be helpful to principals of small firms in determining
their own position, and to researchers in achieving a better understanding of the strategic context in
which small architectural firms operate. The second use for the tool is as a consulting or diagnostic
tool for individual small firms. The tool is intended not only to elicit characteristic values, but also to
contrast the firm with its nearest competitors in terms of these values and thus enable a clearer
differentiation of the firm.

2. Small fish in a big market

2.1 The problem facing the many small firms in a very competitive
market

The architectural field is characterized by a very large number of very small firms chasing relatively
few commissions. Ironically, the crash in 2007 has led to a significant increase in the number of these
very small firms. Massive layoffs amounting to as much as 40% of the architectural workforce in
countries such as the UK, and the Netherlands, although the impact of the global financial crises (GFC)
was to a lesser impact in Australia the number of staff turnover increased considerably moving across
practices or contractual amendments — ie. work-week of four days instead of five. In the Netherlands,
for example, between layoffs and a pattern of continued newly minted architectural graduates has meant
that for many architects the only way to practice has been to freelance or attempt to set up their own
firm. This has resulted in a 9% increase in the number of boutique firms and a 47% increase in the
number of freelancers between 2007 and 2014 (Consultancy.nl, 2014). All of these new firms fiercely
compete with existing and well-established architectural firms for what until very recently has been in
most countries a declining amount of architectural work on offer. To be successful in such a hostile
market environment one might expect that a firm would need a carefully considered strategy — one in
which the firm is carefully positioned in the market between potential clients and their competitors.

2.1.1 The Coxe strategy

What might be considered the standard approach to strategy for architectural firms was developed by
the Coxe Group in the 1980s and focuses on conformance to six viable architectural firm types (Coxe,
1987). However, we would like to argue that this approach is no longer adequate to the needs of
architectural firms (Heintz, 2012). While the Coxe Groups’ fundamental point of knowing who and
what a firm is, helps firms to structure themselves well and remains valid, the current situation calls for
more. Specifically, the current situation calls for a method for architectural firms to differentiate
themselves from their nearest competitor firms, normally firms of the same Coxe type.

The architectural market, especially at the small end, is an unusual market in the sense that there are
comparatively many sellers and comparatively few buyers. Clients enjoy a relatively strong position in
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the architectural market; there are always many architectural firms ready to compete for any
commission offered. In terms of the types developed by the Coxe Group, the majority of an architectural
firm’s competition will be firms of the same type. The vast majority of small firms still offer a “wide
range” of design services, claiming competence in all types of building and for all types of clients.
These will most commonly be type C Strong Service business-centred-practices (Coxe, 1987). Hence,
while the Coxe type strategy may be very helpful in ensuring that a firm is well structured, it is of little
use in differentiating a firm from its nearest competitors. For that a firm needs to discover how it can
stand out from those most similar to it.

Heintz & Aranda-Mena (2012) concluded in a previous paper (Montreal paper) that more appropriate
methods should be used to investigate the topic of business strategies for architectural firms, especially
those start-ups or in transition from small to medium or medium to large. Many of the practices would
begin with a design agenda or design-oriented, growth and transition would require a business mind-
set. Moments of crises emerge when the core value systems might seem compromised by the principals.
In other words, to trade the design or artistic values for commercial values, pride in architecture often
emerges when a project is ‘not compromised’ when moving into the Resource Based View (RBV) or
similar model. At the conclusion of their earlier paper the authors identified a lack of real-world and
empirical evidence on the models of Business for architectural firms and concluding with their paper
suggested a more psychological approach to the research in other to better understand the views and
values held by a ray of practices suggesting then reading on Personal Construct Psychology and the
Repertory Grid Technique (Kelly, 1955).

2.1.2 The need for differentiation

The Resource Based View [RBV] of firm strategy may offer us a helpful lens though which to
understand strategy in this more competitive environment. The principle conclusion of the RBV was
that to be successful a firm had to find a unique resource or competence to which their competitors did
not have access (Penrose, 1959; Barney, 2001). This unique potential was then the source of a
competitive advantage.

Seen from this point of view, the general problem solving and design competences that form the core
of architectural training and of traditional architectural practice are anything but scarce. Signature
styles, or at least the ambition to display a signature style, are also relatively common. And to portray
a specific ‘signature’ as a scarce resource seems a bit sycophantic.

2.2 What counts as a unique resource?

If RBV strategy relies on unique resources, what count as a resource for a small architectural firm? And
are any of them unique? As architecture does not require a heavy investment in plant or costly materials,
the resources in question are the firm’s competences to deliver specific services to their clients.
However, it is difficult to imagine a truly unique architectural competence, aside, that is from the
architect’s signature style, which is not relevant to the majority of clients. We therefore argue that
strategy for small firms will be a matter of a scarce combination of scarce competences, rather than of
truly unique competences. Architectural firms, small or large, must strive to identify one or more scarce
competences to which they have access and build their firms around them.
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Competition in architecture takes place on a project-by-project basis — in the selection processes of
clients. While clients for large projects will often have relatively robust, transparent selection processes
based on pre-established criteria, clients for smaller projects, and therefore smaller firms will have more
improvised selection processes. For these clients the two most important selection factors will be price
and “click’ — the feeling that they can work with this particular architect. Click is a mixt of personality,
values and interaction style. This will typically be assessed on the basis of a presentation based on the
firm’s portfolio and how it proposes to carry out the design of the project. We therefore propose that
the relevant competences are:

Values
Competencies required to realize values
Portfolio as evidence of realized values.

The method we propose here will elicit the value system of the principals of firms interviewed. It is at
the level of values that a firm can best determine its potential to differentiate itself form its competitors.
Once the value system is determined, the firm can then perform an assessment of its competencies and
determine which ones to foreground or to invest in developing further. Finally, the firm can determine
how to present its portfolio to best exemplify its chosen values.

3. Personal Construct Psychology (PCP)

The overarching theoretical foundation of this paper and approach is that of Personal Construct
Psychology (PCP) also known as Personal Construct Theory (PCT) first published by George Kelly in
1955. The theory has a strong psychological foundation but has also been applied in more pragmatic
domains. The over all contribution of the paper is to validate RGT as a briefing method for unearthing
of tacit knowledge by firm principals. Results overtime are to inform the authors on emerging business
strategies applied by architectural firms, clients and designers. For this, the authors are into determining
how well RPT - in conjunction with cluster analysis — is able to reveal:

(1) Architects’ visions on attributes of practice differentiation and business development strategies.

Psychology aims to predict behaviour. Similar to other psychological theories PCP is funded on a set
of assumptions about man and his relation to the world (Kelly 1955). In this way, through the PCP lens
the authors draw on respondents experience to plan for their future. PCP only help to expose those plans
or predictions and thus the researchers would have a possibility to provide guidance - and the respondent
to see and compare their own practice over time.

This study embraces a pragmatic approach towards its validity in which at this point it only seeks to
make-sense from the respondent view point, thus internally valid. That is, if the grids make sense to
those involved in the study the model is internally valid. This is supported by the epistemological
framework of Personal Construct Psychology (PCP) (Kelly, 1955). Kelly suggests, that the sorting
scenarios proposed to the client are representative of those with which he must deal in structuring his
life role. No such thing as general representativeness can be achieved in the same way that there is no
general validity of a test. The problems of representativeness in constructs and element where measured
in relation to each hypotheses or client under test (Kelly 1955).

PCP offers a framework for understanding human behaviour and decision-making. PCP works on the
premise that people spend a lifetime testing personal predictions or hypotheses. In other words, every
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person is viewed as a scientist who seeks to apply definitions, concepts and constructs (constructs as
attributes attached to concepts) to each of his or her actions. By adopting such a view, PCP provides a
framework where subjects think and reflect on their decision-making, attitudes, knowledge and as well
as actions taken by individuals and collective groups. One of the research techniques to elicit such
knowledge and information is the repertory grid technique RGT (Gaines, 1999).

3.1 The Repertory Grid Technique [RGT]

The repertory grid technique falls under the principles of Personal Construct Psychology. The technique
has been applied on a wide range of fields spanning from psychology to management. To beginan RGT
session on a particular topic the client (or interviewee) and the researcher (in this case software designer)
begins with discussions around given scenarios known as ‘elements’. Such elements could also be
situations, people, objects or any chosen scenario under investigation and in the case of this paper they
may refer to different software applications that planners are asked to consider. As part of such
discussions, the technique requires the client to compare elements thus generating a list of bi-polar
attributes or constructs.

RGT requires respondents to compare and contrast a number of elements, objects or scenarios. For
instance, the focus of a grid session could be on the assessment of the interface of a number of planning
software applications. This will require comparing and contrasting across all ten elements such as
software tools - organised in pairs or triads - thus generating distinctions also known as bi-polar
constructs. When the approach is by triads, this comparison takes place by randomly bringing up three
scenarios at a time. Then each respondent needs to identify an aspect that is similar to two scenarios
and which makes a difference to a third thus generating grids with elements and bi-polar constructs.
Grids are generated implying conscious reflections. Grid validation takes place by individual
respondents who follow up discussions, thus respondents have the choice to change the grid. A more
detailed account of how constructs are elicited will be presented in the next section of this paper.

3.2 Applying RGT to differentiation of architectural firms

In the context of business strategies for design firms, the application of RGT would involve subjects
considering subsets of competing design firms as elements with the purpose of generating a number of
constructs and rating them. The first step is to select a number of architectural firms from the
environment of the interviewee. Each participant was asked identify 9 architectural firms which
exemplified a set of roles and which served in some way as an example to them. Originally, the authors
chose a series of roles which were defined in terms of the characteristics of the firms to be named,
however during the interviews it emerged that the interviewees were more able to think of relevant
firms when triggered to think of firms in terms of their meaning to the interviewee. In all cases the final
two firms were the interviewees own practice as it was then, and as the interviewee would ideally see
it develop.

Table 1: Original and Emergent Reference Firm Roles

Original Emergent
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1 | Traditional architecture 1 | Former Employer

practice
2 | Alternative architecture 2 | Mentor
practice
3 | Avant-gard practice 3 | Ideal Model (Firms which the subject would like to imitate)
4 | Small start-up 4 | Negative Model (Firms which the subject would definitely not
like to imitate)
Small established Competitor
Design driven practice Ally

Process driven practice

My own practice Subject’s own practice

© (00 |N | o
© (00 |N | |Oo

My ideal practice Subject’s ideal practice

The way the interviews were structured was by organizing triads, consisting of three of the element
architectural firms, and asking the respondent to identify a commonality amongst two practices which
makes a difference to the third. For instance, if the triad consisted of elements 1, 4, & 6 (traditional,
small start-up, design driven firms). The respondents might then group 1 and 6 together and
differentiates them to 4 yielding the construct Experience, and the contrast Lack of negotiation skills.
This means that for the respondents a traditional practice and even a design driven practice are better
fit to negotiate with clients. This implies that a small start-up is less prepare with such an important
business skill.

The process is repeated with as many practice combinations as felt exhaustive to cover the topic and
subtopics of the paper. This could be developed over on-off session or over a number of sessions.

4. Interviews

The study consists of a series of 5 interviews (4 in the Netherlands, and 1 in Switzerland) of principals
of small architectural firms using the PCT/RGT technique. The Interviews were conducted according
to the protocol described below. Each interview resulted in a completed Repertory Grid comprising of
between 7 and 10 constructs consisting of values and their contrasting ‘opposite’. These in turn provide
a characterisation of each firm individually, and of the strategic context collectively which will be
presented in a follow up paper to this one.

4.1 Firms Interviewed
This section reports on emerging constructs on five interviews as a scoping qualitative study.
4.1.1 Frim PN1 A&R10
In going so far as to include the word ‘renovation’ in the name of the firm the owner-architect signals

to potential clients that their problem is not a second choice selection for the firm — not a poor substitute
for a new building. By focusing the practice on renovation, the firm has been able to assemble
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experience in the problems specific to the renovation and repurposing (transformation) of older
buildings. The firm supplies advice during the initiative phase, including assistance in obtaining
renovation subsidies for listed buildings. The owner-architect started the firm on a part time bases, and
have been working fulltime for 3 years by the time of the interview. The firm had 3 contract workers in
addition to the principal.

4.1.2 Firm PN2 (Urbmath)

The sole owner-architect started Firm N1 immediately upon graduation from architectural school.
Indeed the firm’s approach is directly taken from the architect’s graduation project — a center for
Rotterdam Contemporary Youth Culture. What sets Firm N1 apart from other young architectural firms
is the architect’s personal interest and facility in what he calls Youth Culture. In essence the architect
is hip. He is a figure in the Rotterdam hip-hop scene, and is accepted as a credible speaker for youth
culture by the municipality and by private clients. The firm was 3 years old at the time of the interview,
and had grown to 5 contract workers.

4.1.3 Firm PN3 (ORGA Architect)

PN3 is specialized in sustainability, specifically “Bio-based Building”, and is active in research into
bio-based architectural materials as well as design of sustainable buildings. In addition the firm has a
strategic partnership with a small contracting firm, also specialised in bio-based building. The firm has
received media attention, and the principal has received an award for entrepreneurship and achievement.
The firm was 6 years old, and had 4 fulltime employees in addition to the principal.

4.1.4 Firm PN4 (SJO Architecten)

The 2 principals of SJO Architecten took over the firm on the retirement of their previous employers.
The succession had been carefully structured by the previous employers, who hoped to leave a legacy
and an imprint on the firm. The firm had changed its name less than a year before the interview. The
firm had been healthy up to the crisis in 2008, and had continued with reduced staff since then.

4.1.5 Firm PS1 (OOS Architektur)
Firm motto/slogan: Design is our passion

PS1 is an architectural firm based in Zurich which was founded in Zurich in 2000 by the four architect-
principals. In recent years it has grown into a larger commercial firm with corporate clients operating
in Zurich and neighbouring areas. Besides office facilities, other projects also include housing projects
and converting old factories into social-housing systems in the townships of Aathal, Flums and Schénau
near Zurich. The factory conversions has become one of their trademarks their own office being in an
old factory in Zurich’s industrial suburb Haltestelle.

“We create space in all scales, and design it comprehensively. Our team is made up of specialists in
architecture, interior design, urban planning, spatial development, scenography and branding. They
transform the requirements, subjects and values of users and clients into a customized spatial
environment. In addition to our wide experience, we continually observe new trends and developments
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and ensure that the knowledge gained flows into the projects. A trans-disciplinary approach and holistic
methods characterize the development process and the results of our work.”

The practice was 13 years old at time of interview and had approximately 20 employees and two
principals, both interviewed.

4.2 Interview Results

The method generated both a wide spectrum of constructs, and therefore of values, reflecting the variety
of firms interviewed. Yet it was also possible to group the constructs in clear clusters around three
themes: Design & ldeology, Process, and Business. The Design cluster was the least surprising.
Architects traditionally attempt to distinguish themselves through their portfolio and signature or style.
However, we saw some constructs, such as the Flexible-Specific construct that contrasted sharply with
the traditional architectural interest in specificity and idiosyncrasy. The Process cluster contained
constructs that were both internally focussed and externally focussed.

Table 2: Clustering of constructs, clusters, subclusters and example constructs

Cluster Subcluster Construct Contrast
Design & Ideology | Design Elegant Design Mediocre Design
Flexible, Impersonal Specific, Personal
Ideology Official Culture Subculture
Design Driven Social Impact Driven
Process Process Joy/Fun Professional/Corporate
Openness to share knowledge | Won’t share knowledge
Business Internationalisation | Swiss Market International market

Specialisation

(Social) Housing

Divers portfolio

Sustainability General Services
Services Architect Architect Developer
Size Big projects Only small projects
Marketing Waits for work to come in Creates work
Business Business as ususal Business innovation

Want to make money

Careless of money

The process cluster is a combination of current and desirable attributes to the practice - inwards to the
firm. Theses align with the practice culture and also technical skills such as ability to share knowledge
and problem solving.

The business cluster is outwards to the firm - with constructs such as business growth, national or
international expansion, business size, client base and marketing strategies just to mention some.
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The overall appraisal is been a positive one in the sense that grid process and results gives instant
feedback articulated by the interviewer. In this way, participant and researcher can discuss results and
modify them if necessarily. Amongst the graphics for date analyses are: structured repertory grids,
cluster analysis, dendograms, principal component analysis and socio maps which are beyond the scope
of this paper but previously studied in depth by one of the authors over a PhD investigation (Aranda-
Mena, 2003). Grid analytical work will follow up to this paper.

4.3 Feedback on the tool

The authors have asked two of the respondents to provide some comments or feedback on actual
Repertory Grid Technique. Here below some of the feedback. In general the interviewees responded
positively, e.g. “Extremely Interesting” -- PN4.

4.3.1 Feedback from PN4
“Extremely interesting.”
Thinking about help to the specifics of the firm.
“This is very nice because then you start to think of how you want to position yourself.”
Forced choice is what makes you start thinking.
Each different set requires that you make a switch, either positive or negative.

4.3.2 Feedback from OOS
The Repertory Grid Technique was perceived as good and effective method but it was pointed out that
in order to drilldown into more understanding of differentiation across the element organisations more
information from the competitors would be required other than the more superficial perception. Follow
up zoom-in sessions would be required.
Perhaps a follow up session purely focused on internal resources including human resources, skills and
assets. It will be then easier to also compare with competitors. This was referred as a 360° degree pan-
view.
Other topics such as organizational maturity were discusses. Especially in relation to architecture which
tends to be a “highly-controlled” culture where principal architects tend to keep the knowledge to
themselves and run their studios on a top-down approach. Swiss example of Peter Zumthor, Mario Bota
came to the discussion as highly personalized practices which must likely will die when their funding
members are gone.
A world-view that still prevails in architecture culture is that of the architect at the top of the pyramid

above investors and above society. In the view of the interviewees design is a core business attribute
which has to be a must but from there a number of skills and competencies have to be develop.
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The triad technique works well however, the perception is that the discussion is too superficial as the
tendency is to generate and outside-view instead of “drilling-into”.

A recommendation (for the follow up interview) is to have/provide more information (or allow time to
research) the particular elements (architecture practices) in order to have a more informed/factual
discussion.

The two respondents much liked the triad interviewing technique and are looking forward to follow up
discussions and engagement with our research paper/topic of much value to them!

5. Discussion
Past present and future.

Many of the constructs generated are similar to the questions the Coxe group used in their typological
approach. On the one hand this suggests that few new values were disclosed. On the other hand it does
make it possible to cycle between discussions of typological consistency and points of differentiation
within the type.

However, the results do suggest that where the Coxe typologies suggest that few Strong Idea firms
would have an interest in profitability, this may no longer be true. Indeed, the firms interviewed,
although generally successful, did not fit easily into the Coxe typologies, particularly the distinction
between practice-centred-business and business-centred-practice.

Developing tactics, bottom up.

During the interviews a more interviewee centred approach, e.g. the emergent elements, was found to
elicit more productive conversation around the constructs. This sets the goals of research and consulting
against each other, as mapping the range of strategic values would require using a consistent set of
elements and constructs in order to build up a body of data that could be analysed with the statistical
tools from the RGT.

The brevity of interviews, and the dependency on perceptions of the element firms, means that the
interviews are limited to an exploration of values. The element firms serve as devices with which to
prod the interviewees to reveal their values. The results, therefore, are not a complete analysis of
capabilities of the interviewee’s and element firms, but rather an analysis of the values by which the
interviewee would like to differentiate their firm from the element firms. Further work would be
required to determine the degree to which the interviewee’s firm possessed the desired capabilities or
needed to invest in developing them.

All of the firms interviewed expressed a clear desire to distinguish themselves from what they saw as
the way the previous generation did business. Whether it was in terms of authenticity, design innovation
and research, corporatism or business innovation. Interestingly, while there was a clear interest
expressed by all the firms interviewed in profitability, most also wanted to contrast themselves from
what they perceived as the conservative ‘corporate’ firms which are normally associated with
profitability.
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Customer orientation. [Actually, the strategy of differentiation of firms implies a similar differentiation
of clients. The scarce competences will not be of interest to every client; otherwise they would not be
scarce.]

6. Conclusions

On the validity of the current data collected the authors maintain that the paper is of qualitative nature
and no further validation other than that of the respondents is required. In other words, internal and not
external validity is expected at this point. However, it is envisioned that over a series of interviews
eliciting constructs and elements will sum up of statistical analysis with external validity (Wright,
2006). At this point the authors are expecting to provide generic templates to assist industry with various
entry points into PCT based mentorship sessions.

Results at this stage indicate wide range of emerging constructs, which have been categorised into a
more specific number of clusters. A hierarchy of clusters are discussed such as (1) Design Oriented, (2)
Ideology, (3) Process and (4) Business are amongst the most crucial discussion themes.

To conclude, this paper is argumentative in nature and as the abstract and introduction states, it aims to
position the Repertory Grid Technique as a method to assist architectural firms with their growth. The
RGT has proven to be a flexible, engaging methods that begins from the view-point of the respondents
and not from a more traditional prescriptive approach such as the earlier investigated and tested
techniques such as the RBV.

One aspect of RGT which could be better addressed in future sessions include timing control as it is
easy to branch into a number of internal and external issues to the practice with some of the interviews
taking 90 minutes or in the Zurich case over several sessions. It would be interesting to limit the agenda
to more specific topics for discussion with the view to revisit the interviewee and expand from particular
points. The other side to timing is that of discussing experiences or aspects to the practice in past,
present or even future. The timing in this sense provides a way to compare a point of reference within
the same practice as it grows, shrinks or experiences transitions points from stability to crisis and
bouncing back (or not) to stability. This aspect of timing can be better managed during the interviews
in order to encourage “reflections” and provide a retrospective history to particular clients or firms.

The final argument is that of the utilised terminology via the RGT for eliciting the constructs and thus
developing the grids. RGT would provide a number of predefined elements, however the authors found
that different respondents react differently to the same set of elements and is some cases better words
would suit those same elements — ie. same meaning under different words and in other cases even
cultural or language adaptation. This is an interesting development as the interviews took place across
three different countries and although in English, the connotations of the elements and in some cases
the actual literal translation into Dutch or German would provide a different meaning, in such cases,
the element name would be refined to suit the client or respondent and not the interviewer. In this case
the authors expect to see overtime a number of similar elements or constructs under different names or
labels and possibly moving across different languages too.
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Abstract

Projects in the construction industry are accompanied by unique unforeseen threats to overall
project goals and risk management (RM) reduces the detrimental effects to the project.
However, risk provides a platform for opportunities if properly managed. Contrary to the slow
pace of adoption in the construction sector of Singapore, the IT industry possesses a long
history of properly managing risk. RM measure are redefined and improved by the IT industry
from past projects failures. The demand for productivity gains, skill upgrade and sustainability
drives a consistent investment of above S$250 million by the Singapore government in the
construction sector. It is therefore imperative to tackle the challenges facing the industry to
enhance its long-term competitive edge and business sustainability. Hence, this paper seeks to:
(1) to explore and understand the construction and IT industries' acceptance of RM and; (2) to
recommend practices that could be adopted by the construction industry from the IT industry in
order to increase implementation levels of RM. Attitudinal inclination towards RM was
collected via questionnaire from IT and construction companies. The data was analysed using
mean score ranking and examined with T-test for statistical significance differences among the
different sectors. The results revealed that the barriers reported by the construction industry
were significantly different from those experienced by the IT industry. Furthermore, the results
established that IT industry practitioners tend to be risk takers who desire training in RM skills
while construction industry practitioners tended to be risk avoiders who resisted the changes
required to implement RM. Similarly, when compared to the IT industry, the construction
industry respondents lack adequate understanding of RM benefits. The study concludes with
recommendations for the construction industry to increase its awareness of the benefits of RM
and provides recommendations to increase its implementation.

Keywords: Construction Industry, Information Technology, Risk Management, Singapore.
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1. Introduction

In the construction industry, identification and analysis choice of risk is opined to improve
business risk (Rostami et al., 2015). Failure to adequately envisage unforeseen risk is
detrimental to any project. Where RM failure occurs, key stakeholders lay the root causes on
implementation rather than on RM core principles (Gendron et al., 2015). The ability to assess
and overcome risk provides fertile grounds for project investment growth (Yafai, et al., 2014).
Singapore development ideals towards an advanced economy targets superior skills with the
construction industry as a key sector. The sustainable growth to provide housing and
infrastructure for the growing population requires a long-term strategic outlook. RM is a critical
tool for managing projects and failure to manage risks leads to project failure. Construction
project involves a large number of players. The Information Technology (IT) and the
construction industries came into prominence under the initiatives of the Singapore Government
to automate many work functions. IT industry records a long standing history in implementing
project management (PM) (Larssen, 2006). Implementation of project and RM arose as a result
of the industry’s reputation for its many earlier failures. Because so many IT projects have
failed, substantial research were conducted to improve their likelihood of success through the
implementation of RM. Due to early developments and awareness, the industry has since
enjoyed a higher success rate, decreasing overruns on budget and schedules (The Standish
Group 1995). RM standards are devoid of basic principles in applying RM in Small and
Medium Scale Enterprises (Rostami et al., 2015). Similarly, the anathematised state of RM use
in small projects presents a negative trend to the ideals of total RM (Hwang et al., 2014). Oman
construction industry places majority risk factors in government category (Yafai, et al., 2014).
Companies that hire construction services on a recurring tenure systematically avoid applying
RM procedures in projects (Serpella et al., 2014). The construction industry has a very poor
reputation for managing risks with projects failure deadlines and cost (Mills, 2001). The
construction industry is devoid of a good track record of coping with risks with poor reputations
for dealing with risks that produce cost and schedule overruns (Smith et al., 2006; Azhar et al.,
2008). In order to distinguish existing deficiencies in the implementation of RM in the
construction industry, it would be prudent to perform comparative case studies with the IT
industry. This process should stimulate the construction industry to recognize the importance of
RM and to improve their capabilities to manage risks, ultimately helping to deliver more
successful projects. Therefore, this study seeks to: (1) to identify organizational attitudes
towards RM; (2) to recommend RM best practices in the construction industry.

2. Risk Management, Information Technology and
Construction Review

2.1 Risk Management
Uncertainties provide a bedrock for discomfort to stakeholders in any project (Olsson, 2007,
Serpell et al., 2014). Although inherent in this discomfort lies significant opportunities worth

embarking on (Hillson, 2011; Serpell et al., 2014). Risk is defined as the possible occurrence of
a detrimental event to a project (Hillson, 2011; Serpell et al., 2014). International Organization
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for Standardization (2009) defines risk as a combination of the probability of the occurrence of
a defined hazard and magnitude of consequences of the occurrence. Project Management
Institute (2004) defines risk as an uncertain event or condition that, if it occurs, has a positive or
a negative effect on project objective. Most concentration of project managers are directed
towards the negative side (Hillson, 2011; Serpell et al., 2014). Hence, identifying, adequate
examination and methodological application to risk reduction is key to any project (Tohidi,
2011; Serpell et al., 2014). RM process involves risk planning, identification, assessment,
analysis, response, monitoring and recording and management process (ISO, 2009; Serpell et
al., 2014). Risk identification and analysis are the most crucial elements in the process of RM
(Mills, 2001; Hwang, Chua, 2011; Hwang et al. 2012). Ebrahimnejad et al. (2009) importance
of risk identification are: (1) to avert possible events; and (2) relative importance on risks.
Lyons and Skitmore (2004) and Hlaing et al. (2008) identified common risk identification
techniques. The essence of risk analysis is to quantify the effects of major risks that are
identified (Mills 2001). Hayes et al. (1986) stated that project risk analysis is often subjective
affecting prospective benefits of RM from being realized. Effective risk analyses require a
neutral and unbiased approach, though that is understandably difficult due to the potential for
conflicts of interest. Techniques for risk analysis includes direct judgement, expert systems,
code optimization, sensitivity analysis, probabilistic analysis, Monte Carlo simulation, kinetic
tree analysis, expected monetary value, risk adjusted discount rate, and risk premium (Ahmed
and Azhar, 2004; Lyons and Skitmore, 2004; Mills, 2001). RM is viewed from a negative
domain rather than a neutral domain from the construction professionals’ perspective in
Indonesia (Hartono et al., 2014). Mills (2001) summarized that: (1) a cost-benefit assessment;
(2) the removal of unnecessary contingency; (3) the clear recognition and acceptance of risk
and; (4) realistic cost estimating.

2.2 Information Technology (IT) Industry and Risk Management

The evolving IT spheres provides several platforms for risk assessment. IT businesses provide
project solutions that deliver new functionality for existing systems as well as create new
systems for processing, storing and manipulating confidential data. To deliver products on time
and at minimal cost, players in the industry have to be concerned with systematic invention,
production and maintenance. Controlling and managing risks in this industry does not end with
the completion of projects. RM to the IT environment is an essential management responsibility
rather than a technical function carried out by the IT experts who create, operate and manage the
IT system (IT Governance Institute, 2005). The Standish Group (1995) stated that formal
managerial processes should be applied to the IT industry because when IT projects fail, it is
usually due to the lack of management rather than technical mistakes. This aspect has triggered
debates over the importance of RM in the IT industry (Mcmanus 2004). Taylor (2004) and
Schwalbe (2009) stated that IT projects are usually linked to business processes and
organizational systems that often involve a complex hierarchy of a large number of
stakeholders. IT project managers tend to address RM as a standalone process and feed the
results into their company integrated project management system (Marks, 2011). Many IT firms
use integrated systems in order to balance the operational and economic cost of protective
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measures. IT professionals are trained and educated in terms of skills, tools, software, and
technical and managerial techniques that can be used for RM.

2.3 Construction Industry and Risk Management

The construction industry is characterised by large-scale, complex assembly of components on-
site, often requiring significant coordination of project team members (Geddes 1996).
Construction firms make business decisions relying more on intuition, personal judgment, and
experience than from formal and systematic processes. The deficiency of RM implementation in
Singapore construction industry is due to the lack of familiarity with techniques, concepts and
methods of RM (Taroun & Yang, 2011). Construction professionals’ possess natural inertia to
adopt new systems of procedures which are not familiar to them (Enegbuma et al., 2014).
Taylor (2004) and Han et al. (2006) proposed the use of intelligent RM system in the industry.
Akintoye and MacLeod (1997) regarded cultural issues as one of the major barriers to RM
adoption with negative attitudes and mistrust towards risk analysis. Akintoye and MacLeod
(1997) summarized the causes as: (1) lack of expertise in the techniques; (2) lack of information
and knowledge; (3) time constraints; (4) doubts on applicability; (5) reliance on experience; (6)
doubts of its benefits; and (7) lack of client commitment. In risk mapping for cost estimation,
ontology approach examines potential risk paths to project perceived future cost overruns for
international projects (Yildiz et al., 2014). Knowledge based approach by learning from
previous risk experienced from successive projects have been identified as a means to counter
future risk (Serpell et al., 2014). Risk sharing between owners and contractors can be modelled
by integration of fuzzy logic into systems dynamic modelling structure (Nasirzadeh et al.,
2014). RM can be monitored and analysed using a risk evaluation system built on the maturity
levels (Serpell et al., 2015). RM technique are not applicable for use in all project situations
(Forbes et al., 2008; Serpell et al., 2014). RM and risk identification is better handled through
continuous learning process by contractual parties to a project (Perera et al., 2009; Serpell et al.,
2014). RM improvements to meet client quality, cost and time needs for small sized projects in
Singapore are prominently affected by lack of time, budget and profit margins (Hwang et al.,
2014). Lack of managerial skill and underlying knowledge in choice of RM tool presents a
challenging factors for SMEs (Rostami et al., 2015). Low level of enterprise RM (ERM)
maturity exists among firms in Singapore (Zhao et al., 2014a). Insufficient resources
characterised by lack of time, money and people were most critical (Zhao et al., 2014b).

3. Research Methodology

To accomplish the research aim of exploring and understanding the construction and IT
industries' acceptance of RM and recommending practices that could be adopted by the
construction industry, an extensive literature review was carried out to gain insight into the
existing research on RM in both IT and construction sectors. The research instrument for
comparison of both the IT and construction sector was developed via a questionnaire (Creswell,
2014). The questionnaires consisted of three sections namely: profile of respondents, RM
implementation and suggestions to improve risk implementation. The sampling were randomly
carried out for both IT and construction sectors derived from two sources. IT sample
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respondents were derived from the database of National Computer System (NCS) and Inland
Revenue Authority of Singapore (IRAS) while construction was derived from the Contractor
registry of Building Construction Authority (BCA). Each respondent was required to be
assigned based on adequate knowledge and experience in the RM implementation processes in
the firms. The responses were ranked using a five-point Likert scale from 1-Strongly Disagree
to 5-Strongly Agree and analysed using mean score approach (Zhao et al., 2014a). The means
score results was compared using a two-sample t-test to examine the statistical difference
among the two sample respondents.

4. Data Analysis and Discussions

4.1 Information Technology and Construction Industry
Demographics

The IT industry responses were 43 completed questionnaires. The work type in Table 1 revealed
that PM and project managers made up for 72%. This points to the ability of the IT firms to
competently carry out PM which forms the basis for this comparison. The number of employees
showed that 93% of the sampled firms possessed over 500 staff strength. The larger the staff
strength denotes adequacy in manpower and training in RM within the IT firms. The skill set
and manpower is further enhanced by the interaction of the personnel with 70% clientele from
both domestic and international. The years of experience in redefining and improving RM
techniques is reflected by majority of 28% possessing 5-10 years. The high number of PM
certification suggests that continuous professional development is encouraged within this sector.

Tablel: Demographics of Respondents

1T Construction

N % N %
PM 31 72% PM 13 40%
Work Development 5 12% Development 9 28%
Type Design 7 16% Contractor 6 19%
o Sub-contractor 4 13%
Characteristics Number of 350 - 500 3 % <50 9 28%
Company Employees > 500 40 93% 50 - 150 19 59%
151 - 250 4 13%
Domestic 13 30% Domestic 29 91%

Client Type International 0 0% International 0 0%

Both 30 70% Both 3 9%

Project Manager 31 72% Consultant 3 9%
Developer 5 12% Risk Manager 4 13%
Job Designer 7 16% Project Manager 11 34%
Title Quantity Surveyor 7 22%
Architect 7 22%

<5 10 23% <5 3 9%
Respondent Years of 5-10 12 28% 5-10 15 47%
Experience 11-15 10 23% 11-15 9 28%
> 15 11 26% > 15 5 16%

PM PMI 27 62% PMI 0 0%

Certification Others 8 19% Others 2 6%
No 8 19% No 30 94%

On the contrast, the respondents from the construction industry revealed a 40% involvement in
PM. This forms a wide difference of 32% when compared to the IT industry. Other work types
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were developers, contractors and subcontractors. 60% of the firms were relatively small with
staff strength of 50-150. Small companies might be limited in their ability to implement
comprehensive RM systems due to the lack of financial capabilities and expertise. A total of
75% of the respondents have experience of between 5-15 years while 10% of them had less than
5 years of experience in the industry. In contrast to the IT industry, 94% of the construction
respondents declared that they did not possess any PM-related certification whereas only 19%
from IT had no such certification. This may imply that the respondents from the construction
industry have not received formal training in management, possibly in preference to enhancing
technical skills and knowledge.

4.2 Organizational Attitudes towards Risk Management

Subsequently, the respondents were asked about their companies towards risks that they faced in
their business operations, processes and activities. An attempt was then made to assess their
firm’s attitude towards risks by asking if management could be regarded as risk takers, risk
avoiders, or neutral to risk. Table 2 revealed that 67% respondents considered their firms to be
risk takers. Those who identified their firms as risk takers were asked about the reason for their
selection, most reported that because their organization had established organizational RM
policies and processes, their firms were not afraid to take on risky projects. Majority of the IT
firms reported that they had been implementing RM for a relatively long span of time (72% for
greater than 5 years). Because the practice is well-established, it is likely one of the reasons that
the firms were proactive on taking risks.

Table 2: Risk Management in Organisations

Organizational Attitudes Towards Risk Management (RM) IT Construction

N % N %

Risk Taker 29 67% 9 28%

Risk Attitude Risk Avoider 8 19% 14 44%
Neutral 6 14% 9 28%

<1 0 0% 6 19%

Years of RM 1-2 0 0% 24 75%
3-5 12 28% 1 3%

>5 31 2% 0 0%

RM Implementation | Notatall 2 5% 21 66%
All Projects 27 63% 1 3%

Some Projects 14 33% 10 31%

1 (Strongly Disagree) 0 0% 0 0%

2 (Disagree) 6 14% 1 3%

RM Beneficial? 3 (Neutral) 5 12% 28 88%
4 (Agree) 16 37% 3 9%

5 (Strongly Agree) 16 37% 0 0%

Time Saving 10 23% 14 44%

Cost Control 10 23% 14 44%

Strategic Planning 3 7% 0 0%

Benefits of RM Increase of Stakeholders' Value 0 0% 1 3%
Increase of Understanding of Risk 7 16% 0 0%

Achievement of Project Goals 0 0% 1 3%

Minimal Disruptions 5 12% 1 3%

Utilization of Resources 8 19% 1 3%

Furthermore, as shown in Table 2, 63% of the IT firms stated that they implemented RM on all
of their projects. Of course, for a firm that considers itself a risk taker, implementation of RM
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would be a logical “must” on most of their projects. 74% of the respondents choose high ranks,
indicating that the implementation of RM was perceived as beneficial to their firms. The survey
questionnaire listed possible benefits that can be gained through RM implementation. Most
respondents reported that time saving (23%) were the main benefits yielded by RM. Efficient
RM allows organizations to develop contingency and mitigation plans that help them to manage
potential risks and activate plans to address risks quickly when they occur. The regular review
of contingency plans to monitor and control risks allows project managers to better predict cash
flow and available budget for work to be completed. RM implementation prevents cost and time
overruns and support more efficient utilization of available resources. Implementation of RM
can be challenging due to various reasons. On the contract, Table 2 also shows that 28% of the
respondents regarded their firms as neutral to risk and 44% reported being risk avoiders. It is
noteworthy that respondents from development and contractor firms who encounter
uncertainties in projects conform to a passive attitude of risk. However, this result may
correspond with the research conducted by Smith et al. (2006), indicating that the lack of RM
has persisted in the construction industry even though this industry is bound by a high degree of
risk from complicated activities. In fact, 94% of the construction industry respondents reported
that they had less than 3 years of experience implementing RM. The degree of implementation
of RM is relatively low when compared to the IT industry with a total of 66% reporting that
their firms did not implement RM at all on their projects. Although 31% of the firms indicated
that they practiced RM on some of their projects, and 3% did so on all their projects, the
benefits from RM implementation are apparently not well recognized. The majority, 88% were
neutral about its benefits and 3% disagreed that there were benefits. Nonetheless, the survey
respondents did indicate that proper implementation of RM may produce better identification
and management of risks that affect cost and schedule performance (time saving—44%; better
cost control-44%). The inference thus presents a scenario where firms from the construction
industry are doubtful about the benefits of RM which invariably hinders implementation.

4.3 Barriers of Risk Management Implementation

Table 3 interestingly shows that more than 90% of the respondents believed that the benefits of
RM were neither properly captured nor recognized by their companies (Lack of Belief in
Benefits: M=4.09; one sample T-test P-value=0.00). On the other hand, none of the other
barriers generated were identified as significant obstacles in their firms. The findings suggest
that if an IT firm does not implement RM, it is more likely due to the lack of recognition of the
benefits of RM rather than limitations of time and budget or resources such as tools and trained
project managers and employees. This result may imply that most IT firms have policies,
systems, and processes for RM, and their employees have been educated and trained in the area
of RM. On the contrast, construction industry respondents believed that insufficient budget was
one of the major obstacles hindering implementation of RM in their organizations (M=3.94;
P=0.00). This may not be a surprise as the respondents originated from relatively small to
medium-sized companies with limited financial capabilities for investment, development and
implementation of RM. Furthermore, 78% of the respondents agreed that untrained staff
(M=3.63; P=0.00) and project managers (M=3.56; P=0.00), as well as the lack of tools and
systems (M=3.56; P=0.00) were barriers in their companies.
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Table 3: Risk Management Barriers

*One **Two
Barriers SD D N A SA M sample sample
T-test T-test
IT C IT C IT c IT C IT c IT C IT C
% % % % % % % % % %
Lack of Belief in Benefits 0% 0% | 2% |56% [5% [13% |74% |[31% |19% |0% (409 |2.75 |0.00 |0.13 0.00
Operations Comfort 14% 0% |79% [28% 7% |13% | 0% |59% | 0% 0% [1.93 [3.31 |0.00 |0.06 0.00
Not Requested by the Client | 0% 0% [93% [28% [5% | 6% 2% |66% | 0% 0% [2.10 [3.38 |0.00 |0.03 0.00
Not Approved by the Client | 0% 0% [74% [31% [7% [19% |19% |50% | 0% 0% [2.44 |[3.19 |0.00 |0.25 0.00
Insufficient Budget 0% 0% [86% |0% 0% |6% [14% [94% | 0% 0% [2.28 [3.94 |0.00 |0.00 0.00
Time Constraint 0% 0% [93% |22% [1% | 6% 0% [72% | 0% 0% [2.07 [3.50 |0.00 |0.00 0.00
Lack of Tools and Systems 0% 0% [100% |22% [0% | 0% 0% |78% | 0% 0% [2.00 [3.56 [0.00 |0.00 0.00
PMs Not Trained 0% 0% [100% |22% (0% | 0% 0% |78% | 0% 0% [2.00 [3.56 |0.00 |0.00 0.00
Staff Not Trained 0% 0% |100% |16% [0% | 6% 0% |78% | 0% 0% [2.00 [3.63 |0.00 |0.00 0.00
No Culture in the Company | 0% 0% [100% [34% [0% [25% | 0% |41% | 0% 0% [2.00 [3.06 |0.00 |0.69 0.00
Not Much Risk Managed 3% 0% [95% |13% 3% [13% | 0% |75% | 0% 0% [2.00 [3.63 |0.00 |0.00 0.00

This may imply that RM in Singapore construction industry remains in its infancy and the
adaptation of key players to appropriate RM tools and systems is not yet common. It is also
possible that insufficient financial support for RM discourages development and implementation
of tools and systems, further contributing to the lack of opportunities for training project
managers and other project players. This may also explain why the potential benefits from RM
are not fully recognized. Considering that the mean scores of the listed barriers are statistically
different between the IT and construction industries, it can be concluded that the firms from the
construction industry face more barriers to RM than the IT industry. In other words, due to
active implementation of RM, IT firms have likely overcome most of the listed obstacles while
the firms from the construction industry have not. These results suggest that different strategies
for increasing implementation in the two industries are required.

4.4 Improvement of Risk Management Implementation

Organisational culture and applicability of RM techniques are vital towards effective
implementation and project success (Akintoye and MacLeod, 1997; Forbes et al., 2008; Serpell
et al., 2014). As a result, the respondents were asked to select methods that could improve their
current organizational environment towards adapting better RM. As summarized in Table 4,
about 90% of the respondents agreed that RM implementation in IT firms can be improved by:
(1) educating staff on the importance of RM (M=4.12; P=0.00) (2) conducting training sessions
covering the knowledge, skills and tools of RM (M=4.14; P=0.00); and (3) enforcing the use of
RM through appropriate measures (M=4.02; P=0.00). This may infer that IT firms have already
established processes and systems for RM but they recognize that continuing opportunities for
education and training should be given to their employees in order to maximize the positive
impact of RM at their firms. As shown in Table 4, the results from the methods for
improvement cited by the construction industry were significantly different from IT. These
differences are discussed later in more detail. On the contrast, 72% of the respondents in the
construction industry agreed that their firms should develop internal systems to improve the
degree of RM implementation (M=3.66; P=0.00). This strategy was not recommended by the IT
firms. M=2.00; P=0.00 suggests that such systems might already be in place. The mean
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difference of the responses between the IT and construction industries was found to be
statistically significant (two sample T-test P-value=0.000).
Table 4: Risk Management Improvements
D N A SA *One sample | *Two
Methods for T-test sample
Improvement 1T C 1T C 1T C IT Cc 1T C 1T C T-test
% | % | % % | % | % % % | % | %
Develop Internal | 0% | 0% |100% | 6% | 0% | 22% | 0% | 72% | 0% |0% |2.00 |3.66 |0.00 | 0.00 | 0.00
System
Educate Staffonthe | 0% | 0% | 0% | 31% | 2% | 13% | 84% | 56% |14% |0% | 412 [3.25 [0.00 | 0.13 | 0.00
Importance
Conduct Trainingon | 0% |[0% | 0% | 44% | 0% | 6% |86% |50% |14% |0% |4.14 [3.06 [0.00 | 0.72 | 0.00
Knowledge and Skill
Invite Relevant | 0% |0% | 98% | 25% | 2% | 0% | 0% | 75% | 0% |0% |2.02 |350 | 0.00 | 0.00 | 0.00
Experts
Enforce Use ofRM_| 0% | 0% | 0% | 34% | 2% | 28% | 93% | 38% | 5% | 0% | 4.02 [3.03 | 0.00 | 0.84 | 0.00

Construction firms felt that bringing in relevant experts would be important to encouraging
more implementation of RM (M=3.50; P=0.00) while this method was not one of the top
priorities of the IT industry (M=2.02; P=0.00; two sample T-test P=0.00). The results imply that
to increase implementation levels in the construction industry, proper internal tools and systems
should first be deployed. Experts should be engaged with sufficient financial investment to
support the effort. With a proper infrastructure, better implementation of RM can be established
and intensive and training can be held to train employees.

5. Conclusions and Recommendations

RM continually plays a pivotal role for effective project delivery. This study examined and
compared the status of RM performed by the IT and construction industries. The study observed
contrasting differences in the educational level of the respondents where, IT possessed higher
levels of training when compared to respondents from construction industry. However,
educational training alone does not translate to high level of expertise in RM but relies on the
respondents’ ability to apply management skills effectively in any risk assessment situation.
This buttresses the need for constant improvement in the practical knowledge on RM by
construction sector. The findings also revealed that IT industry respondents took an affirmative
stand on the values of their industry in propensity to take more risk and ensure adequate
techniques are put in place to mitigate any unforeseen risk that may arise. This ensures higher
competitive, productive and financial gains in the long run. This may reflect the flip positive
opportunities inherent in risk. In retrospect, IT firms exhibiting the characteristics of risk takers
may benefit from more opportunities to generate higher payoff. Caution is warranted here
because the assertion is true only when highly productive and effective RM measures are in
place such that risks are successfully mitigated or eliminated. IT industry has been
implementing RM more and longer than the construction industry. Construction industry
respondents took a more conservative standpoint as cautious risk takers. IT and construction
firms surveyed for this study agreed that RM is beneficial and may produce better schedule and
cost performances, more barriers were reported by the firms from the construction industry.
Plausible methods recommended for the construction industry to improve RM implementation
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were different from the IT industry. The firms from the IT industry reported that they have
established systems and tools for RM and thus need to focus more on education and training.
The construction firm indicated that proper systems needed to be deployed and used with the
engagement of RM experts. It is imperative to educate and train staff on the importance and
processes of RM, eventually enhancing the company’s capability to mitigate risks and exploit
opportunities. Construction firms can achieve long-term success via RM through more
investment on a competent RM structure with proper IT solutions and training programs.
Governmental and statutory requirements could also increase RM levels. It may be practical to
develop a series of certifications focusing on RM and to devise a scheme for giving benefits to
companies achieving such certifications. Due to the relatively small sample size, it may not be
appropriate for the results of this study to be generalized for broader interpretation of the entire
construction and IT industries. Another limitation is that the lack of RM implementation
observed in the construction industry might be due partly to the small size of the firms that
participated in the survey. It might be especially challenging for small firms to allocate
sufficient resources to the development and implementation of rigorous RM.
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Abstract

The problem of knowledge in construction is not ‘just” about knowledge, but about learning and
about putting knowledge into action in order to change practices. This paper will use the Danish
knowledge system as a case study in order to analyse where and why problems with regard to
knowledge occur in construction. This analysis is based on a literature review of seminal studies
on knowledge in general and a comprehensive documentary analysis of policy studies on the
Danish knowledge system combined with qualitative research interviews of key persons. This
paper starts out with a brief exploration of Danish policy studies and initiatives on knowledge
and learning in construction. The paper then moves on to outline an analytical framework to
understand knowledge and learning within construction. This paper suggests that an analytical
framework should: 1) adopt a systemic perspective on construction and refurbishment, 2)
highlight the absorptive capacity of firms as a crucial concept for adopting new knowledge, 3)
be sensitive to the historicity and path-dependency of the individual construction project, 4)
embrace communities of practice as the key framework for learning; and 5) manage the
recurrent changes in knowledge types during construction projects, notably from tacit to explicit
knowledge and vice versa. Based on this analytical framework, this paper has in broad terms
analysed how the various Danish policy studies of the knowledge system have articulated the
problem of knowledge in construction, identified how these articulations become controlling of
the corresponding solutions, and pointed out some of the shortcomings as a result. With these
insights in mind, it is the hope that future studies and public policies will adopt a more reflexive
and reflective approach to the problem of knowledge in construction.

Keywords: Knowledge flows, bounded rationality, governance, social shaping, communities of
practice
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1. Introduction: A sticky problem

Knowledge or rather the lack of knowledge-sharing has frequently been evoked as a core
problem with regard to improving the sustainability, performance and productivity of
construction. Hence, a range of policy analyses along with development initiatives and research
studies have been conducted over the years in Denmark. The policy analyses include for
example the use of technological services in construction (Bang, 1997), a survey on learning
and knowledge (Alsted Research, 2003), the characteristics of the communication landscape in
construction as formulated by the development programme Project House (Christoffersen,
2000) and the repeated call for improved dissemination of building knowledge (see e.g. Carlsen
et al., 2005). A number of other policy studies have focused on activities related to research and
development in construction. These include among others an analysis by the Danish Building
Development Council (abbreviated BUR) on production, use and dissemination of technical
building knowledge (Drabye, 1997) and several mappings of construction-related research and
development activities (see e.g. Christoffersen and Bertelsen, 1990; Boligministeriet, 1993; Det
Offentlige Forskningsudvalg for Byer og Byggeri (translation: The Public Research Committee
on Cities and Construction), 2000; Haugbglle and Clausen, 2002). These have been followed by
a number of public action plans like the programme “The Future of Construction: From tradition
to innovation’ (By- og Boligministeriet & Erhvervsministeriet, 2000), the action plan on
research and development activities (Udvalget vedrgrende byggeforskning i Danmark
(translation: Committee on Construction Research in Denmark), 2002), and a proposal for
strengthening research and learning in construction issued jointly by the industry, government
and knowledge institutions (Koordinations- og initiativgruppen for viden i byggeriet, 2009).

Along with the long line of policy studies a number of experiments and development activities
have been carried out, which have pointed at possible ways to improve the dissemination and
sharing of knowledge in particular with regard to the use of new information and
communication technologies (ICT). These experiments and development activities include
among others the Tele-byg project on the use of virtual communication in long-distance
consultancy (Hansen et al., 2002) as well as the MELFO and Melfa projects on the use of
handheld devices (PDA or smart phones) to support mobile e-learning for dyslexics. A number
of initiatives like the BygSol programme (Christensen, 2008) and Bricklayers in Motion (see
e.g. Bertelsen, 2011) have also been targeted at developing vocational training and improving
the competences of craftsmen and unskilled labour. The construction-related research on
knowledge include among others studies of morality and knowledge production among
consulting engineers (Munch, 2005), the cultural organisation in construction and its role in
knowledge application (Thuesen, 2006) and the constitution of partnering (Gottlieb, 2010). In
recent years, extensive efforts have also been put into developing and applying Building
Information Modelling (BIM) among Danish consultants in particular and more lately Virtual
Design and Construction (VDC) among some of the major Danish contractors.

Despite all of these efforts, the “problem of knowledge” seems not only to be sticking around,

but also to be accentuated by a general shift in most industrialised countries from new
construction towards refurbishment activities. Refurbishment entails a different set of
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challenges compared to new construction, which calls for new strategies, knowledge and
development of practices among construction professionals, policy makers and knowledge
institutions. Hence, a range of new initiatives are being launched to address these challenges in
many countries like the UK Green Deal programme, the Belgian BrusselsRetrofitXL
programme and the European roadmap for moving to a low-carbon economy by 2050
(European Commission, 2011).

Denmark is no exception to this general line of development. Thus, two large private
foundations recently initiated and funded a think tank to develop a new comprehensive
refurbishment strategy for the built environment. The think tank was composed of some 30
members representing all major parties of the built environment. Over the course of a year the
think tank held a number of consultations with experts, professionals and policy makers to
identify relevant challenges and formulate corresponding initiatives to address these. At the end
of 2012, the think tank published its strategy with seven initiatives related among others to
improving statistics on refurbishment, accelerating innovation, strengthening education and
improving dissemination of knowledge (Tanketank for bygningsrenovering, 2013).

One of the ensuing initiatives encompassed a more substantial analysis of ‘the problem of
knowledge’. This chapter will report on the results of this analysis and take a closer look at
where and why problems occur with regard to knowledge within construction. It will take as its
starting point that the problem of knowledge is not ‘just’ about knowledge, but about learning
and about putting knowledge into action in order to transform practices. The chapter will
identify different perspectives on knowledge and discuss how these understandings and
metaphors of knowledge articulate knowledge differently as a problem and thus becomes
controlling of the corresponding solutions.

2. Methodology
2.1 Ontological position

The analytical framework of this paper is developed on the basis of a number of seminal studies
on knowledge in general. The ontological position is based on the following assumptions about
knowledge in construction and refurbishment, more specifically:

- An analytical framework needs to address five levels to give a comprehensive
understanding of the problem of knowledge in construction. These five levels are: 1)
construction as a system, 2) firms as key players, 3) projects as the focal point, 4)
communities of practice in groups and professions, and 5) individuals as bearers of
skills.

- An analytical framework of knowledge in construction needs to be able to include both
explicit and tacit knowledge as both forms are strongly prevalent among the different
actors of construction.
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- An analytical framework needs to acknowledge that knowledge-sharing among project
participants and dissemination of knowledge from e.g. development projects takes place
through many different means depending on the type of knowledge etc.

- An analytical framework needs to consider knowledge as functional rather than actor-
centred, i.e. production, distribution and use of knowledge is not exclusively linked to
the different type of actor, but all actors may to a varying degree over time and space
act as producers, intermediaries and users of knowledge.

- An analytical framework needs to recognise that the formulation of knowledge
problems and possible solutions to these problems of knowledge is largely dictated by
how knowledge in construction is perceived and conceptualised.

2.2 Research design

The research design follows a case study design. Flyvbjerg (2006: 230) states that paradigmatic
cases ‘develop a metaphor or establish a school for the domain that the case concerns.’
Identifying a case as paradigmatic is particular challenging as noted by Flyvbjerg (2006: 232) as
paradigmatic cases by their very nature transcends any sort of rule-based criteria. The analysis
of the Danish knowledge system on construction and refurbishment may be considered
paradigmatic in the sense that it shares a number of characteristics and similarities with other
industrialised countries e.g. with regard to the distribution of construction output as new built
versus refurbishment, the application of the same European rules of procurement, and the use of
a range of similar construction products as in many other countries due to the European internal
market. However, there are a number of differences in national building codes, industrial
structure etc. that makes it less likely to use the Danish knowledge system as an exemplar for
construction knowledge systems in general.

The case also have elements of being a critical case, which makes it possible to draw
conclusions or generalisations of the kind that ‘if it is valid for this case, it is valid for all (or
many) cases’ (Flyvbjerg, 2006: 230). These arguments relate to characteristics of the Danish
construction industry like Danish construction professionals being generally considered as
highly skilled and knowledgeable, a well-paid workforce with social status, high degree of
digital literacy and extensive access to ICT solutions. Hence, if problems of knowledge exist in
the Danish construction industry, the same kind of problems — and maybe even in an
accentuated form — are likely to be found in other national construction industries.

2.3 Methods and data

The study is based on a documentary analysis combined with qualitative research interviews.
The longitudinal documentary analysis is based on a comprehensive selection of written Danish
sources covering the most prominent policy studies etc. over a period of over more than two
decades. This longitudinal study has been combined with a cross-sectional study of the present
situation and challenges through qualitative research interviews with seven key persons
representing major actors of the construction industry. These include a representative from
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educational institutions, information offices, research institutions, contractors, trade unions,
wholesalers, and R&D funding offices.

3. The problem of knowledge in construction
3.1 A systemic perspective

Gann and Salter (2000) adopt a systemic perspective on construction, where innovation must be
understood in the context of both the technological support infrastructure for producing
knowledge and the regulatory and institutional environment. The individual elements of the
system are connected to each other through flows of knowledge. Haugbglle et al. (2012) has
developed Gann and Salter (2000) systemic perspective to also explicitly include the building
users and suggest that links between the individual element can predominantly be understood as
business processes between actors in three different types of markets, learning processes and
policy processes (see Figure 1).

Regulatory and Institutional Framework

Supply Network |  Product market Project-based Firms | Construction market Owners {1 Users

Property market
| | I |
I} i i ]
—N Technical Support Infrastructure p—

Palicy <:> Business processes e — Leaming processes

Figure 1: Systemic perspective on construction (Haugbglle et al., 2012: 452)

The majority of policy studies on the problem of knowledge in Danish construction have
focused on how new research-based knowledge can be made available for use in the project-
based companies of construction. Most of these policy studies criticise in particular the
universities and other knowledge institutions for not disseminating new knowledge
appropriately to the project-based firms of construction, in particular contractors and
consultants. Thus, the preferred solution to the knowledge problem is to improve dissemination
from the universities and the like through e.g. mandatory dissemination plans for R&D projects,
joint information services e.g. as a sort of digital one-stop-shopping solutions etc.

However, a systemic perspective on the problem of knowledge as mentioned above indicates
that it is far too narrow to focus on the dissemination from knowledge institutions. A systemic
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perspective would rather suggest that the problem of knowledge can be found in four different
locations:

- The interaction between the political-institutional apparatus on one side and business as
well as users on the other side.

- The interaction between the individual companies and its customers throughout the
entire supply chain spanning three separate markets of products, construction and
property.

- The interaction between knowledge institutions and each of the business actors — supply
network, project-based firms, owner and users of buildings.

- The capabilities and interaction within each of the individual units.

3.2 Firm versus project: Absorptive capacity

Especially the capabilities and interaction within each organisation has often been neglected in
Danish policy studies, even though this is central to a firm’s ability to adopt new knowledge. A
central key concept in this context is ‘absorptive capacity’. Cohen & Levinthal (1990: 128)
defines this ability to absorb knowledge in the following way:

‘...the ability of a firm to recognize the value of new, external information, assimilate it,
and apply it to commercial ends is critical to its innovative capabilities. We label this
capability a firm's absorptive capacity and suggest that it is largely a function of the firm's
level of prior related knowledge.’

The development of a firm’s absorptive capacity depends on both the individual's and the
organisation's ability to adopt knowledge, which is both history-dependent and path-dependent.
Cohen & Levinthal (1990: 132) further point out that the firm's ability to adopt new knowledge
depends on the communicative structures inside and outside the firm, including the nature and
distribution of expertise within the organisation:

‘Absorptive capacity refers not only to the acquisition or assimilation of information by an
organization but also to the organization's ability to exploit it. Therefore, an organization's
absorptive capacity does not simply depend on the organization's direct interface with the
external environment. It also depends on transfers of knowledge across and within subunits
that may be quite removed from the original point of entry. Thus, to understand the sources
of a firm's absorptive capacity, we focus on the structure of communication between the
external environment and the organization, as well as among the subunits of the
organization, and also on the character and distribution of expertise within the
organization.’

In project-based industries like construction, the absorptive capacity is not solely linked to the
firm as such, but as well to the often many projects being managed by the firm simultaneously
and over time. Hence, the interplay between the firm as the basis and the individual projects as
well as across projects is crucial for understanding and dealing with the problem of knowledge
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in construction. In his earlier work with innovation in the project-based organisations of
construction, Winch (1998) has suggested the following model for different types of knowledge
flows between the project, the firm and the surroundings of both (see Figure 2).

adoption

implementation learning

Figure 2: Knowledge flows between project and firm (Winch, 1998: 273)

The model is a reminder that the problem of knowledge must be addressed along at least three
dimensions:

- External to the firm — either horizontally in networks with like-minded people for
example within the same profession or vertically in networks across disciplines.

- In-between the individual projects and the firm.

- Within the project between the respective project participants, but external to the firms
involved in a project.

What the model however fails to acknowledge is the need to address the knowledge flows
taking place between different projects either simultaneously in time or consecutively over time.

3.3 No project is an island: Historicity and path dependency

Projects are not only vital for both new construction and refurbishment but the very organising
principle of construction firms. The uniqueness of projects is often used as an explanation for
why it is difficult to share knowledge and create change in construction. Despite the widely held
assumption of projects being both unique and isolated events, projects are not isolated islands as
Engwall (2003) points out. Instead projects are embedded in an organisational context and with
a historicity marked by previous projects, parallel courses of events and ideas about the post-
project future.

Following Engwall (2003), knowledge in projects is not isolated or necessarily unique, but is
tied up on experience from previous projects as well as project-independent factors such as
general business policies that go beyond the individual project. In this way, previous experience
and general policies creates a path dependency that sets the scene for future projects (Figure 3).
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Parallell courses of events
evolving in the context

Pre-project Technical content of

politics \—‘ ___________ :/ the project mission

Project Interior Process Dynamics

Experiences / _____ e :\ Ideas about the

from the past post-project future

Institutionalized norms, values
and routines of the context

Fig. 1. Contingencies influencing the interior process dynamics of a project.

Figure 3: Factors affecting the project's dynamics (Engwall, 2003: 805)

In most Danish policy studies there is a strong rhetoric on the project-based nature of
construction and the barriers to knowledge and change created by this very nature. However, a
range of possible interventions related to the contingencies influencing the interior process
dynamics of a project tend to be ignored. While these contingencies may be overlooked in
policy studies, some of the major Danish consulting firms and contractors now attempt to
address these in their internal training and course activities on management. But management
and learning within and across projects is only side of the knowledge problem in construction.
Another side of the problem is related to how trades and professions operate and are organised.

3.4 Learning: Communities of practice

Collaboration, knowledge-sharing and learning across the many trades and professions within
construction is notoriously challenging as have been recognised by several (see e.g. Christensen,
2008 and Thuesen, 2007). But these shared communities of practice within trades and
professions also hold strong a potential for being a part of the solution to (part of) the problem
of knowledge in construction.

Communities of practice have in recent years received considerable attention in the context of
organisational development and efforts to understand and improve knowledge and improve
learning in organisations. Wenger (1998: 4-5) defines learning as an active participation in the
practices of a community and forming of identity in relation to these communities:
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‘A social theory of learning must therefore integrate the components necessary to
characterize social participation as a process of learning and of knowing. These
components (...) include the following:

1) Meaning: a way of talking about our (changing) ability — individually and collectively
— to experience our life and the world as meaningful.

2) Practice: a way of talking about the shared historical and social resources,
frameworks, and perspectives that can sustain mutual engagement in action.

3) Community: a way of talking about the social configurations in which our enterprises
are defined as worth pursuing and our participation is recognizable as competence.

4) Identity: a way of talking about how learning changes who we are and creates
personal histories of becoming in the context of our communities.’

With regard to innovation and change management, the problem of knowledge in Danish
construction projects is not only a matter of learning new things, but also to ‘unlearn’. The
ability to discard knowledge — where appropriate — is also an important aspect of communities
of practice, although this is often overlooked.

Knowledge and learning across communities of practice like trades and professions within
construction presents challenges because of the very characteristics that are also their strengths,
i.e. the internal autonomy of the communities, their informal nature, and not least their
differences in prevalence of knowledge types.

3.5 Tacit versus explicit knowledge: Repeated shifts

Knowledge management deals with collecting, developing, distributing and applying knowledge
in organisations. One of the most important and seminal work was done by Nonaka and
Takeuchi (1995), who studied knowledge and innovation in Japanese companies and developed
the so-called SECI model. The SECI model analyses the interaction and transformations
between tacit and explicit knowledge. The SECI model points out that both forms of knowledge
are important and that the conversion between them is important (see Figure 4).

TO
Tacit knowledge Explicit knowledge
Tacit knowledge Socialization Externalization
FROM
Explicit knowledge Internalization Combination

Figure 4: The SECI model — four types of conversion of knowledge (Adapted after Nonaka &
Takeuchi, 1995: 62)
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The construction process is typically characterised by the involvement of several firms and
trades, which implies numerous and repeated shifts between tacit knowledge and explicit
knowledge. The ability to handle these shifts in order to accumulate, disseminate and apply
knowledge in practice is probably one of the construction industry’s main challenges with
regard to knowledge. As pointed out bluntly by Danish practitioners: First, the client must
articulate his tacit and more or less explicit knowledge about his needs for a new building. The
consultant then turns these into to explicit knowledge in the shape of formal documents such as
drawings and specifications. This explicit knowledge is then being adopted and adapted to tacit
knowledge, which is the primary knowledge base among the craftsmen in construction
companies. Finally, the actual building will be managed by building caretakers based on their
mix of explicit and tacit knowledge on caretaking of that particular building, and it will be
measured against the more or less tacit knowledge of the end-users of how appropriate the
services delivered by the building suits their needs.

4. Conclusions

This paper has provided a brief exploration of an extensive number of Danish policy studies and
initiatives on knowledge and learning in construction over the past two decades.

The paper then moved on to outline an analytical framework to understand knowledge and
learning within construction. This paper suggests an analytical framework that: 1) adopt a
systemic perspective on construction, 2) highlight the absorptive capacity of firms as a crucial
concept for adopting new knowledge, 3) is sensitive to the historicity and path-dependency of
the individual construction project, 4) embrace communities of practice as the key framework
for learning; and 5) manage the recurrent changes in knowledge types, notably from tacit to
explicit knowledge and vice versa.

Based on this analytical framework, this paper has in broad terms analysed how the various
Danish policy studies of the knowledge system have articulated the problem of knowledge in
construction, identified how these articulations become controlling of the corresponding
solutions, and pointed out some of the shortcomings as a result. With these insights in mind, it is
the hope that future studies and public policies will adopt a more reflexive and reflective
approach to the problem of knowledge in construction.
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Abstract

In recent years, holding a holistic view of risk management has become the trend in various
industries. In this trend, enterprise risk management (ERM) has been viewed as the fundamental
paradigm and has attracted the attention from the academics and practitioners worldwide.
Implementing ERM in construction firms is inevitably associated with organizational learning.
The objectives of this study are to (1) identify the critical hindrances to ERM in Chinese
construction firms (CCFs) and (2) analyze them in tandem with theories of organizational
learning. To achieve these objectives, a total of 36 hindrances to ERM and 12 hindrances to
organizational learning were identified through a literature review, and a questionnaire survey
was performed with 119 respondents from 119 CCFs in the global construction market. The
results indicated that 20 hindrances were deemed critical, among which “insufficient resources
(e.g. time, money, people, etc.)”, “lack of a formalized ERM process”, and “lack of internal
knowledge, skills and expertise” were the top three hindrances. In addition, the critical
hindrances to ERM were interpreted from the perspective of organizational learning, and the 12
hindrances to organizational learning were linked to the critical hindrances to ERM. This study
presents the theoretical rationale behind the critical hindrances to ERM implementation and
contributes to the literature through interpreting ERM implementation from an organizational
learning perspective.

Keywords: Risk management, organizational learning, construction firm, hindrances.
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1. Introduction

In recent years, enterprise risk management (ERM), as a holistic view of risk management, has
attracted the attention from the academics and practitioners worldwide (McGeorge and Zou,
2013). The Committee of Sponsoring Organizations of the Treadway Commission (COSO,
2004, p.2) defines ERM as “a process, effected by an entity’s board of directors, management
and other personnel, applied in strategy setting and across the enterprise, designed to identify
potential events that may affect the entity, and manage risk to be within its risk appetite, to
provide reasonable assurance regarding the achievement of entity objectives.” Because
construction businesses are inevitably afflicted with various and complex risks, construction
firms have been considered as prime candidates for ERM implementation (Zhao et al., 2013a).
Implementing ERM in construction firms can be seen as a gradual organizational change, and
Zhao et al. (2014a) interpreted ERM implementation in construction firms from the perspective
of organizational change. In addition to organizational change, organizational learning is also
necessary for ERM implementation. This is because learning is a medium for change (Alas and
Sharifi, 2002), and improves the ability to adapt to change, at both individual and organizational
levels (Garvin, 1993, Senge, 1990). Learning and change were not only parallel and
simultaneous, but are also interactive processes, as learning has a mediating role in the change
process (Lahteenméki et al., 2001). In the tumultuous environment, learning also helps to reduce
uncertainty and thus inevitably reduce resistance to change (L&hteenméki et al., 2001). Hence,
change and learning should not be isolated from each other and ERM implementation cannot be
isolated from organizational learning.

In project-based construction firms, most management staff has been familiar with and adopted
project risk management (PRM). Thus, it is necessary for the individuals who are accustomed to
PRM to learn ERM fundamentals and how to further PRM contributions to ERM. Without this
individual learning process, ERM cannot be implemented at all levels across the firm, because
individual learning is the basis of organizational learning (Senge, 1990). In addition, the existing
learning processes that support PRM can also contribute to ERM implementation, because PRM
is an integral part of ERM. The focus on learning from risks is likely to institutionalize risk
information and change PRM practices to a corporate-level approach (Dikmen et al., 2008).
Furthermore, Smallman (1996) argued that organizational learning, together with data collection
and collation as well as forecasting, comprised holistic risk management.

Implementing ERM in construction firms is not easy. Zhao et al. (2014b) reported that most of
the Chinese construction firms (CCFs) based in Singapore had low-level ERM implementation.
The low-level ERM implementation could be attributed to the influence of various hindrances
(Zhao et al., 2015). The objectives of this study are to (1) identify the critical hindrances to
ERM in CCFs in the global market; and (2) analyse these hindrances in tandem with theories of
organizational learning.
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2. Background

2.1 Hindrances to ERM implementation

Previous studies have reported that a number of factors hindered ERM implementation in
various industries. Confronted with these hindrances, firms in various industries tend to find it
difficult to fully implement ERM and the percentage of firms adopting or implementing ERM
was not high. In the construction industry, Zhao et al. (2014b) found that none Singapore-based
CCFs had high-level ERM implementation, whilst Liu et al. (2011) indicated that only 14.7% of
the leading CCFs in the global market had fully implemented ERM. In this study, hindrances
are barriers to initiating ERM and carrying out ERM along the maturity continuum, in all the
phases of ERM implementation. In the earlier phase of the larger research project, Zhao et al.
(2014a) identified a total of 36 hindrances from previous studies, as shown in Table 1.

Table 1: Hindrances to ERM implementation [Adapted from Zhao et al. (2014a)]

Code

Hindrances to ERM implementation

Code

Hindrances to ERM implementation

HO1 |Low data quality H19 |Perception that ERM interferes with business
activities
HO2 (Lack of data H20 |Inadequate training on ERM
HO3 |Insufficient resources (e.g. time, money,|H21 [Lack of an ERM business case
people, etc.)
HO04 |Lack of a formalized ERM process H22 |Lack of perceived value or benefits of ERM
HO5 [Lack of risk management techniques and|H23 [Lack of commitment of the board and senior
tools management
HO6 |Lack of internal knowledge, skills and|H24 [Not perceived as a priority by senior
expertise management
HO7 |Lack of qualified personnel to implement|H25 (Lack of board or senior management leadership
ERM
HO8 [Lack of a risk management information|H26 |The movement of the ERM champion from
system (RMIS) senior management into other areas without a
successor
HO09 [Unsupportive organizational structure H27 |Lack of consensus on benefits of ERM among
board members and senior management
H10 (Unsupportive organizational culture H28 |Other management priorities
H11 (Lack of a common risk language H29 |Lack of a clear ERM implementation plan
H12 |Lack of risk awareness within the|H30 (Inability to coordinate with other departments
organization
H13 |Confidence in the existing risk management/H31 [Lack of a set of metrics for measuring
practices performance of ERM
H14 |Existence or re-emergence of the silojH32 {Unclear ownership and responsibility for ERM

mentality

implementation
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H15 |Lack of shared understanding and approach|{H33 |Organizational turf
to risk management across departments

H16 [Lack of understanding relating to effective|H34 |Employees’ reluctance to give up power
ERM process

H17 |Perception that ERM adds to bureaucracy |H35 [People’ reluctance to share risk information

H18 |Perception that ERM increases costs and/H36 [Recession and business downturn
administration

2.2 Organizational learning

Organizational learning can be defined as “a continuous testing of experience and its
transformation into knowledge available to whole organization and relevant to their mission”
(Senge, 1990, p.6). Organizational learning stems from the knowledge acquisition of the
individuals within the organization, and progresses with the exchange and integration of this
knowledge until collective knowledge is created (Hedberg, 1981, Jerez-Gomez et al., 2005).
Although organizational learning has its roots in individual learning (Senge, 1990), it is distinct
from adding together the individual learning of the organization’s different members (Alas and
Sharifi, 2002, Hedberg, 1981).

Sfard (1998) proposed two metaphors of learning: the acquisition and participation metaphors,
which are also known as the cognitive-behavioral approach and the sociocultural (or situated)
approach, respectively (Ellstrom, 2010). From the perspective of the acquisition metaphor, the
mind is a container of knowledge, and learning is a process of filling the container and
implanting knowledge there. Knowledge is viewed as a property or capacity of an individual
mind (Paavola et al., 2004). By contrast, the participation metaphor regards learning as a
process of participation in cultural practices and shared learning activities. From this
perspective, learning cannot be separated from working and other social practices where it is
used (Brown and Duguid, 1991). In this view, learning is “situated” in these relations and
networks of activities of participation (Paavola et al., 2004). Sfard (1998) argued that both
approaches were needed. They are not simply rivals but complement each other. There is also a
third approach to organizational learning: the knowledge-creation approach. It is based on the
view that the production, transformation, and utilization of knowledge are fundamental for
understanding organizational learning (Ellstrém, 2010).

Table 2: Hindrances to organizational learning

Code [Hindrances to organizational learning Code [Hindrances to organizational learning

LO1 |Lack of leadership commitment and support |LO7 |Reluctance to accept knowledge

L02 |Lack of internal knowledge L08 |Lack of knowledge absorptive or retentive
capacity

L0O3 |Lack of organizational commitment LO9 |Lack of channels for dialogue and sharing
meaning

L04 |Lack of psychological safety L10 |Arduous relationships

LO5 |Lack of motivation L11 |Downsizing or layoff strategies

72




‘LOG ‘Reluctance to share knowledge ‘L12 ‘Unsupportive organizational culture ‘
Previous studies have identified several hindrances to organizational learning because
individuals have been trained to think and act in conflicting ways (DiBella and Nevis, 1998). As
indicated in Table 2, 12 hindrances to organizational learning are identified from previous
studies (Argyris, 1995, Atak and Erturgut, 2010, Cohen and Levinthal, 1990, Ellstrom, 2010,
Fisher and White, 2000, Garcia-Morales et al., 2006, Hayes, 2007, Husted and Michailova,
2002, Lipshitz et al., 2002, Pfeffer, 1998, Popper and Lipshitz, 2000, Senge, 1990, Shrivastava,
1983, Szulanski, 1996).

3. Method and Data Presentation

As a systematic method of collecting data based on a sample, the questionnaire survey
technique has been widely used to collect professional views in risk management research
(Deng et al., 2014, Hwang et al., 2014, Mu et al., 2014, Zhao et al., 2014c). In this study, a
questionnaire survey was performed to investigate the hindrances to ERM implementation. The
comprehensive literature review supported the development of the questionnaire. In the survey,
the respondents were asked to rate the influence of the 36 hindrances on ERM implementation
using a five-point scale (1=very insignificant, 2=insignificant, 3=neutral, 4=significant, and
5=very significant).

Table 3: Profile of respondents

Work experience [N (% Designation N |% Location N |%

5-10 years 54 145%  |Senior management 35 |29% China 35 |29%
11-15 years 25|21% |Department management (26 |22%  |Asia (w/o China) (46 (39%
16-20 years 17|14% |Project management 58 |49%  |Africa 28 |24%
21-25 years 11|9% Europe 4 3%
Over 25years |12 ]10% Latin America 6 |5%

The population consisted of all the industry practitioners with extensive experience in risk
management of CCFs in the global market. As there was no sampling frame in this survey, the
sample was a non-probability sample. The non-probability sampling plan can be used to obtain
a representative sample (Patton, 2001), and has been recognized as appropriate when the
respondents were not randomly selected from the entire population, but were rather selected
based on whether they were willing to participate in the study (Liu et al., 2016, Wilkins, 2011).
A list of senior and middle management staff of CCFs were obtained and 500 questionnaires
were sent out. A total of 119 completed questionnaires were received, representing a response
rate of 24%, which was acceptable compared with the norm of 20-30% with most questionnaire
surveys in the construction industry (Akintoye, 2000, Hwang et al., 2015). The profile of the
respondents is shown in Table 3.
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4. Results and Discussion
4.1 Ranking of hindrances to ERM implementation

In this study, the 36 hindrances were ranked based on their influence mean scores, which ranged
from 2.82 to 4.29 (see Table 4). The normalized values of the mean scores were calculated to
select the critical hindrances. This method was adopted by Xu et al. (2010), who identified the
factors with normalized values equal to or greater than 0.50 as critical factors. Thus, the
hindrances, which received the mean scores closer to the maximum mean scores, are deemed as
critical hindrances. The analysis results indicated that 20 out of the 36 hindrances obtained
normalized values above 0.50, implying that these 20 factors were critical hindrances to ERM
implementation in CCFs.

“Insufficient resources (e.g. time, money, people, etc.)” (HO3) was ranked top, suggesting that
ERM implementation in CCFs was not assigned with sufficient time, money and manpower.
The majority of time, money and people were invested into project construction, and
insufficient resources were allocated for ERM programs, signalling that these firms did not
attach adequate importance to ERM.

Table 2: Ranking of hindrances to ERM implementation

Code |Mean [Rank|Normalization |Code |Mean |[Rank|Normalization |Code|Mean Rank|Normalization|
HO1 [3.73 11 [0.62 H13 [3.42 5 [0.41 H25 [3.73 11 [0.62
H02 3.78 @ [0.65 H14 (3.24 8 .29 H26 3.18 30 [0.25
HO3 429 1  [1.00 H15 [3.54 P21 0.49 H27 [3.33 27 [0.35
HO04 391 2 0.74 H16 (3.5 3 .47 H28 3.46 24 (0.44
HO5 [3.82 8 [0.68 H17 2.82 36 [0.00 H29 3.83 |7 |0.69
HO6 39 B3 0.73 H18 (3.61 0 [0.54 H30 [3.23 29 (0.28
HO7 (387 4 0.71 H19 (3.14 31 [0.22 H31 [3.66 (16 [0.57
HO08 [3.66 (15 [0.57 H20 386 K [0.71 H32 [3.64 (18 [0.56
H09 [3.64 (18 [0.56 H21 [3.51 2 (.47 H33 3.01 32 [0.13
H10 [3.67 14 [0.58 H22 385 6 [0.70 H34 2.97 34 [0.11
H11 [3.34 6 [0.36 H23 [3.64 (18 [0.56 H35 29 35 [0.05
H12 [3.67 (14 [0.58 H24 3.71 12 (0.60 H36 2.98 33 [0.11
Normalized value = (Mean - Minimum Mean)/(Maximum Mean - Minimum Mean)

“Lack of a formalized ERM process” (HO4) received the second position. This result implied
that if there was not a formalized ERM process in a firm, the ERM implementation in this firm
would be significantly hindered because such a formalized process can serve as a guide for the
staff involved in ERM implementation. The lack of such a formalized process can make staff
misunderstand how to implementation ERM.

“Lack of internal knowledge, skills and expertise” (H06) was ranked third. This result suggested

that CCFs lacked internal knowledge, skills and expertise relating to ERM, which significantly
hindered ERM implementation in these firms. Although ERM was advocated in Chinese firms
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after the State-owned Assets Supervision and Administration Commission of the State Council
of China issued the Guidance to ERM for Central Enterprises in 2006, the CCFs still lacked
internal knowledge, skills and expertise relevant to ERM and most of the overseas subsidiaries
obtained these resources from their parent companies.

4.2 Interpretation from the organizational learning perspective

Some of the 12 hindrances to organizational learning can be used to interpret the critical
hindrances to ERM implementation. Without the senior-level commitment and support, the
learning culture would not be created; resources would not be invested into the learning and
training programs; the staff would not perceive the learning as being emphasized; and finally,
organizational learning mechanisms would not be set up and institutionalized. Thus, the critical
hindrances relating to the top management (H23-H25), the organizational culture and structure
(HO9 and H10), the resource investments (HO1-HO8, and H31), as well as the training and
understanding of ERM (H18, H20 and H22) can be linked to “lack of leadership commitment
and support” (L01) in the hindrances to organizational learning.

According to the literature, organizational learning is associated with knowledge acquisition
(Huber, 1991, Shrivastava, 1983), participation in the learning process (i.e. situated learning)
(Brown and Duguid, 1991), and knowledge creation (Bereiter, 2002, Engestrom, 1999, Nonaka,
1991). In the CCFs, ERM implementation involves knowledge acquisition from inside and
outside the firm, the participation of the relevant staff in the training programs and risk
communication, as well as the creation of knowledge from the ERM practices. Six factors (HO1,
H02, and H04-HO7) significantly hindered ERM implementation because they contributed to the
“lack of internal knowledge” (LO2) relating to ERM. Specifically, as the data are the
predecessor of information and knowledge, the lack of high-quality data can result in the lack of
internal knowledge. Also, the lack of a formalized ERM process, relevant techniques and tools
represents a low level of knowledge relating to ERM. In addition, the staff qualified to
implement ERM are likely to have the relevant knowledge, skills and expertise, and the lack of
such staff can therefore led to the lack of internal knowledge.

There should be a channel through which people share their ideas and knowledge. A risk
management information system (RMIS) can serve as a platform where the relevant staff can
communicate the risk information as well as the lessons learned in ERM implementation (Zhao
et al.,, 2013b), while training programs allow external and internal trainers to share their
experience and knowledge relating to ERM with others. Thus, “lack of a RMIS” (H08) and
“inadequate training on ERM” (H20) hindered ERM implementation because they represented
the lack of channels for sharing knowledge. As setting up such channels needs resource
investments and senior-level support, the negative influence of the four hindrances (HO3 and
H23-H25) can also be interpreted using this hindrance to organizational learning.

Even though there are channels for dialogue and sharing knowledge, the effectiveness of

knowledge acquisition depends on the individuals’ ability to absorb and retain the knowledge
(Cohen and Levinthal, 1990, Szulanski, 1996). The personnel unqualified to implement ERM
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may also lack the capacity for absorbing and retaining the knowledge relating to ERM, thus
contributing to the lack of internal knowledge, skills and expertise. Therefore, the two
hindrances (H06 and HO7) can be linked to “lack of knowledge absorptive or retentive capacity”
(LO8) in the hindrances to organizational learning. In addition, downsizing or layoff strategies
are often used when a firm faces a recession or business downturn. These strategies involve the
departure or turnover of the staff, who may be experienced and knowledgeable, and would lead
to the loss of the experience and knowledge (Fisher and White, 2000, Pfeffer, 1998). Thus, the
two hindrances (HO6 and HO7) can also be linked to “downsizing or layoff strategies” (L11) in
the hindrances to learning.

In some cases, the staff would fear that their self-interest would be threatened due to
organizational learning, thus leading to the lack of psychological safety. “Perception that ERM
increases costs and administration” (H18) is representative of “lack of psychological safety”
(LO4) because some staff may believe that the additional costs and administration threaten the
firm performance, which is associated with the bonus or interest of them. Such a
misunderstanding derives from the “lack of perceived value or benefits of ERM” (H22). Thus,
the two critical hindrances (H18 and H22) can be linked to “lack of psychological safety” (L04).

Motivation measures are necessary for organizational learning (Szulanski, 1996). As the
relevant employees need to spend time, energy and knowledge in ERM implementation, they
should be convinced that these resources can pay off. Thus, the metrics to measure ERM
performance should be developed and used. The tangible increase in firm performance can
motivate the relevant staff to actively participate in the ERM implementation. In turn, the lack
of such metrics and perceived benefits of ERM would discourage the staff from contributing to
the learning process relating to ERM, thus hindering ERM implementation.

Organizational learning can be hindered by the unsupportive organizational culture, such as the
blame culture (Hayes, 2007) and defensive routines (Argyris, 1995). Two critical hindrances
(H10 and H12) can be linked to “unsupportive organizational culture” (L12) in the hindrances to
organizational learning. As ERM implementation includes learning from the past mistakes,
errors, failures and disasters, the unsupportive culture would render these negative issues as
taboos and discourage the staff from investigating the root causes of them. Consequently, the
employees would remain confident in the existing risk management practices and not believe
that it is necessary to implement ERM, which is likely to lead to the underlying assumption that
the risks can be dealt with by the current risk management practices. Thus, the staff would not
attach adequate importance to the potential risks and lack risk awareness.

5. Conclusions

ERM implementation has been advocated in the construction industry and requires
organizational learning in firms. This study attempts to identify the critical hindrances to ERM
in CCFs and analyse these hindrances in tandem with theories of organizational learning. To
achieve these objectives, a total of 36 hindrances to ERM and 12 hindrances to organizational
learning were identified through a literature review, and a questionnaire survey was performed
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with 119 respondents from 119 CCFs in the global construction market. The results indicated
that 20 hindrances were deemed critical, among which “insufficient resources (e.g. time, money,
people, etc.)”, “lack of a formalized ERM process”, and “lack of internal knowledge, skills and
expertise” were the top three hindrances. In addition, the critical hindrances to ERM were
interpreted from the perspective of organizational learning, and the 12 hindrances to
organizational learning were linked to the critical hindrances to ERM.

Despite the achievement of the objectives, there are limitations to the conclusions. Firstly, the
identification of the hindrances to ERM may not be exhaustive. Additionally, as the survey was
performed with the CCFs, one should be cautions when the results are interpreted and
generalized in other firms. Nonetheless, the implication of this study is not limited to the CCFs
because the theoretical rational behind the critical hindrances can be used to interpret the
hindrances in other construction firms. In addition, this study contributes to the literature
through interpreting ERM implementation from an organizational learning perspective.

Future studies would investigate the interaction mechanisms among the hindrances to ERM
implementation, and identify the influence paths comprised by some of these factors. The
theoretical rational behind these mechanisms and paths would be found in organizational
learning theories, and a set of best practices, which help the management to handle the influence
of these factors and pursue the benefits of ERM, would be proposed based on the interaction
mechanisms and influence paths.
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Abstract

Given the enormous social and environmental impacts of construction lifecycle, organizations
in the construction supply chain realise the need to implement social responsibility (SR) in their
construction projects. Different project stakeholders have different understandings towards SR
and they display different capabilities of setting forth initiatives, of calling for supports, and of
achieving outcomes. This research aims to investigate the stakeholders' interests and power on
SR implementation in construction projects and thus discover the invisible gaps between the
stakeholders' concerns and influences. A total of 35 SR Issues (SRIs) categorized into seven
themes were identified from construction lifecycles perspective. A questionnaire survey was
subsequently conducted among the construction practitioners in Hong Kong to investigate the
stakeholders' interest and power on these 35 SRIs. Paired t-test and descriptive statistical
analysis were adopted to reveal the gaps between stakeholders’ interest and power. This study
could provide enlightenments to project stakeholders for them to identify the SRIs that they
have power on; however, with inadequate commitment to implement. Suggestions can also be
made for construction organizations, including main contractor, developer, government, and
consultants, to distribute their finite resources optimally to implement SR in construction
projects.

Keywords: Social Responsibility, Project stakeholder, Construction project management,
Project social performance, Sustainability

81


mailto:bsqpshen@polyu.edu.hk

1. Introduction

Construction organizations are facing unprecedented pressures and challenges in performing
their social responsibility (SR) because of the social and environmental impacts caused by their
construction activities (Othman, 2009). According to the report of UNEP-SBCI (2014), the
entire lifecycle of buildings consume one-third of the worlds’ energy, accounting for 30%—-40%
of the worlds’ greenhouse gas emissions, 40% of the world’s resources, and 12% of global
water use. Construction in general also has a poor reputation in terms of ethical issues (Ho 2010,
Ho 2011, Oladinrin and Ho 2014), being widely regarded as a sector rife with corruption and
bribery (Moodley, Smith et al. 2008). In order to improve the notorious reputation of the
industry, there is a need for attentions on the implementation of SR practices in construction
projects.

SR Issues (SRIs) in construction projects focus on diverse aspects, such as health and safe
working conditions, sustainability, environment, community development, and philanthropy.
Given the uneven allocation of social resources and public attention, SRIs are attended to in
different degrees. Organizations tend to engage in the high-profile SR programs to reinforce
their reputational competitiveness on the market (Broomhill 2007). Owing to the Matthew
effect, these issues would temporarily become the flavour of the mouth, whereas some
important issues may be ignored or may receive inadequate attention. Investigating on the
emphasized and the neglected SRIs are highly important in making appropriate SR strategies in
the future.

With regard to the various SRIs, different project stakeholders focus on different priorities
(Jonker and Nijhof 2006). Stakeholders from public and private sectors should take
accountability for the overall project social performance (Shen, Hao et al. 2010). They engage
in different ways to initiate, support, enforce, and supervise the implementation of SRIs. Given
their different standings and available resources, project stakeholders tend to have their own
understanding towards SR and display different abilities to accomplish their initiatives.
However, what stakeholders are interested in may not always be what they are most capable of.
In addition, SRIs would only be successful if powerful stakeholders utilize their power and exert
their influences strategically (Prado-Lorenzo, Gallego-Alvarez et al. 2009). Stakeholders thus
need to realize where their power lies so that they can distribute their resources optimally to
maximize their overall social performance.

Although SR has been extensively studied, limited attentions have been devoted on the
implementation of SR in the context of construction projects (Zeng, Ma et al. 2015). In addition,
the stakeholders’ interest and power on SRIs has never been compared. In this paper, we tried to
answer the following questions. What are the most pressing SRIs in construction industry at
present? What SRIs should be prioritized in the future SR policy? Does any gap between
stakeholders’ interest and power exist? How could stakeholders strategically engage in different
SRIs? This study intends to find the answers to these questions through an empirical research
conducted among Hong Kong construction practitioners to investigate the current situations of
project stakeholders’ interest and power.
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2. Literature Review
2.1 SR in construction projects

SR was introduced as self-regulatory initiatives for businesses for the benefit of the wider
society (Sheehy, 2014), and SR has recently received extensive attention from the academic and
industrial communities (Schultz et al., 2013). Whether SR is profit-oriented or society- oriented
or whether SR is voluntary or compulsory in nature are not the most crucial problem to be
solved; SR could be a continuum between two extremes and consistently shifting along with the
changing social requirements (Bhimani and Soonawalla 2005, Pirsch, Gupta et al. 2007). Taking
SR as a contemporary moral standard for the proper conduct of business, responding to social
problems should also be embedded as one of the purposes in the pluralistic organizational
objectives (Enderle 2006).

Construction activities are associated with vast social and environmental problems, including
construction wastes, noise pollution, eco-disturbance, severe working conditions, resources
exploitation, and corruption and bribe (Moodley, Smith et al. 2008, Barthorpe 2010).
Construction projects provide opportunities and potentials to different stakeholders. Many
stakeholders (e.g. the companies along the construction supply chain, construction practitioners,
end users, and societies, etc.) benefit from construction development while the construction
activities exploited substantial natural resources and bring harms to environment and
communities. There is a voice that stakeholders alongside enjoy their benefits but also owe
similar amount of responsibility. Although SR has become popular among scholars and
industrial leaders, few studies have investigated SR in the context of construction industry and
is particularly rare in construction project environment (Zeng, Ma et al. 2015). Several studies
through archival analysis and interviews that were conducted in some developed countries have
shown that some large construction companies have realized the significance of SR and have
agreed with the necessity of embracing moral commitments to the society (Petrovic Lazarevic
2008). However, the implementation of SR practices and programs are ineffective and
inefficient because of the diverse and fragmented nature of the construction industry (Jones,
Comfort et al. 2006). Looking from the perspective of the stakeholders, this research assesses
the different concerns and powers stakeholders have on SRIs; thus, this study would facilitate
SR implementation in construction projects.

2.2 Stakeholders’ interest and power

Construction projects usually involve numerous stakeholders and even hundreds of
organizations and individuals that can affect or be affected by these projects, and the
stakeholders have different interest and demands throughout the whole project lifecycle
(Packendorff 1995, Aaltonen and Kujala 2010). An investigation on the stakeholder’ interest on
infrastructure projects shows that conflicts and contradictions are inevitable among different
stakeholders (Li, et al. 2012). This conclusion also applies on stakeholders’ preferences on SR.
Lindgreen, et al. (2009) investigated the American organizations and found that these
organization place varying emphasis on SR. Likewise, Zeng, et al. (2015) proposed a project SR
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framework for major infrastructures, demonstrating that project stakeholders should display
different spectra of SR in different phases of their projects.

Obviously, not every stakeholder exhibits the same capabilities to attend to SRIs in construction
projects. The stakeholders’ power has been discussed for decades as an important dimension of
stakeholder salience in the three-attribute model of Mitchell, et al. (1997). Some stakeholders
with claims or interest may not possess the corresponding power to influence (Mitchell, et al.
1997). By contrast, some powerful stakeholders who exhibit superior ability to initiate some
SRIs may not be enthusiastic in delivering these capabilities. Regardless of their intentions and
preferences, powerful social actors are supposed to bear the corresponding responsibilities
according to the fundamental principle; otherwise, they shall lose their power in return (Davis
1967, Enderle 2006). Therefore, the stakeholders being aware of their power and responsibility
is crucial so that they can use these capabilities to influence the implementation of SR agenda in
construction projects.

Analysis of the stakeholders’ interest and power is an important task in stakeholder management
(Polonsky 1996, Polonsky and Scott 2005). However, the analysis was made from the
perspective of the focal company, and the result serves as the basis in devising the
corresponding stakeholder strategies (Friedman and Mason 2004, Eesley and Lenox 2006). The
mechanism by which the stakeholders’ interest and power are distributed on different SRIs and
whether there are any gaps between stakeholders’ interest and power on SRIs exist remain to be
elucidated.

3. Methods

To ensure the content validity of the survey, we identified the SRIs through archival analysis
and expert screening. First, a pool of 80 SRIs specifically related to construction lifecycle
practices were extracted through archival analysis. The sources included academic literature
(journal articles published from 1970 to 2015 and were searched in Google scholar using the
keywords CSR, sustainability, business ethics, construction, building sector), corporate reports
(annual CSR/ sustainability report for the last five years of top construction companies,
including Bechtel, The Turner Corp, AECOM, Kiewit Corp, Gammon, and Leighton), CSR
standards, guidelines, and initiatives of international organizations (publications from GRI, ISO,
Oxfam, UNEP, and WBCSD). Second, we invited 20 experts of project management experts to
eliminate the SRIs that they consider unimportant or reduplicative, in order to come up with a
shorter list of SRIs to be used in designing a questionnaire. This process was conducted using
the Delphi method; after three rounds of anonymous questionnaire, a list containing 35 SRIs
was finalized with the under 20% contradiction. The list covered the whole project lifecycle,
including the three construction phases, namely, pre-construction, construction, and post-
construction stages. In each stage, the SRIs were classified under seven CSR subjects in
accordance with the ISO 26000 (SR Guidance). These subjects were 1) organizational
government (OG); 2) human rights (HR); 3) labor protection (LP); 4) environment (En); 5) fair
operation (FO); 6) customer issues (CI); and 7) community involvement and development (Co).
During the screening, the major related stakeholders were also required to be nominated by the
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experts. A total of seven major contractors were identified, namely, main contractor (MC),
developer (DV), end user (EU), government (GV), consultants (CS), NGOs, and district
councils. Using these 35 SRIs and 7 related stakeholders, the questionnaire for this study was
built in the form of a matrix, with the 35 SRIs as the row titles and the 7 stakeholders as the
column titles. In the matrix blanks, the respondents would be asked to evaluate their interest and
perceptions of the 7 stakeholders’ influence on each SRI using a 5-point scale. The word
“influence” was used instead of “power” because of their similarity in daily usage and the
negative connotation of the word “power” (Brass and Burkhardt 1993). The questionnaire aims
to determine the respondent organizations’ subjective interest and to objectively evaluate the 7
main stakeholders’ power on the 35 SRIs.

For the pilot study, three versions of the questionnaire (English, Traditional Chinese, and
Simplified Chinese) were delivered to small groups of people who use the corresponding
language. A formal survey was subsequently conducted on 120 practitioners invited from
different stakeholders from the construction industry in HK. Considering the complexity of the
questionnaire, the survey was conducted in a paper-based method. Assistance was provided in
case the respondents have any queries or confusions. Finally, 89 valid questionnaires were
collected (valid response rate 74%). The respondents are categorized mainly into four groups of
stakeholder: MC companies (n = 35), DV companies (n = 11), GV departments (n = 6), CS
companies (n = 20), and the rest are categorized as others, which include EU, investors, NGOs,
sub-contractors (n = 17).

The data on all 35 SRIs were first analyzed as a whole. Considering the disproportion of the
sample in this survey, the data was required to be reweighted to reduce the over- or under -
representation of the stakeholder groups before calculating the average for the holistic analysis.
The average stakeholders’ interest and power on the 35 SRIs were compared based on the
reweighted data. Second, the entire sample was divided into four subgroups according to
stakeholder grouping (MC, DV, GV, and CS). In each subgroup, paired t-test was adopted to
test the differences between the stakeholders’ interest and power. Paired t-test is frequently used
to test the significant difference between two observations in a group of subjects (Hsu and
Lachenbruch 2007). Furthermore, to illustrate the details of the interest-power gaps for each
stakeholder group, the interest-power profile in seven subjects and the interest-power
fluctuations throughout the project lifecycle stages were shown for detailed comparative
analysis.

4. Results and Discussion
4.1 Overall gaps between interest and power in all stakeholders
In Figure 1, the stakeholders’ average interest is generally higher than the average power,
indicating the stakeholders’ positive commitments to SR, although the lack of adequate power
to launch their initiatives is one of their obstructions. The stakeholders’ interest on 35 SRIs

reveals that much attention has obviously been devoted on LP issues and some of En issues and
ClI, whereas limited attention was devoted on OG and Co issues. This result corroborate with
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that of an investigation on UK construction companies, where health/safety and environmental
issues are currently the hotspot SRIs, whereas less concern are devoted on community and
governance (Jones, Comfort et al. 2006). The disparities between interest and power vary
significantly among the seven subjects of SR. The SRIs on LP, FO, and CI have the significant
gaps between higher interest and lower power. The result is reasonable because HK government

—4—Average interest ~—8— Average power

0G Disclosure of impacts
Co Rehabilitation of community 4.100 OG Stakeholder platform
Co Protection for locals OG Stakeholders regular meeting

Co No disturbance on locals 3900 0G Sustainability monitor and report

Co Local suppliers HR Human right policies

Co Community development plan HR Protections of migrant workers

Co Relocation and compensation HR Anti-discrimination

Cl User consulting LP Health and safety plans

Cl In-door environment LP H&S protections in construction

CI Customer participation LP H&S culture promotion

FO Transparent climate LP H&S protections in demolition

FO Anti-corruption in construction LP Resettlement for employees

FO Project codes of conducts En Eco-friendly land use

FO Transparent bidding procedures En Environmental feasibility

En Non-polluting demolition En Environmental design

En Green culture En Habitat protection

En Green facilities training En Waste control
En Environmental management system En Green procurement

Figure 1: Overall gaps between stakeholders’ interest and power

put construction health and safety as the top focus of industrial legislation. Moreover, HK is one
of the leading transparent markets in the world (ranked 17th out of 175 countries in corruption
perception index in 2014). This finding show that the legislation of local government highly
influence the businesses’ emphasis on SR. The SRIs that stakeholders’ interest is higher than
their power (LP, FO, CI, and part of En) are beyond the ability of any single stakeholders and
require the communications and collaborations among multiple project parties from public and
private sectors (Bendell, Collins et al. 2010, Savage, Bunn et al. 2010). By contrast,
stakeholders have more power compared with their interest on HR, and part of OG and Co.
More concerns and resources should be invested on these issues because these are within their
current capabilities; however, these issues are neglected by stakeholders due to some reasons,
such as disclosure of project impacts on the environment or society (OG), HR and protections of
migrant workers (HR), and relocations and preparing community development plans (Co).

4.2 Main contractors (MCs)’ interest and power on SRIs
The MCs are one of the core project team members, and they take charge of the most essential

processes in the project lifecycle. Most SRIs in construction projects will not be successful
without the effective engagement of the MCs. The result of the paired t-test on the MC
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subgroup (Table 1) shows that the mean of MCs’ interest is not significantly different from the
mean of their power (t = —1.409, p = 0.159). This finding indicates that the MCs’ preferences on
SRIs and self-perceptions of power are approximately consistent. MCs’ power is slightly higher
(mean = —0.05934) but not statistically significant. Figure 2 shows that the MCs’ power is
superior over their concern levels mainly in the dimensions of Cl and FO issues. In the project
lifecycle, the MCs’ interest-power difference is largest in the construction phase than in the
undifferentiated beginning and end phases. Moreover, MCs show superior power on LP issues
and in the project construction phase. Thus, the occupational health and safety protections
issues, especially the on-site protection and safety measures, should be mainly dominated by the
MCs. In addition, the SR initiatives of the MCs are more effectively implemented during the
construction phase, that is, when they are more powerful to coordinate resources and obtain
support from other stakeholders.

Table 1: Paired t-test result of MCs’ sub-group

Paired Differences
95% Confidence Sig. (2-
Mean Std. Std. Error Interval of the t df tagillle d)
Deviation Mean Difference
Lower Upper
MCinterest -05934| 127029  .04211| -14198|  .02330| -1.409| 909 159
MCpower
4.500 i 39
1.000 3.7
Co HR
3.5
33
=—4—MC’s interest
3.1 —8—MC's power

CI LP

FO En

pre-construciton construction  post-construction

Figure 2: MCs’ interest-power in the seven subjects and in the three project lifecycle stages
4.3 Developers (DVs)’ interest and power on SRIs

The DVs generally play a powerful role in construction projects because they can directly raise
their demands in bidding documents or contracts, as well as the social requirements of the
construction outcomes. The paired t-test shows that the DVSs’ interest and power are
significantly different (t = —2.709, p = 0.007) (Table 2), indicating that the mean of DVs’ power
is significantly higher by 0.14063 than the mean of the DVs’ interest. This difference shows that
the DVs still exhibit the potential of fulfilling their responsibilities on some issues where they
may not be recognized as important. Further comparison of the seven subjects were made and
the result (Fig. 3) reveals that the DVs possess more power but devoted less interest in the SRIs
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on Co. Moreover, Co issues have attracted vast attentions in the SR agenda, especially in mining
industry (Jenkins and Yakovleva 2006). The major DV in mining industry have exerted much
effort to obtain social license to operate in local communities. However, data has revealed that
community issues apparently difficultly attract DVs’ attention in the construction industry. On
this point, construction DVs should recognize their capabilities in community issues, devote
themselves in developing local facilities, care for local residents, and contribute to local
employments. In terms of the project lifecycle, DVs’ power is highest in the pre-construction
stage, exceeding the interest in the same period. By contrast, DVs’ power drops to the lowest
point in the construction stage and power is considerably lower than the interest. Considering
that the DVs’ interest continuously rises but the power dramatically decreases after the
construction began, DVs should make comprehensive SR plans in project inception and design
stage and presents all the plans before construction starts.

Table 2: Paired t-test result of DVs’ sub-group

Paired Differences
95% Confidence Interval Sig. (2-
Mean S.td'. Std. Error of the Difference t df tailed)
Deviation Mean
Lower Upper
DVinterest -
DVpower 14063 1.01735 .05192 -.24270 -03855| -2.709( 383 .007

oG 3.900
4.100

3.900

3.800

3.700 /
3.600 —4—DV's interest
——DV's power

3.500

CI

3.400

FO En
3.300 T T
Pre-construction construction Post-construction

Figure 3: DVs’ interest-power in the seven subjects and in the three project lifecycle stages
4.4 Governments (GVs)' interest and power on SRIs

The GV departments set the baseline for the SR of projects; therefore, their power is
undoubtedly high. However, whether GVs’ interest to set forth to higher level of SR legislation,
or encourage SR implementation, is in the same level with their power is questionable. Table 3
demonstrates that there exists a significant difference between the GVs’ interest and power (t =
—5.224, p = 0.000). The mean of GVs’ power is higher by 0.33333 than the GVS’ interest,
indicating that in HK, GVs’ attentions on SR in construction projects are not considerably
sufficient. This phenomenon is possibly caused by the uneven distribution of funds among the
different departments, as well as the current strategies of the construction authorities. This lack
of attention on SR legislation possibly results in the lagging development of construction market

88



in HK. Among the seven subjects (Fig. 4), the GVs’ power-interest gap is most distinctive in the
HR dimension, suggesting that the attention the HK GVs’ is paying on HR issues are inadequate
in view of its social development level. In addition, the government should further endeavor to
devise HR policies that are beneficial to the minorities and that eliminate discrimination in
construction projects. Similar to DVs, the GVs exhibit the highest power in pre-construction
stage, and this power remains considerably high in the whole lifecycle. However, the GVs’
interest on SRIs is relatively low and reaches its lowest level in the construction stage.

Table 3 Paired t-test result of GVs’ sub-group

Paired Differences
95% Confidence Sig. (2-
Mean Std. Std. Error Interval of the t df tagillle d)
Deviation Mean Difference
Lower Upper
GVinterest - | _ 33333 92459 06380| -45911|  -20755| -5.224| 209 000
GVpower
4.200
4.100 '\._____u
4,000
3.900 -
—#—GV's interest
3.800 —8—GV's power

3.700

3.600

3.500

Pre-construction Construction Post-construction

Figure 4: GVs’ interest- power in the seven subjects and in the three project lifecycle stages
4.5 Consultants (CSs)’ interest and power on SRIs

Significant gap is also detected (Table 4) between the CSs’ interest and power (t = 5.044, p =
0.000). However, the opposite pattern of difference is observed; the interest is greater by an
average of 0.25215 than the power, implying that the CSs are more proactive and aggressive on
SRIs in the construction industry. CSs possess the most advanced knowledge or techniques in
improving project social performance and their attitude toward SRIs are relatively positive.
However, given that CSs are normally under the command of their clients, implementing their
SR plans without the DVs’ supports is difficult, although CSs could provide socially responsible
alternatives for DVs to decide, such as greener or more resource efficient design, stakeholder
communication scheme, and community development plans. This interest over power is
observed in all of the seven subjects, especially in the Cl and FO dimensions (Fig.5). To
effectively achieve the SR goals, CSs must actively align with more powerful stakeholders, such
as DVs and MCs, to initiate and implement the SRIs. Figure 5 also shows that the gaps between
CSs’ interest and power increases along with the progress of the project. This finding implies
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that it becomes more difficult for CSs to implement their SRIs if they did not bring them up
before the construction began.

Table 4 Paired t-test result of CSs’ sub-group

Paired Differences
95% Confidence Sig. (2-
Mean Std. Std. Error Inte_rval of the t df ta Ile d)
Deviation Mean Difference
Lower Upper
gg'”te“ﬂ | 25215 132064| 04999 .15401| 35020 5.044| 697 000
power

oG

3.500
3.400
3.300
3.200
3.100 —+—CS's interest:

== CS's power
=E E\ﬂ\‘
3.000

2.900

Cl

2.800

2.700
Pre-construction Construction Post-construction

Figure 5: CSs’ interest- power in the seven subjects and in the three project lifecycle stages
5. Conclusions

The comparison between stakeholders’ interest and power revealed that some SRIs (labor
protection, fair operation, customer issues, and environmental issues) are in greatest need of
stakeholders’ collaborations and joint efforts for their successful implementation. Some issues,
including re-allocation and compensation of local residents, development plan for community,
and disclosure of the social and environmental impacts of projects, call for more attention from
project stakeholders. Main contractors, as key members of project teams, know the SRIs that
they have power on. They have power to implement labor protection issues, including
employees’ health and safety in different project stages. In addition, main contractors should
take advantage of their prevalent status in the construction stage to implement their SR
initiatives at the right time. Compared with the exclusive power that developers have in
presenting SR demands in project scope, developers showed inadequate interests on
implementing SRIs. And this lack of interest phenomenon implies that the construction
developers have the ability to set forth community development plans and community
protection issues but do not have enough motivations to implement them. Moreover, although
developers are influential, their status is only superior before construction begins. Government
departments should lead the implementation of SRIs in construction projects; however, they
have insufficient interest on most SRIs, particularly during construction stage. By contrast,
consultants are more disposed on performing SR, even though they lack in power. It suggests
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that consultants should begin reinforcing their controls on SRIs by aligning with the powerful
stakeholders (e.g. governments or developers).

Understanding the stakeholders’ interest and power can reveal the implications of the
distribution of responsibilities of SRIs in construction projects. Interest implies the
stakeholders’ intentions and goals on SR, whereas power is the responsibility that they are
expected to assume. The result of this study will not only serve as guidance to project managers
in engaging powerful stakeholders on SRIs implementation, but also as decision supports for
construction organizations to strategically allocate their finite resources on the SRIs that they
have superior power on. This investigation has also shed light on the SRIs that are currently
neglected by powerful stakeholders; these SRIs call for future concerns and investments.
However, the sample size should be increased and balanced among the stakeholder groups to
make the result more representative. Considering that this questionnaire survey is devised in the
context of HK construction industry only, the results can be hardly utilized in other regions
because the results may vary under different social background.
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Abstract

The ambition of this conceptual paper is to better understand the fundaments upon which
sustainability can be achieved within the context of the construction sector today. The most
common methodological approaches to achieving sustainability seem to be based on the
presumption that an ever increased refinement of assessment tools of different sorts, — such as
LCA, LCC, C/B-analysis, etc. — will eventually provide sufficient for assuring the sustainability
of project based ventures. In this paper we argue that the implementation and refinement of
such tools cannot be said to secure sustainability of projects given their inherent limitations.

The base premise of the research is that control systems typically function well for promoting
organizational or individual behaviour to attain project objectives. They are equally essential in
most forecasting and anticipation of events that can lead to undesirable consequences in a
project. No control system, however, how detailed and effectively implemented it might be, can
foresee every eventuality or unanticipated circumstances. Literature shows that assuring
sustainability is highly dependent on proper risk control, predictability, framework conditions,
and long term assessments. These are all factors that not easily fall in line with the above
mentioned systems. Thus, if sustainability is to be achieved through projects, control systems
etc. will not suffice to assure sustainability.

The big question is then what is to replace such control systems. The idea of this paper is to
explore the insights from classical virtue ethics — in the tradition from Aristotle — to articulate
an alternative path to achieving sustainability than through ever more rigorous control systems.
The central notion here is the one of character, most notably the character of the project
manager. Projects are realised by project teams under the leadership of a project manager.
Enabling the project manager to cope with the eventualities threatening the sustainability of the
project thus becomes essential. There is a crucial need for enabling future sustainable project
managers to handle this kind of tasks.

Keywords: ethics, sustainability, virtue, education
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1. Introduction

This paper outlines an understanding of what the contemporary understanding of sustainability
can gain from insights from so-called virtue ethics in the tradition from Aristotle (2009). This is
carried out as part of a more general enquiry within the field of the ethics of the Norwegian
AEC (Architecture, Engineering and Construction) industry. The ambition is seeing the concept
of sustainability as lying in so to say the keel water of that of ethics, the first being a translation
of terms to make practical morality operational within the engineering disciplines.

The importance of increasing the awareness among engineering practitioners concerning themes
covered both by sustainability and ethics seems crucial to attaining what Mirsky and
Schaufelberger (2014) maintain as the most important topic to the future of the AEC industry,
notably “honourable, professional practice” (Mirsky and Schaufelberger, 2014). More recently,
different industries and trades have witnessed an increasing interest in the field of applied ethics
in general and in professional ethics in particular (Christoffersen, 2011). Different professions
establish rules and regulations, such as medical doctors, teachers, social workers etc., and the
number of publications is ever increasing. The authors of this paper have so far not seen this
trend reflected strongly in publications concerning the AEC industry in general, or in actual
industry agreements in Norway. Notable exceptions from this general statement include the
writings of Bown et al. (2007), Brochner (2009), Corvellec and Macheridis (2010), Fellows et
al. (2004), Hill et al. (2013), Ray et al. (1999)).

Considering that the AEC industry in general and in Norway in particular typically receives
attention as an industry of doubtful virtue, 1) where neither the police, the tax authorities nor the
professional organisations fully master the challenges posed by professional practice (Andersen
et al., 2014); 2) where the inherent complexity in itself opens the opportunity for suspicious
dealings (Gunduz and Onder, 2012); 3) where fraudulent business practices undermine the
reputation of the industry (Slettebge et al., 2003); and 4) that lacks a clear vision based on a
fortified ethical foundation (Wolstenholme et al., 2009), we find this strange. As Hill et al.
(2013) comments, there is probably no simple solution, no “quick fix”, to the challenges of
ethical nature that the industry faces. Tackling such challenges necessitates, it seems, both
insight and endeavour. The notion of sustainability seems to be one key to addressing such
problems within the AEC-industry at large.

The concept of sustainability, however, is multifaceted, and is used in different manners within
different contexts. As Gomis et al. (2011, 174) point out, ‘sustainable business’, ‘sustainable
technology’, ‘sustainable agriculture’, ‘sustainable economics’, etc. are all buzzwords of the
literature today. According to Adams (2006), ‘[a]nalysts agree that one reason for the
widespread acceptance of the idea of sustainable development is precisely [its] looseness. It can
be used to cover very divergent ideas [...]. The concept is holistic, attractive, elastic but
imprecise’ (2006, 3). This differentiated use has in fact, according to Marshall and Toffel,
‘nearly rendered the term sustainability meaningless’ (2005, 673). Those venturing into the
literature will in fact find a breath-taking number of different understandings and definitions. In
his non-conclusive going-through, Hasna (2010) lists 67 definitions.
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Despite the apparent imprecision concerning the comprehension of the notion, a certain general
agreement does nonetheless seem to exist. As Adams points out, the ‘core of mainstream
sustainability thinking has become the idea of three dimensions, environmental, social and
economic sustainability’ (2006, 2). Sustainability can be analysed with different aspects in
mind, but the three dimensions can be used to categorise the identified sustainability factors or
elements (Flores et al. 2008). For a discussion of the comprehension of the three pillars, their
balancing act, and the different analytic levels according to which it seems necessary to
implement them successfully, we refer to Haavaldsen et al. (2014).

It is easy to despair when faced with such seemingly impossible matters of precise knowledge
and definition. If turning the question around, however, it takes another colour. If — rather than
looking at the definitions, different understandings etc. of the phenomenon — we examine the
reason for the term surfacing, the picture alters.

1.1 Sustainability and ethics

When examining the use of the sustainability, there seems to be a strong linkage between the
concepts of sustainability and of ethics. A main ambition of this work is to outline what
implications this linkage can entail, notably concerning the difference between rules and virtue-
based approaches.

Ethics is commonly perceived to be the science that investigates what one ought to do. Moral,
on the other hand, is typically considered as the practical mechanisms through which such
behaviour is judged. In particular based on the common etymological roots of the two concepts,
we in the following consider them as fairly synonymous, basing the exposé on the first of the
two.

At a very general level, one main cleavage within the field of ethics can be found between so-
called rule-based and virtue-based approaches (we do not here say that all ethical theories fall
within a scope that is relevant for this distinction, solely that these occupy a primordial place in
the field of ethics). What we here call rule-based covers in fact a variety of theories that are
hugely diverse, the most influential today are probably deontology (in the tradition from Kant)
and different forms of utilitarianism (such as presented by Mill, 2002). This distinction has been
masterfully been described by Anscombe (1997).

What brings together these major intellectual currents is that they proclaim that action ought to
be justified and considered ethical or not according to a rule of some sort. For Kant, this rule
was formulated in the so-called categorical imperative. For the utilitarist, the idea of the greatest
good for the greatest number of people tends to be the rule according to which one is to act in
the world.

Virtue-based ethics, on the other hand, takes a different stance to the question of judging what is

ethically estimable. Rather than focussing on abstract principles from which rules of conduct
can be determined, virtue ethics in the tradition from Aristotle focuses on what it calls the
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character of the actor. The question haunting fourth century BC Athens — how can one assure
that the inhabitants of the republic act in an ethically sound manner — in fact resonates deeply
within today’s societies in general — and within the professions that form the AEC-industry in
particular. This character is typically sought developed using examples, to expose what is
ethically good and blameworthy behaviour. To put this in contemporary engineering language,
we can say that deductive top-down rules based approaches of the rule-based ethical systems are
replaced by an inductive bottom-up approach in virtue-based approaches.

1.2 Rule-based vs. virtue-based understanding of sustainability

If then, we propose that the concept of sustainability ought to be understood as following
closely that of ethics, it should follow that the cleavage between rule-based and virtue-based
approaches should be as crucial within the context of sustainability as within that of ethics.

To undertake conceptually the implications this insight, however, seem to be rarely treated in
the literature, and, to take the consequences of this into actual practice seems even further from
the main research agenda, as we perceive it. Some notable exceptions exist; see for instance
Helgadottir (2008) for an example of an analysis inspired by Aristotelianism.

In order to address this general challenge, we address the following research questions:

1.) What are the main challenges to sustainable practice within the Norwegian construction
industry today?
2.) What measures can be identified as reasonable to address these challenges?

Questions of this type are inherently difficult to examine from an empirical perspective. They
are of a principal nature, meaning that their essence tend to slip from empirical investigations.
Therefore, we in the following address these questions in a conceptual manner, illustrated with
some general reflection upon general frameworks. The main point is to outline what — from both
theoretical and practical perspectives (as understood by the authors of this paper) — can be
identified as the main challenges to sustainable practices within the AEC-industry.

2. Methodological approach

The methodological approach constituting the research behind this paper is threefold in nature.
First, a literature study was carried out in accordance with the procedures described by
Blumberg (2011). A documentation study was conducted in order to provide an overview over
the approaches chosen among 25 major actors within the Norwegian AEC-industry, notably an
examination of their ethical frameworks. The reason for selecting the large companies was an
anticipation of that they want to be in the forefront and show the way for smaller companies.
The ten contractors was selected from top of the 2015 top 100-list (based on annual turnover) of
the magazine Byggeindustrien (http://www.bygg.no/100-storste). The authors picked the five
public owners based on their general knowledge of the Norwegian construction industry. The
private owners are more randomly selected, but the selection criteria included visibility in the
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public debate of social affairs, membership in Grgnn byggallianse [Green Building Alliance]
and/or have recently developed projects that received BREEAM-NOR certificates for the design
phase and/or completion. The engineers were the five most popular on the 2015 career
barometer, a result from a survey among approximately 8000 students initiated by a private
media house (http://www.karrierestart.no). All the examined companies describe their code of
ethics on their web pages, but a few did not publish them there. Finally, we examined the so-
called millennium goal of the UN in order to see what this general framework could imply for
the understanding of the broad picture.

3. Findings — How actors actually address the challenges?

As Haavaldsen et al. (2014) outline, sustainability can be understood at several analytic levels,
and according to several perspectives. In the following, we examine two approaches we
perceive to be situated at a strategic level, notably the ethical frameworks of 25 major
companies from the industry (national level) and the millennium goals of the UN (international
level). These approaches differ in that the overall approach of the ethical frameworks to the
subject matter is a relatively hard ruled-based approach; whilst the millennium goals stress a
rather fluid approach open to interpretation. As we shall see, challenges of different natures
follow each of these two main approaches.

3.1 Codes of conduct interpreted as intended to sanitise the AEC-
industry nationally

Most major companies within the Norwegian AEC-industry have ethical guidelines or codes of
conduct, the distinction between which is somewhat blurred. What is of interest in this context,
is that they all ambition to codify the behavioural stance of members of the company. Ethical
codes are adopted by organizations to assist members in understanding the difference between
'right’ and 'wrong' and in applying that understanding to their decisions.

On their webpages, the public owners appear as engaged in ethical issues because of their own
descriptions of their Code of ethics. According to their own descriptions, their Code of ethics
consist of several layers, with for example guidelines for contact with property owners, ethical
guidelines for suppliers etc. Despite their engagement, only one public owner has made the
Code of ethics available through the webpage. One approach to increase transparency — as
public owners should — would be to make the code of ethics easily accessible for all
stakeholders. Two of the contractors have not published their Code of ethics at their webpages.

Private owners seem — at least on their webpages — to be concerned with ethics and ethical
guidelines. Two private owners that form part of a larger mother organisation with international
activities have extensive guidelines that reach for standards above the minimum legal
requirements. Two private owners are mainly operating in the Norwegian property market, and
their Codes of conduct describe the distinction between legal and illegal, but not the distinction
between ethical and unethical. One of the private owners has not established an own Code of
conduct, but is planning to do so within short time.
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Among the engineers, four have published their Code of ethics on their webpages. The
guidelines seem to have general formulations. The fifth one, which has not published their
guidelines, describe on their webpage a procedure where their employees have to sign that they
have read and understood the meaning of the Code of ethics. A scrutiny of these codes reveals a
surprising level of divergence, as table 1 shows.

Table 1: Ethical codes of 10 contractors, 5 public owners, 5 private owners and 5 engineers
within the Norwegian AEC-industry

Organisation Distinction Distinction Accessible onweb | Number of text
between between pages
legal/illegal ethical/unethical

Contractor 1 Yes Yes Yes 22
Contractor 2 Yes Yes Yes 10
Contractor 3 n/a n/a No n/a
Contractor 4 n/a n/a No n/a
Contractor 5 Yes No Yes 15
Contractor 6 Yes No Yes 2
Contractor 7 Yes No Yes 9
Contractor 8 Yes No Yes 1
Contractor 9 Yes No Yes 3
Contractor 10 Yes Yes Yes 8
Public owner 1 Yes Yes Yes 14
Public owner 2 n/a n/a No n/a
Public owner 3 n/a n/a No n/a
Public owner 4 n/a n/a No n/a
Public owner 5 n/a n/a No n/a
Private owner 1 Yes Yes Yes 10
Private owner 2 n/a n/a No n/a
Private owner 3 Yes No Yes 2
Private owner 4 Yes Yes Yes 3
Private owner 5 Yes No Yes 10
Engineer 1 Yes Yes Yes 14
Engineer 2 Yes Yes Yes 20
Engineer 3 Yes Yes Yes 15
Engineer 4 n/a n/a No n/a
Engineer 5 Yes Yes Yes 9
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Most remarkably, their extent varies between one and 22 pages. Secondly, their availability on
the net is variable; some are merely not accessible for the general public (without providing any
clear explanation for this withdrawal), a fact that renders this analysis problematic. Thirdly, and
most importantly, all available codes distinguish clearly between legal and illegal behaviour,
condemning the last clearly, whilst the difference between what is ethical and unethical,
however, is more blurry.

It is in fact this latter point that is of prime interest to our analysis: All of the examined codes of
ethics describe the distinction between what is legal and what is illegal. Among the contractors,
only Contractor 1, Contractor 2 and Contractor 10 describe the distinction between what is
ethical and what is unethical. Five of the contractors have quite similar codes of ethics, which —
roughly — tell their employees to follow the minimum legal requirements. It their employees
want to, they can reach for stricter requirements, but that will be their choice.

In our view, this fact point to the weakness in rule-based approaches as observed earlier. There
seems in general to be no limit to what you can do, as long as you stay within the limits of the
law within these codes of ethics. It thus seems that actors not being aware of the difference
between ethical and lawful behaviour has developed a majority of these codes of ethics. On a
more general level, this points in fact to the shortcomings of such rule-based frameworks: actors
operating within these frameworks can in fact go very far in acting in what can be called an
unethical manner, without this action conflicting with the code.

3.2 The 2030 Agenda for Sustainable Development

On the 25th September 2015, world leaders gathered in New York to adopt the 2030 Agenda for
Sustainable Development. The Agenda that was agreed upon comprises of 17 new Sustainable
Development Goals listed in table 2. The objective was to produce a set of universally
applicable strategic goals that balances the three dimensions of sustainability.

The main characteristic of these formulations is how general they are in nature. These are, in

fact, policy statements, and it is clearly difficult to implement them directly in projects. Much
can be said on the subject of their roundness, giving ample place for interpretation.
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Table 2: The Sustainable Development Goals as proposed by the Agenda for Sustainable
Development (UN General Assembly, 2015).

Goal 1: End poverty in all its forms everywhere

Goal 2: End hunger, achieve food security and improved nutrition and promote sustainable agriculture
Goal 3: Ensure healthy lives and promote well-being for all at all ages

Goal 4: Ensure inclusive and quality education for all and promote lifelong learning

Goal 5: Achieve gender equality and empower all women and girls

Goal 6: Ensure access to water and sanitation for all

Goal 7: Ensure access to affordable, reliable, sustainable and modern energy for all

Goal 8: Promote inclusive and sustainable economic growth, employment and decent work for all
Goal 9: Build resilient infrastructure, promote sustainable industrialization and foster innovation
Goal 10: Reduce inequality within and among countries

Goal 11: Make cities inclusive, safe, resilient and sustainable

Goal 12: Ensure sustainable consumption and production patterns

Goal 13: Take urgent action to combat climate change and its impacts

Goal 14: Conserve and sustainably use the oceans, seas and marine resources

Goal 15: Sustainably manage forests, combat desertification, halt and reverse land degradation, halt
biodiversity loss

Goal 16: Promote just, peaceful and inclusive societies

Goal 17: Revitalize the global partnership for sustainable development

It seems hard to argue against these general formulations. What is of prime importance is their
all-encumbering nature. This trait is often criticised in this type of policy documents. The
analytic force of such general statements, however, is that they typically leave the actors free to
apply the statements to their own context — within the boundaries of their semantic extension.
The key element here, however, is the translation from policy statements to sustainable practice,
in other words, how to translate the goals that indicate the intended virtue of our generation into
practical, achievable project within the AEC-industry.

3.3 Translating the goals into practice

If we first look for the three dimensions of sustainability embedded in the 17 goals in this list,
we may find direct or indirect traces of all three. The dimensions are taking on different nature
depending on the goal in view. If we look at the first goal, for instance, it is obvious that the
goal has a number of social and environmental challenges in addition to the economic
dimension.
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When planning such projects — that is, interpreting the way from the policy level to actual
project realisation — we have found it useful to distinguish between three goal levels where all
dimensions of sustainability may be determined from the given (broad) context. This provides a
better understanding of the practical issues contributing to the complexity of sustainability.

| Expected long term positive and negative economic
Economy P

Strategic impacts on the region in general
Level Soci [ Expected long term positive and negative societal
ociety | impacts on the region in general
Risk: High

Horizon: 100 yrs

[ Erivi il Expected long term positive and negative
FronHen: environmental impacts on the region in general

Expected short term positive and negative economic
Economy

Tactical impacts on the target groups only
level Sociat \’ Expected short term positive and negative societal
OEIeRy | impacts on the target groups only
Risk: Medium E P ; =
Horizon: 10 yrs | S zxpected short term positive and negative
Environment P ‘ environmental impacts on the target groups only
E b Expected positive and negative economic impacts on ‘
Operational COlIGY [ local society during project operations
level ok b Expected positive and negative societal impacts on the
ociety | local society during project operations
Risk: Low 1 E R 3 : - T
Horizon: 1 yr z xpected positive and negative environmental impacts
! Environment P on local environment during project operations

Figure 1. Suggested criteria for assessment of sustainability of projects (Ladre et al., 2015)

The figure outlines the three pillars of sustainability as sorted according to the three analytic
levels of strategic, tactical and operational. It also underlines the risk elements pertaining to
each of the analytic levels. Lastly, it stresses the differences in temporal horizon typically
characterising the different analytic levels. Ledre et al. (2015) go far more into detail.

In other words, it seems useful to evaluate all goal levels of identified project concepts before
finally deciding about them. The main reason for this is that the assessment of the three different
dimensions of sustainability by addressing economic, social and environmental impacts will
certainly vary with the goal level in focus.

4. Discussion and conclusions

The underlying argument in this paper has been to reconsider the recourse to rules as the unique
prism through which trying to control activities of an industrial nature with multiple actors. The
AEC-industry present a striking case of an industry where such rule-bound optimism stands
seems futile — at least in the eyes of the authors of this paper, as the examples cited above
clearly indicate. We set out to address what are the main challenges to sustainable practice
within the Norwegian construction industry today and what are the corresponding reasonable
measures to these challenges. On basis on this, we make the following claims: 1) There seems to
be a near universal identified need for a sustainable practice within the industry. This seems to
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be reflected in the codes of ethics examined. In this paper, we have tried to illustrate how the
virtue-based approach can help developing this. 2) The international approach, however, seem
to take the virtue-based ethics too far in that their limits are too loose in that the need for
translation into engineering practice becomes too complicated. A national strategy for
concretising this overreaching might be a way to proceed.

It seems to the authors of this paper that there is a profound need for knowledge-based
apprehensions of how to act. Virtue ethics in the tradition from typically recommends the use of
examples to enlighten the actors of the correct choice in the specific situation. In order to render
this a bit more concrete, we propose the following practical recommendations:

Expand the understanding of the rules of the profession —and the limits of the rules.
Expand the understanding temporal aspects of the endeavours you undertake
Understand the analytical levels of sustainability assessments

Enable students to learn from examples — people and projects

All organisations need involve new employees in the ethical foundations of the
organisation’s practice — not just in ethical codes.

References

Adams W M (2006) “The Future of Sustainability: Re-thinking Environment and Development
in the Twenty-first Century”. Revised 22nd of May. Report of the IUCN Renowned Thinkers
Meeting. The International Union for Conservation of Nature (IUCN), Switzerland.

Anscombe G E M (1997) “Modern Moral Philosophy”, Virtue Ethics, eds. Crisp R and Slote M,
Oxford readings in Philosophy, Oxford University Press.

Andersen R K, Eldring L and Rged Steen J (2014) Privatmarkedet i byggensringen — Usynlig
arbeidsmarked i de tusen hjem, Oslo , FAFO.

Aristotle (2009) The Nicomachean Ethics, revised ed., Oxford, Oxford World's Classics.

Bown P, Akintoye A, Pearl R and Edwards P J (2007) “Ethical behavior in the South African
construction industry.” Construction Management and Economics, 25(6): 631-648.

Blumberg B, Cooper D R, Schindler P S (2011) Business research methods, 3" European ed.,
Berkshire, UK, McGraw Hill Education.

Brochner J (2009) “Construction metaphors in Aristotle: knowledge, purpose, process.”
Construction Management and Economics 27(5): 515-523.

Christoffersen S A (2011) “Innledning”, Profesjonsetikk — Om etiske perspektiver i arbeidet
med mennesker, ed. Christoffersen S A. Oslo, Universitetsforlaget AS.

102



Corvellec H and Macheridis N (2010) “The moral responsibility of project selectors”.
International Journal of Project Management, 28(3): 212-2109.

Fellows R, Liu A and Storey C (2004) “Ethics in Construction Project Briefing”, Science and
Engineering Ethics, 10(2): 289-301.

Flores M, Canetta A, Castrovinci A, Pedrazzoli P and Longhi R (2008) “Towards an Integrated

Framework for Sustainable Innovation”, International Journal of Sustainable Engineering 2(4):
278-286.

Gomis A J B, Parra M G, Hoffmann W M and McNulty R E (2011) “Rethinking the Concept of
Sustainability”, Business and Society Review, 116(2): 171-191.

Gunduz M and Onder O (2013) “Corruption and Internal Fraud in the Turkish Construction
industry”, Science and Engineering Ethics, 19(2):505-528.

Hasna A M (2010) “Sustainability Classifications in Engineering: Discipline and Approach”,
International Journal of Sustainable Engineering, 3(4):258-276.

Helgadéttir H (2008) “The ethical dimension of project management”, International Journal of
Project Management, 26(7): 743-748.

Hill S, Lorenz D, Dent P and Litzkendorf T (2013) “Professionalism and ethics in a changing
economy”, Building Research and Information, 41(1): 8-27.

Haavaldsen T, Ladre O, Holst VVolden G and Lohne J (2014) “On the concept of sustainability —
assessing the sustainability of large public infrastructure investment projects”, International

Journal of Sustainable Engineering, Vol 7 (1), 2-12.

Ladre O, Haavaldsen T, Bohne RA, Kallaos J and Lohne J (2015) “Determining sustainability
impact assessment indicators”, Impact Assessment and Project Appraisal. Vol 33 (2), 98-107.

Marshall J D and Toffel M W (2005) “Framing the Elusive Concept of Sustainability: A
Sustainability Hierarchy”, Environmental Science and Technology, 39(3): 673-682.

Mill J S (2002) Utilitarianism, 2" ed., Indianapolis/Cambridge: Hackett Publishing Company.

Mirsky R and Schaufelberger J (2014) Professional Ethics for the Construction Industry, New
York, Routledge.

Ray RS, Hornibrook J, Skitmore M and Zarkada-Fraser A (1999) “Ethics in tendering: A survey
of Australian opinion and practice”, Construction Management and Economics, 17(2): 139-153.

103



Slettebge A, Buseth H, Gangas B, Wold E, Mo N, Melleby S and Anskau E (2003) Serigsitet i
byggenaringen, Oslo, FAFO.

UN General Assembly (2015) Transforming our world: the 2030 Agenda for Sustainable
Development, Resolution adopted by the General assembly on 25 September 2015. 70/1.
(available online http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&l ang=E
[accessed on 19.02.16])

Wolstenholme A, Austin S, Bairstow M, Blumenthal A, Lorimer J, McGuckin S, Jones S R,
Ward D, Whysall D, Grand Z L, Guthrie W, Davies R (2009) Never waste a good crisis: A
review of Progress since Rethinking Construction and Thoughts for Our Future, London,
Constructing Excellence.

104


http://www.un.org/ga/search/view_doc.asp?symbol=A/RES/70/1&Lang=E

Green Business Models and Organisational
Changes: Lessons from the UK Construction Sector

Amal Abuzeinab,
Leicester School of Architecture, De Montfort University
amal.abuzeinab@dmu.ac.uk
Mohammed Arif,
School of the Built Environment, University of Salford
m.arif@salford.ac.uk

Abstract

Green business models (GBMSs) can support green growth because they are based on green value
creation and capture with emphasis on clients role. However, GBMs require substantial
investment and strong change capabilities. This paper maps organisational changes associated
with GBMs transformation. For this purpose, 19 semi-structured interviews are conducted with a
heterogeneous sample of academics and managers from the UK construction sector. The
interviews then are analysed by a means of thematic analysis with aim to capture any common
changes and to form similar patterns of changes which occurred within the sample. Surprisingly,
there are a lot of similarities that can be grouped broadly into three major themes: green profile
development; structure; and operations. In addition, the change starts from the strategic level
(policy) to the operational level but it may be triggered by the people at the operational level.
Furthermore, GBMs not only change product/service and process but also catalyse broader
systems change of the green value chain. Therefore, construction organisations have to accept
that transition to GBMs will bring significant changes to the way they work if these models are to
flourish.

Keywords: Change, construction, green business models, UK, and systematic change.

1. Introduction

As sustainability becomes an even more prominent matter of concern for the construction sector,
the understanding and enactment of so-called green business models (GBMs) will become more
pertinent (Boons & Ludeke-Freund, 2013; Jing & Jiang, 2013) . Sustainability will lead to
fundamental changes in the business world (Esty & Winston, 2009) with the construction
businesses being no exception. Naturally, the resulting new business environment brings about
enormous opportunities and challenges that can shake the competitive landscape of industries to
the core (Boons et al.,, 2013; Sommer, 2012). “Thus, hesitant managers should be asking
themselves: How do sustainability issues influence the future success of our current business
model? And: How can we adapt them to best mitigate the risks and take advantage of
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opportunities arising from sustainability issues?”” (Sommer, 2012 pp.5). GBMs can be a means
towards competitive sustainability because they are based on green value proposition creation to
customers and capture of profit and reputation. Henriksen et al. (2012) provided a definition for
GBMs as follows: “GBM innovation is when a business changes part(s) of its business model
and thereby both captures economic value and reduces the ecological footprint in a life-cycle
perspective”. Therefore, the GBM concept can explain sustainability in terms of creating value
and how value is defined (Abuzeinab & Arif, 2013). In addition, the GBM can help organisations
to transform their abstract environmental strategies into viable business concepts (Sommer,
2012). Furthermore, concentration on the GBM can help better evaluation of current construction
organisations BMs and assess their future suitability regarding sustainability aspects and
competitiveness (Mokhlesian & Holmen, 2012; Sommer, 2012). However, it is vital for studies
on this field to define GBMs explicitly to reduce the ambiguity around the concept (Abuzeinab et
al., 2014).

According to Aho (2013), GBMs have the potential to transform construction organisations.
However, this remains relatively unknown and the research is under-developed in this area. The
aim of this paper is to investigate organisational changes associated with GBMs transformation
in the construction sector. To achieve this aim, it is vital to choose an appropriate research
method because little is known about GBMs and organisational change. The remainder of this
paper is structured as follows: Section 2 presents the theoretical perspective of this study where
sustainability within the construction sector is reviewed briefly followed by a review on
sustainability and organisational change in general literature. The review has demonstrated lack
of research dealing with organisational change and GBMs in the construction context. The
justification of research method is presented in Section 3 where qualitative methods are deemed
relevant for this exploratory study. By applying manual thematic analysis, three major
organisational changes (themes) are found and discussed in Section 4. Conclusions are presented
in Section 5 including limitations and future direction for the topic.

2. Literature review

In the UK, construction is a major sector of the national economy. Rhodes (2014) stated that the
construction sector accounts for 6% of the economic output and provides employment for 6.5%
of the population. According to Akadiri & Fadiya (2013), several initiatives supporting
sustainability of the construction sector have been developed such as regulations, voluntary
policies, economic measures and fiscal incentives. Examples of these initiatives include: changes
to the Building Regulations; Aggregates Levy; Landfill Tax; and Renewable Grant Schemes.
Assessment tools and demonstration projects have been showcased to demonstrate the effort of
the government in addressing sustainability issues. Despite these efforts, sustainability in the
construction sector is still lagging behind other sectors (Brennan & Cotgrave, 2014). A possible
explanation is that the current research has focused on products and services but has ignored the
organisations and their changes in responding to sustainability. This study aims to contribute to
this gap by identifying major organisational changes associated with GBMs. Organisational
change aims to move from the current state to a more desirable one ranging from evolutionary
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changes to revolutionary ones driven by internal and external factors (Lozano, 2013). Common
organisational changes reported in the literature include: strategy, culture, politics, and
operations with some overlapping changes (Lozano, 2013).

There are several studies linking sustainability and organisational changes within the general
sustainability literature. For example, Lozano (2013) investigated barriers to organisational
change related to corporate sustainability by using three case studies. He recommended that
organisations need to plan the change to integrate technological and human changes to succeed. In
addition, he summarised typical organisational changes associated with corporate sustainability:
changes in mental models; the development of future vision for sustainability; management;
structure; operations; and proposals of actions to achieve these. Hottenrott et al. (2016) examined
the relationship between green technology adoption and organisational change in manufacturing
firms. Their research provided new insights into increased productivity resulting from the
complementarity effects of new green technologies and adaption of organisational structure.
Furthermore, Lozano et al. (2015) advocated the importance of integration of organisational
change for sustainability within higher education teaching curriculum. These examples
demonstrate the emergence of organisational change for sustainability as a new discipline.
However, similar studies and approaches within the construction sector are rare (Albino &
Berardi, 2012).

Existing studies investigated sustainability requirements within the construction sector. For
example, Akadiri & Fadiya (2013) studied the role of top management commitment, government
regulations, and construction stakeholder pressures in determinig envionrmnetal sustainability
practices to aid better decision-making for construction sector. Few studies have investigated the
role of leadership and top management of construction organisations in driving sustainability
(Brennan & Cotgrave, 2014; Opoku et al., 2015). The current study provides a new approach
dealing with the organisational changes relevant to GBMs for the construction sector. Although
there are studies available linking GBMs and the construction sector, none of these have
examined the impact of GBMs on the organisational change. Examples include Aho (2013) who
studied sustainable buildings from the BM perspective and Mokhlesian & Holmen (2012) who
examined green construction using the BM as an analytical tool.

According to Sommer (2012), GBMs often require substantial investment of capital and other
resources and are intertwined with the existing business environment in complex ways. GBMs
therefore tend to conflict with conventional business practices and structures. For this reason,
many business leaders, including those in construction, overlook the potential benefits of GBMs
and fail to question their existing business logic and investment decisions with regard to
sustainability issues. ldentifying the organisational changes associated with GBMs will increase
the uptake of GBMs because construction organisations will be in a better position to prepare for
these changes. Albino & Berardi (2012) stated that studies focusing on organisational change
relevant to green buildings are required becaue they will lead to a systematic tranistion of the
sector towards sustainability. The current study is exploratory in nature owing to lack of similar
studies within the construction sector. The next section presents the method used for data
collection and analysis.
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3. Research method

The aim of this paper is to empirically investigate organisational changes associated with GBMs
transformation in the construction sector. Since the topic under investigation is relatively new, a
qualitative method is deemed appropriate. The inherent flexibility of qualitative studies and their
potential for revealing complexity were particularly relevant to this research, since the topic of
investigation was complex in nature (Amaratunga et al., 2002). In addition, qualitative data has
often been promoted as the best approach for discovery and exploring a new area (Amaratunga et
al., 2002). These features are well aligned with current research aim. Detailed semi-structured
interviews were conducted with 19 academics and managers from the UK construction sector.
The target sample was purposive sampling to achieve representativeness of main actors of the
construction sector value chain. A purposive sampling technique uses participants who are both
accessible and willing to participate in the study (Renukappa et al., 2012).The profile of
interviewees was chosen according to the following selection criteria:

Senior/managers in the construction industry
Relevant experience in sustainability strategies and practices

A decision maker regarding sustainability issues, for example, being able to initiate and
implement future plans

Ideally, a sustainability manager, expert or officer.
Table 1 presents the details of the interviewees for further information.

Table 1: Interviewee’s details — Total of 19 participants

No | ID Type of business Job title Years of Size of
experience company
1 Al University Professor 15 2500
2 A2 University Professor 15 2500
4 AR1 Architects Architect & director 20 6
5 AR2 Architects Associate architect 20 6
6 AR3 Architects Associate architect 14 110
7 AR4 Architects Associate director 9 12
architect
3 CS1 Consultancy Freelance consultant 36 1
8 CS2 Property and Environmental manager | 5 350
construction
consultancy
9 C1 Contractors Director 50 50
10 | C2 Contractors Sustainability manager 17 800
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11 | C3 Contractors Senior sustainability 14 5000

manager
12 C4 Contractors Senior sustainability 12 6000
manager
13 01 Others — Property Construction director 36 16
development
14 | 02 Others - Procurements | Sustainability manager 8 50
15 CL1 Clients/ Local Capital programme 40 10.000
Authority director
16 CL2 Clients/ University Associate director 36 260
operations & facilities
17 CL3 Clients/ University Building surveyor 20 245
18 | CL4 Clients/Local Operational facilities 15 10.000
Authority manager
19 | CL5 Clients/ University Environmental & 10 250

sustainability officer

As shown in Table 1 above, all of the interviewees had considerable experience in the
construction sector. In particular, they had relevant experience on green issues with some of them
having ‘environmental’ or ‘sustainability’ within their job titles. The sample has covered major
actors of the construction value chain including architects, consultants, contractors, clients,

procurement, and property developer.

The analysis is focused on extracting meaning from the interviews which were analysed by means
of thematic analysis. The thematic analysis refers to an analytical approach involving
examination of discussions to establish meanings and intentions (Patton, 2005). It also refers to
qualitative content analysis which has been used in construction research (Harty et al., 2007).
The results are presented next and arranged into three subsections representing the major themes

emerged from the data analysis.

4. Results and discussions

The Interviewees were asked to report all the changes in their organisations when they
implemented green practices or initiatives. The aim was to capture any common changes and to
form similar patterns of changes which occurred within the sample. Surprisingly, there were a lot
of similarities that can be grouped broadly into three major categories. These categories are:

green profile development; structure; and operations as shown in Figure 1.
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Figure 1: Major organisational changes of GBMs

Figure 1 above presents three major categories of organisational changes as emerged from the

data analysis. Each of these major categories of changes is discussed in the subsections below.

4.1 Green profile development

It was evident that a green journey is usually initiated as a reaction to growing risks which can be
regulations and uncertainties and it is characterised by discoveries. From the interviewees’
answers, green decisions are based on two major reasons. Firstly, a compliance reason coupled
with an ethical reason responding to the overwhelming scientific data about climate change and
environmental degradation. Secondly, a market reason to seize the green opportunities and
demonstrate capabilities in offering green solutions. Alternately, organisations may pursue the
green issues for a combination of the above two reasons.

However, market opportunities including clients demand have dominated the interviewees
answers as a major reason for offering green solutions. According to AR1 “there are
expectations for business in the marketplace today to have a level of environmental
credibility.” This demonstrates the market drivers and the current and future expectations from
businesses and organisations leaders. Therefore, it is better to start doing some changes and
actions now before it is too late. It was also evident that some organisations within the sample
started to deal with green agenda as a source of value creation instead of a legal imperative.
These organisations have focused on building green profile starting by relevant training and in-
depth knowledge. For example, the architects AR1, AR2, and AR4 have done various training on
lower environmental impact buildings design such as offsite construction and code for sustainable
home principles. This has some support in the literature. For example, Shiers et al. (2006)
developed an environmental profiling system for construction products to aid designers in
choosing relevant products. The authors suggested that availability of information and knowledge
will encourage the practitioners to build their green capacity and track record. Furthermore,
Albino et al. (2009) conducted a study of sustainability driven companies to understand their
behaviours. The results showed a high relationship between the development of green products
and the existence of environmental strategies. Therefore, it can be suggested that construction
organisations need to start with a formulation of green strategies before they can move on to
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develop their green profile. A well formulated strategy will facilitate a systematic development of
green profile to build a green brand and hence attract more revenues from similar projects and
services.

Most of the participants suggested that a green profile should include quick wins or quick returns
such as lighting upgrades and efficiency measures as well as longer-term, higher risk/higher
reward strategies. Although they have agreed that GBMs in essence are long-term investment,
they added that a collective approach is needed including policy and financial institution support.
It can be suggested that long-term planning for GBMs requires major changes in current
practices. The necessary investment to change can be financed by short-term profits or quick
wins that will help build the green profile at the same time (Aho, 2013). In addition, the short-
term profits can help alleviate the frequently cited barrier of environmental sustainability: cost
(Brennan & Cotgrave, 2014). Developing a track record of green capabilities is vital for
construction organisations to attract clients and to develop their awareness and appreciation of
GBMs. According to Brennan & Cotgrave (2014), clients education and awareness are essential
for sustainable construction. However, it is the responsibility of the construction sector to educate
clients. We argue that before educating clients, the green profile has to be developed by the
organisations to gain credibility. Akadiri et al. (2012) emphasised the role of top management in
developing green buildings to build brand equity, innovate, and grow revenues. Consequently,
building a green profile will require leadership and champions from top management hierarchy.

4.2 Structure

The results showed that most organisations are not embedding green-oriented resources into pre-
existing organisational structure. They are instead adopting new structure and developing new
performance indicators.

For example, most of the organisations within the sample established a specialist unit or
environmental/ sustainability officer’s position to drive the agenda. Some organisations have a
large dedicated unit and others have a dedicated individual. This merely depends on the size of the
organisation. Not only can there be the specialist unit or individuals, but also some voluntary
roles within the staff such as an environmental champion and then it is made part of each
individual’s job description. The voluntary roles can be seen as empowerment for staff that can
promote the green solution and allow them to participate in finding innovative solutions. This
view is echoed in other empirical findings in companies in which sustainability practices are
contributing to profits and so called “Harvesters.” The findings reported lessons learnt such as:
Harvesters usually change the organisational structure or adopt new structures and establish the
position of sustainability officer (Kiron et al., 2012).

The dedicated environmental/ sustainability units or individuals have a major role to play on
green business intelligence. In this role, they focus to identify clients with green agenda to work
with and to offer them tailored services. C3 from the contractor group gave an example where
they worked with an existing client to offer energy efficiency services. C3 stated that *““as part of
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a facility bid for a local authority we offered them energy investment where we pay the up-front
costs and they pay us back from the savings.” This was possible because of the green
intelligence staff that had good client knowledge and understood their aspirations and strategic
targets.

Additional role of environmental/ sustainability unit or individual is to be able develop and
communicate the business case of green practices internally for different departments and
externally for clients and supply chain. For example, C3 from the contractor group stated that
““as long as it [referring to new green initiative] works financially you can find away and you
can evolve it to client saving them money and saving you money they it is going to have a very
good chance of going forward.” Nevertheless, an important issue has been raised by the
interviewees that it is not always possible to make the business case in financial terms therefore
construction organisations may look at alternative areas such as enhancing the reputation, making
a clear statement of commitment to green issues, and social benefits.

The participants described another change in the structure where the operational units or
individuals responsible for environmental sustainability have to report at the strategic level. In
many cases there will be a strategic board manager responsible for the operational levels. For
example, C2 from the contractor group indicated that ““at the moment the sustainability
managers reporting to the health and safety director but some more senior appointments will
be made so the sustainability managers will be reporting to head of sustainability”” .This
strategic backing demonstrates the leadership commitment towards green agenda and empowers
the position of environmental/ sustainability units or individuals to have a stronger influence on
the organisation. However, CL5 from the client group stated that her current position as
environmental and sustainability officer should be diminished over the time as a result of true
embedment of environmental objectives within the organisation where this position should be part
of everyone job responsibility.

4.3 Operations

The participants explained that the operations have changed significantly across many areas such
as collaboration, technology embedment, procurement, and working patterns.

Organisations not only change themselves in response to environmental considerations, but they
also become more collaborative inside and outside the organisation boundaries. It was evident
within the sample there was a great collaboration and team work across the different organisation
units. For example, C3 stated that he works closely with the financial department in developing
and identifying green opportunities. Some of these organisations work more closely with their
clients and suppliers to develop their green practices compared to their past experience of
standard practices. Some of the participants explained their collaboration with certain
professional networks that have specialised expertise in environmental issues and their work with
the supply chain to ensure that green values are embedded within all activities. A typical
comment was, “If you think that in your company you have everything you need, you are totally
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self-sufficient you need nothing from the outside world then you are mistaken. You have a false
view because you start to believe you have the right answers.” Consultant (CS1). Therefore,
construction organisations should work more closely with their supply chain to ensure that they
adhere to the same principles. Larger organisations may provide support for their supply chain
and partners for better results. This vital because of the unique nature of the construction sector
where there is a chain of actors involved to deliver products and services (Ballard & Kim, 2007;
Kohler, 2008). Albino & Berardi (2012) noted that structure of the construction process is a
major barrier to green practices because it is based on temporary arrangements between multiple
organisations to deliver a project. Bossink (2007) highlighted the importance of studying the
changes of organisational relationships in green practices. Therefore, the findings of this study
are a means to overcome this barrier by encouraging collaboration between organisations.
Another possible solution is to focus on integrated green projects delivery because it facilitates
long-term relationships and shared value delivery.

The operation becomes more reliant on technology because it facilitates work efficiency. For
example, the architects within the sample stated their movement to paperless documents. In
addition, AR1 and AR2 explained the advantage they have by establishing a strong ICT
documentation and automation services. They have a strong knowledge repository to facilitate
communication and learning across the organisation. Furthermore, technology has a vital role to
play in the changing process such as sensor technology which can help achieving more efficient
consumption of energy and water and influencing behaviour to promote low carbon culture and
efficient practices. Energy display is also seen as important technology advancement in raising
awareness and encouraging lower consumption levels.

Moreover, CL1 and CL4 from local authorities stated that their organisations have changed the
way of procurement where they started to procure only from suppliers who match specific criteria
to ensure those suppliers are committed to the green agenda. This has some support from the
literature where Albino & Berardi (2012) invetsigated relationships between construction
organisations in sustainable practices. The results suggested that orgniasations tend to work with
others that have green portfolio to show their commitment to sustainability.

Finally, some of the organisations within the sample introduced more flexible working patterns to
reduce the travel miles and invested on online facilities to work across geographical regions. For
example, CS2 stated that they communicate with their head office through online conferencing
and thus reducing the need to travel and lowering their carbon footprint.

The results showed that GBMs can lead to major organisational changes therefore construction
organisations should be prepared to accommodate these changes. In addition, it is vital to deal
with these changes systemically and to embrace the close relationship between them. This study
highlighted the role of supply chain in delivering GBMs and its impact on operational change.
Consequently, construction organisations will need to work closely with their supply chain to
achieve wider progress towards GBMs.
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5. Conclusions

This paper has focused on investigating organisational changes pertinent to GBMs transformation
in the UK construction sector. As the subject under investigation is a relatively new, qualitative
method is chosen to better understand the subject. 19 semi-structured interviews are conducted
with a varied sample representing academia and the sector practitioners. Thematic analysis is
then applied to extract the results.

The results showed that organisational changes were grouped into three major themes. Firstly,
green profile development where construction organisations start to build and market their green
credentials. As the public awareness grows, organisations will find this is a pressing issue to
survive in the market. Secondly, organisation structure by establishing a specialist unit or a
member of staff to lead green practices and strategies. This position is vital drive the agenda and
to make a clear statement of commitment towards GBMs. Finally, a major organisational change
rests on the operations practices such as increased levels of collaboration internally and
externally, technology embedment to drive efficiency, procurement, and working patterns.
Therefore, construction organisations have to accept that moving to GBMs will bring significant
changes to the way organisations work. This study contributed to better understanding these
changes hence construction organisations can be prepared to address these and channel their
resources and capabilities toward the identified areas of change.

Although this study has provided new insights on the relationship between GBMs and
organisational changes for the construction sector, it has some limitations. First, GBMs remains
fundamentally under-researched topic particularly in the construction context. This has
implication on finding comparable construction studies that would have influenced the results of
the current research. Second, the research is focused primarily in the UK construction sector and
is relied on empirical data from UK only. Therefore, it is difficult to generalise the findings
beyond the investigated context. A wider qualitative inquiry as to how GBMs change construction
organisations is recommended for future research. Furthermore, the possibility to compare
findings of the present paper with organisational changes in other European countries remains
desirable.
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Abstract

Performance Based Building (PBB) was initially developed alongside sustainability to resolve
separate but related issues. Work in the field began with attempts to harmonize design and
construction methods and products across national and cultural barriers. Reduction in energy
and water consumption, additional added value to the owner and novel, responsive design forms
become later goals of PBB efforts. Regulatory, technical, cultural and process-oriented barriers
to adoption have been identified within specific disciplines.

There are a number of PBB tools that integrate the full lifecycle of building design and
occupation. These tools offer the potential to address many of the causes of the gap between the
predicted and actual performance of buildings seeking high levels of sustainability. The mixed-
methods research design began with a questionnaire for participant identification and proceeded
to in-depth explanatory interviews that explored the barriers and drivers to adoption encountered
in daily practice.

Awareness appears to develop slowly, sometimes organically through the firm’s interests, but
more often via pilot projects and committed pathfinder clients. Opportunity and demand
subsequently build. Some firms capitalize on this as a market differentiator while others are
pulled along by mandates or more mainstream clients who have recognized the business value.
These experiences build basic functional knowledge which, in turn, is developed with the
involvement of specialist consultants and software tools into more sophisticated technical
knowledge. Levels of sustainability and performance previously seen to be impractical are
slowly transformed into standard practice. This process renews itself as committed clients and
organizations seek again to demonstrate their values beyond conventional business.

This information can guide the efforts of those seeking to advance the adoption of PBB among
U.S. architects. Additional research into the effects of firm culture and the role of committed

clients in developing new processes appears warranted.

Keywords: architecture, design, performance, sustainability, values
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1. Introduction

The traditional architectural design process begins when the owner hands a complete program
of spaces to the architect and ends when the building is ready for the owner to move in. Pre-
design and post-occupancy evaluation have emerged more recently as formal services
(American Institute of Architects Staff 2013). As the fields of sustainable and high performance
design have become mature, a multitude of technical tools and rating systems have emerged to
address individual aspects of design. A smaller set of tools and techniques have also been
developed seeking to guide the design team in how decisions are made and which goals are
pursued.

This research began with the conjecture, based on the author’s personal experience, that
awareness and adoption of Performance Based Building (PBB) among U.S. architects is low.
This research then focused on identifying the barriers and drivers within the specific context of
architectural practice and the first-hand experiences of those practitioners. By exploring those
experiences, both actual and perceived barriers were identified for further research.

A review of the literature revealed a number of actual and potential barriers, but few
explanatory models. Awareness is a barrier that can be measured directly via surveys and
questionnaires. However, it is not likely for one to be able to give an insightful answer to the
circumstances of his or her own ignorance. The popular Leadership in Energy and
Environmental Design (LEED) program served as a proxy for the less well-known concept of
PBB. Empirical studies into different delivery systems have centered on project performance
during construction (Konchar and Sanvido 1999) but are more recently beginning to investigate
how those methods influence operational outcomes (Esmaeili et al 2013). Those relationships
are complex and beyond the scope of this research. A two-step mixed-methods approach was
able to illustrate the transition of sustainability and building performance from an expression of
a small group of clients’ values to the design mainstream. The value of these insights lies in
their ability to aid the work of those pursuing broader adoption of PBB among U.S. architects.

2. Literature Review
2.1 Conceptual Background

The essentials of contemporary PBB were defined in the 1982 report to the International
Council for Building (CIB), “Working with the Performance Concept in Building.” The report
begins, “The performance approach is, first and foremost, the practice of thinking and working
in terms of ends rather than means. It is concerned with what a building or building product is
required to do and not with prescribing how it is to be constructed.” (Gibson 1982, p. 4) The
other key concepts that Gibson (1982) outlines are testing the proposed solution against those
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requirements and evaluating the final constructed work against the original benchmarks. The
CIB continued to develop a research program for PBB through the 1980s and 90s.

This laid the groundwork for a multinational research effort that gave rise to the Performance
Based Building Thematic Network that ran from 2001 to 2005 (International Council for
Building 2013). That work culminated in a series of final reports intended to establish a
consensus for PBB throughout Europe and the United States. Performance standards then
become the means by which to judge the productivity of the discourse between supply and
demand. Technical applications have developed in step with the advance of technology and
computing. The US Department of Energy now lists 411 software applications for measuring
and comparing differing aspects of building performance (Building Technologies Office:
Building Energy Software Tools Directory 2013).

2.2 Benefits and Barriers

These tools and practices offer an array of potential benefits; increases in Key Performance
Indicators (KPIs) with Gross Value Added (Barrett et al 2007), dynamic links between
performance parameters and building geometry (Oxman 2008), and even carbon absorbing
cities (Geyer & Bucholz 2012). Fowler (2011) and Hammond (2005) point to mandates Federal
organizations have enforced as an important determinant of the successful adoption of PBB.

Despite these benefits, many barriers to adoption remain. The lack of acceptance among
regulatory bodies was one of the first to be identified (Gross 1996). The increasing technical
complexity of the design process limits who can perform more sophisticated performance
simulations (Shi and Yang 2013) and the number of simulations that can be performed (Flagler,
Haymaker 2007). Outside of large property portfolios managed by a single entity - namely
governments and a few large private companies - smaller organizations have not been able to
demonstrate the business value that PBB offers successfully (Barrett et al. 2007). Sexton and
Barrett (2005) and Panuwatwanich et al. (2009) found that PBB must explicitly address
business logic and value in order to find broader acceptance. Seeking to explore the limits of
performance across many domains creates fragmentation of the design process. For example,
daylighting, facade design and energy performance have become independent consultancies at
the same time that the need for the integration of those systems into the whole of the building
has become increasingly apparent (Satterfield et al. 2009). Perceived liability, adversarial
relationships and the lack of a skilled workforce also constitute cultural barriers (Wright 1996).
An organization with a culture that values performance will learn how to express that value to
others by integrating the myriad available technical tools. In the case of hierarchically structured
federal agencies, that cultural change has been mandated from the top. Without such a mandate,
there seems to be no consensus within the reviewed literature regarding the tools or methods
that would most effectively address this issue.
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2.3 Integration

In contrast to fragmentation of the design process, integration was identified as the primary
means by which barriers to PBB can be addressed (Bakens et al. 2005, p. 155):

Fixed classification or inflexible separation of the demand and supply sides also do not
help. Instead, a programme structure and activities that promote maximum interaction
of up- and downstream stakeholders, and of participants in the different phases of
building life, should be encouraged to promote integration and remove barriers.

Litzkendorf et al. (2005, p. 13) created a typology of performance instruments and tools that
maps their application across these phases of a building’s life. Few of the tools they identified
are intended to span all phases of design. All but the ASTM Standards and Design Quality
Indicators (DQI) are intended for residential design or are limited in scope by region-specific
database information. Similarly, the Soft Landings framework grew from a desire to incorporate
user feedback from the end of the design cycle, rather than front-loading technical information
before design begins (Way 2004; Bordass, Leaman 2005). Because these systems have the
capability to be broadly inclusive of the design process, they are referred to as integrated tools
for the purposes of this research.

Highly optimized building performance concepts tend toward complex, multi-dimensional
trade-offs that are embedded deeply within the final built solution. This makes identifying the
benefits derived from any specific design decision guided by PBB principles particularly
challenging. Tools that integrate PBB throughout the design life-cycle offer significant potential
benefits. However, their adoption may hinge on the internal dynamics and culture of the
organizations seeking to make use of them.

3. Methodology
3.1 Research Design

Given the complexity of the performance-based landscape, is it reasonable to expect the
practicing professional to be knowledgeable about the use of these tools? The reviewed
literature suggests there has been little formal investigation into the state of knowledge among
architects practicing within the U.S. While many barriers and drivers were identified during the
literature review, correlations between these variables were not suggested. Without those
correlations to explore in a quantitative manner, an alternative method was selected. A two-
stage process was developed to first narrow the field and then explore it in greater detail. The
first stage was a brief questionnaire only seeking to identify individuals with experience in the
systems in question. The second stage was developed as an open-ended and exploratory
interview to reveal the specific context of each firm in which the interviewee operates (Weiss
2004). In this mixed-methods approach, the questionnaire is not intended to be a statistically
reliable tool. It is used to enhance the qualitative exploration of the interviews. This method
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aligns with the participant selection variation of the explanatory model for mixed-methods
research (Creswell, Plano Clark, 2007).

3.2 Questionnaire

A brief questionnaire was developed to identify individuals with experience in the systems in
question. To maximize results, the questionnaire was sent to individuals whose expertise was
known to the author or whose qualifications were readily available through published resources,
including the United States Green Building Council directory and past members of the AIA
national Committee on the Environment. The questionnaire was restricted to three questions:
awareness of the subject PBB systems, experience with those systems, and willingness to
participate in an in-depth interview. LEED templates and forms were included to ensure a
baseline of familiarity with sustainability and building performance. Due to the small sample
size relative to the potential total population, statistical analysis of the questionnaire results was
limited to internal comparisons.

3.3 Interviews

Interview participants were self-selected through the questionnaire process. After establishing
basic facts, the majority of the interview was structured in a biographical arc, beginning with
personal history of the subject, working towards present experience, and finally projecting into
the future. The method of focusing on a single, specific time is referred to as the Critical
Incident Technique, which Chell (2004) asserts is an effective method to elicit more detailed
and accurate recollections of past experience. This was also intended to establish a flow that
would produce a more active and engaged conversation. This appeared to have been successful
as the responses grew longer and more detailed as the interviews progressed.

The analysis of the interviews followed the model outlined by Seidman (2013). Recordings
were transcribed and those transcripts were coded for keywords based on the barriers and
drivers identified in the literature review. Other keywords emerged as repetitive themes across
multiple interviews. The frequency of these keywords was charted and the strongest concepts
were grouped together along with any counter-examples.

4. Results and Analysis
4.1 Questionnaire Results
Seventy-two professionals were contacted via e-mail with 20 responding over a period of 48

days. Six of those 20 were aware of one of the subject systems and only two had first-hand
experience. All had first-hand experience with the LEED templates.
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Figure 1: Have you evaluated any of the following systems for use in your practice?

Green Globes and the Living Building Challenge where the two most commonly mentioned of
the other systems. Two trends are readily discernable from this data; LEED is ubiquitous among
respondents and, while not completely unknown, awareness of the other subject systems is not
as pervasive. The interview subject’s experience appears to be consistent with the larger group
of respondents with the exception of the ASTM Standards.
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Figure 2: Have you been involved in a project that used one of these systems?
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The same two trends were demonstrated by the results for first-hand experience with the low
levels of adoption of systems other than LEED being even more pronounced. In this case, it
appears that the interview subjects may have slightly more experience with alternate systems
than the overall group.

4.2 Interview Results and Analysis

Twelve of the questionnaire respondents elected to provide contact information for the purposes
of scheduling interviews. Ultimately, interviews were arranged with seven of those individuals.
When asked to reflect upon their earliest experience with PBB, a strong trend emerged. Six of
the seven had been involved in the LEED pilot program to varying degrees. For five of those
six, a non-profit organization, governmental body or another pathfinder client was mentioned in
reference to this initial experience. When asked about barriers to PBB that had been
encountered during the course of these initial experiences, financial cost was identified by five
of the seven subjects. However, several related concepts were specified: increased design fees,
rating system certification fees, actual construction costs, and uncertainty in the bidding process
leading to inflated costs. The perception of increased cost was described as having outlasted the
reality among some clients. Education of both the design and construction teams was also cited
as an early barrier. Responses to the question of what values drove the design team to push
through and overcome the barriers that were encountered centered on three ideas: market
differentiation, firm values, and client values.

Asking interviewees to identify the benefits the design team had realized from the inclusion of
LEED or PBB strategies proved more difficult to frame in a manner that elicited useful
feedback. For the four that did address the question directly, one response serves as a succinct
summary: “There are really three prongs of what we received from that [experience]. One was
how to do the LEED documentation, but also our reputation as a firm doing sustainable design
and our ability to design a building that was at a higher benchmark than what we had done
before.”

At this point in the interviews, the focus shifted from present-day experience to speculation
regarding the future. Mandates were identified as particularly powerful tools in this regard,
especially when tied to funding mechanisms. The specific example of federal and local
government adoption of LEED certification was cited by three subjects. A similar state level
program, also tied to bond funding for construction costs, was also cited. The business case for
performance was also cited: ““...there would have to be a policy or mandate or there would have
to be, basically, undeniable quantitative return on investment...”

The role of building standards or rating systems that reach beyond the conventional also
emerged. In particular, the difficulty of achieving the Living Building Challenge was cited as a
driver for those organizations seeking to express a qualitative commitment to sustainability that
goes beyond what can be evaluated in traditional quantitative terms. It was suggested that this
may be intentional on the part of both the clients and the rating organization. One subject
questioned the premise of the question and responded:
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The path to make anything go on an upswing is instead of making it voluntary, make
it compulsory, which then, sort of diminishes the altruistic nature of going after it,
which is why Living Building Challenge and various other projects aren't actually
interested in having more projects but rather a number of demonstration projects.

This suggests that the creative tension between aggressive rating systems that go beyond the
industry’s current abilities to measure value and the widespread, tested and proven systems
forms a mechanism by which the qualitative values of some organizations are made quantitative
and revealed to the broader market.

5. Discussion
5.1 Pathfinders and Mandates

The initial experiences of the interview subjects were defined by pathfinder clients and
mandates. The pathfinder client plays a critical role in the adoption of new performance
standards by pushing through barriers based on their values rather than waiting for a
demonstrable return on investment to justify their efforts. This contradicts Barrett et al.’s (2007,
p. 16) assertion that ““...project teams can only really achieve incremental change without this
lead [mandates].”” Regulatory obstacles were scarcely mentioned in the interviews, which
suggests the concerns voiced by Gross (1996) may have lessened in the intervening years. The
role of the pathfinder client appears to shift the need to quantify building performance in
business terms identified by Sexton and Barrett (2005) as well as Bakens et al. (2005) from the
initial adoption phase to later stages of the process. Adoption of PBB may be better served by
including or marketing to those clients rather than focusing on design professionals. This
finding parallels the “innovation champions” Brandon (2006) describes as driving technological
and design-process adaptations. Pathfinder clients are distinct from innovation champions
insofar as Brandon ascribed their efficacy to the force of individual personality and not
organizational values. In both cases, however, industry does respond to client demand. This
research did not contradict prior findings that mandates are powerful tools for driving the
adoption of new systems to the broader market, but it does suggest they follow pathfinder
clients in the overall process.

5.2 Process

The emergence of software tools and specialty consultants to serve the architectural profession
pre-dates the PBB concept. Four subjects agreed in principle with the concerns and difficulties
voiced by Shi and Yang (2013), Reinhart and Fitz (2006), and Crawley et al. (2008). However,
the magnitude of these issues and their impact on the final output were both downplayed. It
appears that firms have grown comfortable evaluating those tools and consultants and have
developed ongoing processes, whether formalized or not, that allow them to adapt to the
proliferation of both specialties in the normal course of operations. This incremental approach
echoes Yetton et al.’s (1994) findings regarding the initial adoption of CAD technology in the
late 1980s and early 1990s.
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The same institutional inertia could be a barrier to the adoption of process-oriented tools that do
not match the organization’s current design methods. This supports Hammond et al.’s (2005)
claim that *...successful implementation of a performance-based approach for Facilities and
Constructed Assets is best if embedded in an overall performance-based approach for the whole
organization.” However, the lack of awareness of those specific tools appears to have
manifested itself in an absence of specific information on this topic within the interviews.

5.3 Feedback

The need to incorporate feedback is growing in recognition of the continued uncertainty of
outcomes, otherwise known as the performance gap. Two contributing factors were identified
by interview subjects. First, modeling tools are developed and used for documentation and
standards compliance, not necessarily for their predictive capabilities. Second, occupant
behavior, both at the organizational and individual levels, can be very disruptive to optimizing
building performance. Some clients and firms are now actively seeking feedback which may
indicate that the adoption of this practice is beginning to grow along a similar arc as LEED. The
AlA 2030 Commitment, a single-attribute system comparing predicted and actual energy use
intensity, has recently emerged as another example currently adopted by 99 U.S. architecture
firms (American Institute of Architects Staff 2013).

5.4 Other Issues

A handful of other issues emerged through the course of the research. It appears that LEED’s
ubiquity drowns out many other systems. Green Globes may be a viable alternative to LEED but
is still far less prevalent. PBB in the U.S. may be dependent on recognition by and incorporation
into one of those two systems. Liability is seen as a barrier by some and a driver by others.
Performance guarantees and the health impacts of chemicals within building materials were
specifically identified. These are significant to the issue of PBB, as they represent potential
changes to the professional standard of care for designers that relate directly to specific
dimensions of building performance. The findings appear to confirm Wright’s (1996) assertions
regarding performance, while the topic of chemical health impacts may be a more recent
emergence not addressed as thoroughly in the existing literature. International work, where
design oversight of contractor activities is prevented by contract or practice, is an area of
promise for the PBB concept. Design documents that do not rely on prescriptive methods could
help ensure that the final built product meets the intent of the design and needs of the user
across significant cultural and technical divides.

6. Conclusions
This research sought to identify barriers and drivers to the adoption of PBB amongst U.S.
architects so that those tools may be more commonly brought to bear upon the gap between

predicted and actual building performance. The specific context of architectural practice and the
first-hand experiences of those practitioners were explored to yield insight into the practical
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judgement that guides their work. The picture that emerges is of a progressive process that
builds over time.

From the data gathered from the interviews, it appears that awareness has developed slowly,
sometimes organically through the firm’s interests, but more often via pilot projects and
committed pathfinder clients. Opportunity and demand subsequently appear to build. Some
firms capitalise on this as a market differentiator while others are pulled along by mandates or
more mainstream clients who have recognized the potential value in business terms. These
experiences build basic functional knowledge which, in turn, is developed with the involvement
of specialist consultants and software tools into more sophisticated technical knowledge. Levels
of sustainability and performance previously seen to be impractical are slowly transformed into
standard practice. This process renews itself as committed clients and organizations seek again
to demonstrate their values beyond conventional business. While the sample size of this
research cannot be considered broadly generalizable, the coherence of the story told by the
interviewees suggests these conclusions represent one thread of experience within the industry.

The implication is that PBB cannot be pursued as an end of its own. PBB is, by definition,
focused entirely on what can be measured, demonstrated, and improved. This leaves no space to
include the more far reaching and ambitious concepts that capture the imagination of pathfinder
client organizations, but have not yet demonstrated a reasonable return on investment. Without
that intrinsic driver, those seeking to extend the use of PBB must find another path. Adoption
can be most readily furthered by embedding PBB principles as deeply as possible into the rating
systems and standards, such as the Living Building Challenge, that do offer this existential
demonstration of commitment.
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Abstract

The principles of lifecycle costing or whole-life costing has been around for decades, but the
implementation of the principles has been modest or even weak despite the obvious advantages
of integrating maintenance, operation and management aspects into the design of new buildings
and facilities. Several explanations to this apparent paradox have been offered including the
absence of robust tools, cost key figures and commonly agreed calculation assumptions along
with weak economic incentives, the inherent project focus of designers and contractors etc. In
early 2015, the Danish government launched a new package of tools for sustainable
construction. The complete package includes a general guideline to sustainability, two specific
guidelines on lifecycle costing (LCC) and lifecycle analysis (LCA), a general introduction to
the lifecycle of construction and two new tools for doing lifecycle costing (LCChyg) and
lifecycle analysis (LCADbyg). Based on the methodology of structured analysis and agile
software development methodology, this paper will review existing tools, discuss (some of) the
design choices made and summarise lessons learned from the development of the tool LCChyg
for lifecycle costing. First, this paper will provide a typology of existing tools into three
categories with distinct characteristics and associated benefits and drawbacks: 1) Spreadsheets,
2) stand-alone applications, and 3) web services. Second, while the software interface only
displays limited unique features and functionalities compared to other available tools, the
inherent data model applied in the tool provides a number of unique design choices. These
design choices make the tool highly robust to future development; incorporate a fully open
standard in XML format for easy exchange with other applications; provide the users with a
high degree of adaptability to their specific requirements; and reduce the need for an elaborate
classification scheme for cost and building components that would otherwise severely restrict
the adaptability of the tool.

Keywords: Sustainable construction, lifecycle costing, agile development, open standard, data
model
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1. Introduction

The challenge of sustainability has been around for decades. The Brundtland report (1987)
introduced sustainability as the balanced development of three pillars: environment, social and
economics. Despite progress, there still is a long way to go for governments, businesses,
academia and civil society. In 2014, the Danish government (Regeringen, 2014) issued a new
building policy with five strategic actions including one action on sustainable construction. This
strategic action included a series of initiatives to promote sustainable construction, among
others a guidance package. This package was launched in early 2015 and includes a general
guideline on sustainable construction (Energistyrelsen and Birgisdottir, 2015), two guidelines
on environmental assessments (LCA) (Birgisdottir and Nygaard Rasmussen, 2015) and lifecycle
costing (LCC) (Haugbglle, 2015), a foundational report on the building’s life cycle (Nygaard
Rasmussen and Birgisdéttir, 2015) and two tools for environmental assessments (labelled
LCADbyqg) respectively economic assessments (labelled LCChyg).

The principles of lifecycle costing or whole-life costing has been around for decades, but the
implementation of the principles has been modest or even weak despite the obvious advantages
of integrating maintenance, operation and management aspects into the design of new buildings
or refurbishments. Several explanations to this apparent paradox have been offered including
the absence of robust tools, cost key figures and commonly agreed calculation assumptions
along with weak economic incentives (see e.g. Haugbglle, 2015).

Applying the principles of lifecycle costing has for several years been mandatory for both social
housing and governmental buildings. While the social housing sector has developed sector-
specific tools, the government building agency has effectively neglected its obligations to apply
and to disseminate knowledge on lifecycle costing. This negligence was criticized in strong
terms by the Danish National Audit Office (Rigsrevisionen, 2014) and the Danish Public
Accounts Committee (in Danish, Statsrevisorerne) putting pressure on the building agency to
take action on lifecycle costing. Meanwhile due to unfortunate circumstances the building
agency had to employ a new CEO, who came from a municipal building agency with a high
profile on sustainability and lifecycle costing. Further, three new trends have in recent years
actualised a wider use of lifecycle costing in construction (Haugbglle, 2015):

1. New governmental regulation issued in 2013 on quality assurance, public-private
partnerships and lifecycle costing in public construction, which requires all public
clients (not only governmental) to apply lifecycle costing in projects above certain
thresholds.

2. The establishment in 2012 of the German certification scheme DGNB adopted by the
Green Building Council Denmark for sustainable buildings and urban areas where
economic quality has a very prominent position.

3. The new European procurement directive from 2014 that makes it easier to use total
cost of ownership (TCO or lifecycle costing) as an award criterion in competitive
tendering rather than just lowest cost.
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With these new dynamics in mind, the time seemed ripe to consider how lifecycle costing may
be addressed and operationalised. The objectives of this paper are 1) to provide a typology of
LCC tools and discuss benefits and drawbacks of different types of tools, and 2) to reflect on the
design process of LCCbyg and share lessons learned during the software development process.

2. Methodology

The tool LCChyg was developed for the Danish Transport and Construction Agency (Trafik- og
Byggestyrelsen, 2016) by the Danish Building Research Institute in collaboration with a small
software firm. The combined competence of the project team members covered lifecycle
costing, data modelling, software architecture and user interface design.

This study is based on a combination of the structured analysis approach and the agile approach
for software development. The development has been divided into two main stages: the
development of version 1.0 in 2014 and the development of version 2.0 in 2015. Due to
conference deadlines for paper submission, this paper primarily addresses the development of
the first version. This process can be subdivided into three main phases: Analysis of present
situation; formulation of requirements; and development and testing of the tool.

The analysis was carried out using so-called “structured analysis’ (Delskov and Lange, 1999).
As spreadsheets are effectively the industry standard of performing LCC calculations, it was
relevant to analyse the design, inherent data model and calculation procedures of spreadsheets
more closely. The methodology was adapted to only include the Data Flow Diagrams, Data
Dictionary and Process Descriptions. The second phase covers requirement specification, which
the customer writes on the basis of the analysis and own requirements and wishes. In this case,
the specification of requirements was developed in parallel with the second half of the analysis
as well as the early design stage. The third phase covers the actual design of the application. In
addition to structured analysis, this work was in part based on the 12 principles of agile software
development (Fowler and Highsmith, 2001). To mention a few of the principles being followed
in this project, the project team was a self-organising team with a flat organisational structure
based on a recognition of complementary competences among team members; the iterative
development process was based on frequent sprints; intensive face-to-face conversation took
place through weekly project meetings; changing requirements was welcomed (even late in the
process) and adapted regular to changing circumstances through close interaction with a highly
knowledgeable reference group and potential users; and the team focused intently at delivering
working software as the principal measure of progress.

The approaches of structured analysis and agile development were supported by empirical
evidence from a range of sources. The analysis phase provided an overview of existing national
and international tools. Based on this overview, the LCC tool for DGNB certification developed
by the Danish Building Research Institute was selected for closer scrutiny as this is a very recent
example of this development path, the project team had easy access to the coding, and the tool
closely follows the approach in similar tools. The purpose of the analysis phase was to explain
and document the DGNB system’s use of variables and rules of calculation in order to support

131



the subsequent design phase. The analysis phase also included participation in industry courses
on LCC and interviews with and observations of practitioners using LCC tools. During the
requirement setting phase extensive dialogue with the funding agency and the reference group
was carried out based on e.g. the presentation of mock-ups and draft versions of the tool's
reporting schemes. The development and testing phase further extracted empirical evidence
through e.g. the use of a structured test protocol by the test persons.

3. Analysis of existing tools
3.1 Existing approaches

A number of different approaches and tools to manage whole-life costing or lifecycle costing
already exist both nationally and internationally. Two standards are relevant here: the
international 1SO15686 series on service life planning (ISO, 2008) and the European EN15643
series on sustainability of construction works (CEN, 2012). Several instructive books and
guidelines have also been published over the years. These include among others the very first
publication by the Danish national building research institute on economic optimisation of
insulation (Becher, 1949), strategic investment and financing (Hedegaard and Hedegaard,
2008), a practical guide to selecting materials from a whole life costing perspective (Caplehorn,
2012), a comprehensive overview of different LCC models and engineering design issues within
various business areas of application (Dhillon, 2010) as well as a textbook for engineering
students on economic analysis, estimation and management in product development of complex
systems (Farr, 2011).

The most widespread type of tools is based on the spreadsheet platform available in most
standard software packages for office use (typically Microsoft’s Excel spreadsheet). These
include among others a low-energy optimisation tool for Danish social housing, the Norwegian
government’s building agency’s tool LCProfit, the LCC tool used in the Danish DGNB
certification scheme as well as a range of internal company-specific spreadsheets. Another but
less frequent type of tools includes stand-alone applications. These include among others the
tool BLCC offered by the US Department of Energy. A third type of applications is web
services where calculations are made online using some kind of web browser linking to a server
hosted by the service provider or a web hotel. These include among others the mandatory tool
for doing LCC calculations in Danish social housing with regard to new buildings and major
refurbishments as well as a web service version of the Norwegian LCProfit. A fourth type is
apps for tablets and smartphones, but these are currently non-existent.

3.2 Characteristics of different technical solutions

While a spreadsheet solution offers a number of benefits including relatively low development
costs, spreadsheets are notoriously fraught with errors. As pointed out by Panko (2008) *“...the
issue is how many errors there are, not whether an error exists. And out of 113 investigated
spreadsheets 88 % are found with errors.” A web service solution makes it possible to have one
common interface, but requires additional resources for optimisation to different browsers as
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well as extensive management resources. Apps for smartphones and tablets are spreading fast
and offer great value for the user “on the move”, but are often cumbersome for daily office use.
A desk top application is the main platform for the user groups, but desk top application may
need to be available for three different operating systems (Windows, OS X and Linux). Linux is
used to a very limited degree (around 1 % of the market), while OS X is used to a larger degree
(some 8 % of the market). The Windows operating system in its different versions is by far the
most widespread operating system, accounting for around 90 % of the market (StatCounter,
2015). Since the operating system OS X has various options for running Windows applications,
solutions based on the Windows operating system would potentially cover the vast majority of
all desk tops. Table 1 provides an overview of the benefits and drawbacks of each of the four
technical platforms for developing LCC calculation tools.

Table 1: Characteristics of technical solutions

Wstics Benefits Drawbacks
Type

Spreadsheet Great flexibility Many possible errors (often hidden)
Wide spread use

Integrated in office suites

Web service Same interface on all platforms Optimisation to different browsers
Require fast internet connection

File handling requires extensive
management of servers, security etc.

Mobile/tablet Wide spread and increasing use Cumbersome for extensive office use

Customised solution required for
each mobile platform

Desk top application Mature and open source libraries Three operating systems (Windows,
for XML, PDF and graphs OS and Linux)

Main platform for user groups

Integrated in work processes,
including backup and storage

3.3 Structured analysis of a spreadsheet tool

An important difference between a software application and a spreadsheet is not the technical
difference, but rather that the user is developing calculation solutions. Where the programmer
has learned to follow a strict methodology that involves an ongoing focus on troubleshooting,
the spreadsheet developer rarely follows any method other than increasingly adding cells.
Where a spreadsheet developer sees a variable as a position in a given layer or cell in the
spreadsheet, the programmer will see the variable without position. In practice this means that
the variables are all unique in their naming, and are available in a variable list. For the
programmer the outcome of two interacting variables becomes a new variable, described and
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reportedly named in the variable list. For the spreadsheet developer an interaction between two
positions leads to a third position. In both cases, the calculation will be correct, but in a further
development of the application, the programmer would only have to control the variable list.
The spreadsheet manager must ensure all rearward positions, which gives a large number of
corrections, particularly when multiple columns or rows need to be inserted. References in data,
x-refs, are often troublesome because they tend to break.

In order to decipher the logic of the system the starting point was to note the responsibility of
data entry and the resulting variables in the DGNB LCC-tool. The tool's calculation views and
balances were then reviewed in order to document the use of input variables and to find and
explain the resulting calculations (system variables) included in later calculations.

The variables were described in a ‘Data Dictionary’, and calculation routines were described in
‘Processes’. The variables used in the processes were double-checked with the data dictionary,
and the processes themselves independently described. Finally, the variables were taken directly
from the spreadsheet and listed alphabetically and in conjunction with process variables and
data dictionary. Figure 1 shows the result of this analysis as a high level view.

DGNB and User
Input

N N

Building

( \

Cost, Present value  Cost, Present value Ccst Present value
\ ™ | Result
Present
vaiue
S

Figure 1: The system’s procedural context (High level)

4. Setting requirements

Figure 2 shows the principle of the system where account plans will be completed and
customized by the user (Process 1.0), after which the values are used in the subsequent
calculations. *Account plans’ contain a number of items the user can select as needed. Interest
rates are not implicit in account plans, but located in the register ‘Assumptions’. The values
entered by the user are stored both in the register ‘Result values’ and transferred to the
calculation processes. The system calculates totals and factors (Process 2.0), which is later used
in the calculation of the index values (Process 3.0). Some values are not included in the
calculation of factors and sums, and used directly in the index calculation. The purchase will not
be calculated as index or present values, and therefore saved directly in the register ‘Result
values’. The index values are saved for each year of the chosen calculation period. On this basis
the present values are calculated (Process 4.0). All input, used standard values, and the
calculated present value are placed in the register ‘Result values’, which forms the basis for
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generating a ‘Report” (Process 5.0). Process 1.0 and 5.0 are ‘semi-manual’ while Process 2.0,
3.0 and 4.0 are automated.

Figure 2: Outline of the system
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Each of the predefined building parts has been associated with values for ‘Lifetime’,
‘Maintenance rates’ and ‘Replacement rates’. The values are taken from a report on lifetimes by
SBi (Aagaard et al., 2013) and supplemented with maintenance rates and replacement rates from
the price calculation database V&S Prisdata and the Green Building Council Denmark (2014).
Lifetime is indicated as number of years the building component is functional and does not need
replacement. When the estimated lifetime of a building component expires, the building
component is replaced. Maintenance of the building components is specified as a percentage of
the purchase price (the construction of the physical building components). Maintenance is
calculated for each year of the calculation period, so the value represents an annual maintenance
cost. Replacement is also a percentage of the purchase price of the building components, but
appears only in the calculations of the year in which the lifetime expires.

The account plan for ‘Building parts’ calculates acquisition cost of the building, maintenance of
the building components and replacement at end of life (Figure 3).
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Figure 3: Calculation of building parts
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For each year during the calculation period an indexed value and a present value is calculated.
The input and editing made by the user in Process 1.2 is used in the calculations and saved
simultaneously in the ‘Result values’. The register called ‘Acquisition of building parts’ is also
used in ‘Acquisitions’. The account ‘Building parts’ contains parts classified under SfB group 1-
6 (Byggecentrum, 2012).

5. Converting requirements to a solution
5.1 XML as data format

Data — and specifically data related to building structures with a long life — must be stored in a
manner that allows data to be retrieved over time independent of specific tools, software,
operating systems and hardware. The unique properties of the XML format makes it ideal for
storing hierarchical data directly in a data tree, thus avoiding the need for the often troublesome
references. It also allows adding and deleting posts where needed and belong in the logical
structure. Consequently, the system store and exchange data in XML, as it makes it possible to
store data in clearly defined structures without sacrificing flexibility. Storing data in a human
readable format also allows data files to work outside the tool and it allows project file authors
to create new project types by hand and merge outside data by using existing XML tools.

In naming the XML elements, tags and attributes are exclusively in English to avoid future
problems with external XML tools. All tags and attributes are written in lowercase. Although it
is possible to achieve a slightly higher human readability by using letter casings such as Camel-
Case, the benefits are outweighed by the many trivial errors that can arise later when trying to
figure out the correct casing for an element or attribute. The choice also allows the software
code to define software objects as Camel-cased and XML elements as all lowercase, making it
easier to identify what is referred to when working on the code base.

Many automatic XML-to-code generators will default to serialising data into elements rather
than attributes. In order to preserve human readability, and make the XML correspond to the
logic behind, it was chosen to handcraft the XML/Data Object conversion. This allows for
values to be stored as attributes inside the relevant tags and reserve element creation for bearers
of the hierarchical information. Making this distinction is helpful for deciding how the XML
structure should look like when adding and refactoring the data format.

5.2 Development platform

In order to contain, edit and standardise the use of the aforementioned XML file, the project
team chose to write a software program. In order to do that, an execution platform and one or
more programming languages must be selected. A number of considerations were taken into
account including use on the web, multi-platform compatibility, mobile and desktop use,
industry standards, prevalence of programming languages, and availability of free, open source
third-party extensions. As a consequence the application was created in C# as a Windows
Presentation Foundation (WPF) application.
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5.3 Graphical User Interface (GUI)

The general approach has been to design the application as a series of steps represented by tabs
in the project pages. These are bound to the underlying software objects that are updated
directly and with a minimum of filtering. An update of a value in the GUI triggers a complete
recalculation of all results in the model. This allows showing in real time the effect of a specific
change in value on the calculation. The cost data breakdown structure holds the account plan
elements. These are shown in two tabs: one for editing structure and setting key values, and one
for entering the main body of user values. The overall calculative results are shown in a tab
labelled ‘Conclusion’. The application can deliver output in three different forms: 1) a PDF
document for circulation to decision-makers, 2) an XML file for others to continue working
with, and 3) a spreadsheet.

5.4 Software structure

The software started its life as a relatively “thin” wrapper around the XML file, the idea being
that calculations and formulas where held in accompanying XSLT style-sheets, and XSLT
transformations made the calculations. The idea was that formulas and calculations could be
shared as XSLT files allowing for future expansion and flexibility. The software lived through
quite a few iterations in this form. In the end it proved too slow to execute and too cumbersome
to maintain. Thus, it was decided to rewrite the core of the program using a more “classic”
approach. The XML file is now serialised and de-serialised from/to software objects, each XML
element getting a corresponding code class with the necessary fields and members. The rewrite
resulted in a core that can now update its results in real time.

The model that was finally settled on was in part a result of the initial analysis of the existing
spreadsheet solutions, and in part a result of realizations that took place while implementing the
model and features. A great deal of work went into modularising parts of the calculation and the
different functionalities. By standardising the calculation at the lowest possible level,
calculations at higher up levels avoid having to deal with “if/then’ scenarios, where the source of
the data has to be accounted for. The exclusion of references makes it easy to edit the structures
without having to synchronize with an external reference. External references are not entirely
excluded as the format has a ‘code’ attribute meant to identify the account plan row in another
context such as SfB or similar.

The reporting feature is based around the idea of a clear separation of data and presentation as it
is known in HTML and CSS. It has been important to limit the intertwining of presentation data,
and data needed for the presentation, so where presentation data is necessary in the project file,
it has been moved to separate elements. Table 2 shows the elements that both the XML file and
the internal software model shares.
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Table 2: Description of the system elements

Elements

Description

accountplans

Account plans are structured in main-groups, sub-groups and rows.

basevalues Each row comes with the possibility to store key values obtained from
real life use, used as a common starting point of the calculation.

costdatabreakdown This element holds the account plans.

inputvalues The input-values store the specific user data. There is one set of input-
values per row per version.

periods The general prerequisites are stored inside periods, the main one being
“period-of-analysis™. Future periods can exist next to the main ““period-
of-analysis”.

project A collection of the elements below.

projectcollection

A collection of projects. Typically describing the same building(s) in
different development stages.

projectcollectioninformation

Metadata and comments, some of which are output to the report.

projectinformation

Metadata and comments, some of which are used in the report function.

results

Results are stored inside their relevant parent element.

resultgroups

A list of and labels for the common way calculations are posted.

viewdefinitions

A list of selectable views including their names and accompanying texts.

The views are the parts that make up the PDF report.

versions Calculation and value sets. The names and description of alternatives

are listed here.

The common calculation results are stored here. Because the results at
this level are standardised into specific result groups, it is possible to
compare results from projects structured differently structured.

versionresults

The calculation flow starts at the account plan <row> level and follows a bubble-up method:
1. Resolve the origin of values, and pick the correct set for the row + version calculation.
Different account plans will have different value sets. As an example an “acquisition”
account plan, will only have a “unit-price” value, while a “maintain-renew-and-restore”

plan will have the values “amount”, “unit-price”, “lifetime”, “maintenance” and
“restore” values to calculate from. It is at this level that prerequisites and inflation rates
are applied.

2. Calculate the acquisition cost (if relevant), and the indexed values, throughout the
calculation period. Repeat this for each selected version.

3. While there are differences on the row level, results can now be treated uniformly from
here on up. Sub-group results are simply sums of the underlying rows, main-group
results sum up the sub-groups, and on the account plan level, main-groups are summed
up as the top level of results of the plans.

4. The account plan results are then summed up and posted in the categories as described
in the result groups.

Although the application has at the outset adopted the SfB classification scheme, the application
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is fully open to other classification schemes. Rather than waiting for a national committee to
form consensus on a new national classification scheme for building parts, a choice was made to
store data in an editable structure that can be customized at run time by the user. Consequently,
the data files has been flagged in order to mark elements as ‘locked’, and the GUI edit features
are turned off accordingly.

6. Conclusion

The principles of lifecycle costing or whole-life costing has been around for decades, but the
implementation of the principles has been modest or even weak despite the obvious advantages
of integrating maintenance, operation and management aspect into the design of new buildings
and facilities. Based on the methodology of structured analysis and agile software development
methodology, this paper reviewed existing tools and discussed (some of) the design choices and
summarised lessons learned from the development of LCCbyg — a new tool for lifecycle costing
launched in its first version by the Danish government in early 2015.

First, this paper provided a typology of existing tools into three categories with distinct
characteristics and associated benefits and drawbacks: 1) Spreadsheets, 2) stand-alone
applications, and 3) web services. A fourth type — apps for mobile platforms — is not yet
relevant as a calculation tool.

Second, while the software interface only displays limited unique features and functionalities
compared to other available tools, the data model inherent in the tool provides a number of
unique design choices. These design choices make the tool highly robust to future development;
incorporate a fully open standard in XML format for easy exchange with other applications;
provide the users with a high degree of adaptability to their specific requirements; and reduce
the need for an elaborate classification scheme for cost and building components that would
otherwise severely restrict the adaptability of the tool.
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Abstract

The low or zero carbon building (LZCB) approach has been promoted in many countries,
however, the claimed environmental, social and economic benefits from utilizing this
approach are often impaired or unrealized. Traditional organizational business models face
challenges in the delivery of LZCBs, and require re-thinking in order to create and sustain
competitiveness and economic value. However, there is a deficiency of previous research into
the commercial viability of LZCB from the perspective of business model. The aim of this
paper is thus to develop a conceptual model of business model innovation for LZCB, and to
identify archetypes of business model innovations for LZCB and their general development
trend over the study period. The research was carried out through a meta-analysis of the
literature of business model and LZCB. Evidence was collected and examined from 98
empirical studies of business strategies and processes for LZCB and industrial or corporate
reports on LZCB published during the period 1996 - 2015. Through analysing the collected
qualitative data using Nvivo 10 and HistCite™, the paper develops a conceptual framework
of business model innovation for LZCB, which compasses three core components: value
proposition, value delivery and creation, and value capture. Business model innovations are
explored from these three core components respectively to describe common patterns and
mechanisms of business model innovations for LZCB. The evolution of business model is
tracked based on the qualitative analysis of LZCB projects of industry players over a
twenty-year period (1996-2015). The results show that organizations generally adopt three
interrelated innovative approaches to promoting LZCB, namely, reconfiguration of value
proposition for customers, reconstruction of delivery mode and stakeholder network, and
innovation of revenue generation logic. The archetypes of business model innovation and
business model evolution path support the successful delivery of LZCBs. The findings
contribute to a systematic understanding of the relationships between business model and
LZCB.

Keywords: Business Model, Low Carbon Building, Zero Carbon Building, Innovation, Data
Mining
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1. Introduction

The term “business model’ has gained substantial attention in literature and industry since the
emergence of e-business and the so-called new economy boomed. Recent management and
business literature has widely used this term as an effective management tool for companies’
value creation and company performance (Osterwalder, Pigneur et al. 2005, Bocken, Short et al.
2014). Broadly speaking, two types of uses of this concept are identified. On the one hand, the
concept articulates a series of activities between different ‘building blocks’ to produce a
proposition that can generate value for customers. Business model is closely related to a
company’s competitive advantage and expresses the business logic of a specific company
through designing business products, services and activities (Rasmussen 2007, APEC 2009).
One the other hand, the business model construct has been utilized in the facilitation of
technologies or innovations (e.g. Chesbrough and Rosenbloom 2002, Zott, Amit et al. 2010). An
appropriate business model can increase the market attractiveness of a technology and transform
certain attributes of innovation into sources of the economic value creation (Bohnsack, Pinkse et
al. 2014). In this view, “progressive refinements” to business model (Demil and Lecocq 2010)
I.e. business model innovations are required to adapt to the external environment and/or to
create a competitive advantage.

The construction industry, nevertheless, is a sector where the concept of business model seems
to be far underdeveloped. Discussions of business model in the construction industry are mostly
embedded in the literature of competitive advantage, strategic management, and innovation. The
building industry holds the promise to reduce carbon emissions and improve energy efficiency
due to the enormous energy consumption the industry accounts for. According to IEA (2014),
building blocks consume 32% of the total energy use worldwide. The carbon emissions of
buildings are predicted to reach 42.4 billion tonnes in 2035 due to the continuous increase of
buildings and the growing expectation of building services by occupants (USEIA 2014). A wide
range of technological innovations, such as energy efficient technologies, renewable
technologies, and microgeneration technologies, can be potentially used as a part of the solution
for achieving low or zero carbon targets. Despite the conceptualisation of technical rationality,
low or zero carbon buildings (LZCBs) still face challenges in penetrating mainstream building
markets. The problems faced by business practitioners include that LZCBs challenge prevailing
construction practices (Johnson and Suskewicz 2009), the lack of customer preferences and
market attractiveness (ZCH 2010), and the requirement for new knowledge, experience and
managerial expertise associated with LZCB (Pless, Scheib et al. 2014). It has been argued that,
firms need different business models to address these problems and come up with new sources
to generate economic value in addition to their contribution to environmental sustainability
(Chesbrough 2007). However, the emerging ‘LZCB sector’ is still in search of viable business
models. Various business models are being simultaneously experimented, trial-and-error learned
within and across early adopters (Sosha, Trevinyo-Rodriguez et al. 2010, Teece 2010).

Compared to the widely reported benefits and up-take barriers of LZCBs, there is quite limited
understanding of the building companies’ business models for the uptake of LZCBs. Firms’
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processes of business model innovation and evolution is still vague. This paper thus aims to
address these knowledge gaps by exploring the general development trend of literature in the
fields of business model and innovation, the conceptual framework of business model
innovation and its main constituents, main archetypes of business model innovation for LZCBs,
and the evolution roadmap of business model evolution for LZCBs. The paper develops a
structured approach to extracting and creating value from LZCBs by innovative business
models. The research on which this paper reports was carried out through a meta-analysis of
scholarly publications and LZCB project reports of key industry actors in the field of business
model.

2. Methodology

This section describes the methodological approach which systematically locates and analyses
the research related to business model in the field of LZCBs, from both academic journal
publications and reports and magazines of industry and key project players. As shown in Figure
1, the research on business model not only explored and identified research thematic objects
with classical approach, but also processed and structured the thematic objects and bibliographic
data with text mining techniques. The two approaches are interrelated and mutually enforced
with continuous feedback loops.

At Stage One, four criteria were applied in the literature survey to determine the research scope
and time framework. To retrieve the bibliographic data, first, the term *business model’ is
included in the title of the paper. In view of massive articles on the subject of business strategy
and business management, the search eliminates papers that only make an incidental references
to business model. Second, to ensure the quality of the data, scholarly peer reviewed articles
were retrieved from the Web of knowledge database, while proceedings, book reviews,
commentaries, reports, and working papers were excluded. Third, since the research focus is
LZCBs, the research areas were limited to “business economics”, “engineering”, “operations
research management science”, “energy fuels”, “environmental sciences ecology” and
“construction building technology”. The journals that have no concern on the construction
sector were eliminated from the search results. Fourth, since the nature of the research is
primarily empirical, the paper searched for and extracted business cases for LZCB projects,
covering trade magazines and corporate/project reports, which provides detailed descriptions of
LZCB projects and associated business models, and offers insights into perceptions and
business strategies towards LZCBs. The search period starts from year 1996 when the number
of LZCBs increased at a clear growth rate (see Pan and Ning 2014).

To conduct meta-analysis of the data retrieved at Stage 1, a two-phase approach was applied in
the following 3 stages. At the first phase (Stage 1 and 2), the bibliographic data from Web of
Knowledge was analysed with HistCite™ software to give an overview of the research field
over the study period. The abstracts and author keywords were further analysed to extract the
most frequent terms and phases. The results indicate the main themes and components of
business model innovation, which provide a comprehensive basis for the development of the
conceptual model of business model innovation.
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Figure 1. A meta-analysis-based process model adopted in the paper

At the second phase (Stage 3 and 4), qualitative data analysis software Nvivo 10 was used to
organize and analyze data of empirical studies from academic articles and trade
periodical/reports. First, the information that connects to the main components of business
model innovation was labelled and structured according to the conceptual model. The objective
of this step is to derive the archetypes of business model innovation in the context of LZCBs.
Second, the occurrence number of business model innovations at the core themes of business
model innovation will be counted and statistical analysed to give an overview of the
development trend of the identified archetypes of business model innovations. Business models
of large firms and small and medium enterprises (SMEs) that have delivered LZCBs were traced
over the timeline in order to generate the roadmap of business model evolution regarding LZCB
development. The contingent events were also identified, the effects of which were examined by
exploring the explanatory power of the events on the LZCB market evolution in chronological
order.

3. Findings

The main findings of the study are presented in this section, which are centered on the general
trend of business model, the conceptual model of business model innovation based on the
dominant themes emerged from bibliometric analysis, and the archetypes of business model
innovation for LZCB and their evolution.

3.1 Profile of research on business model and LZCB

Before exploring the theoretical framework and archetypes of business model innovation for
LZCBs, the paper detects the origins and particularly the surge of the business model
documents. The paper searched the titles of scholar articles in the Web of Knowledge database
for the word string "business model". The number of the search results is shown in Figure 2.
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According to the search criteria and screening process, the search results include 483 articles
published in 299 journals in the field of business model in total from 1996 to 2015. The query
suggests that the term “business model” rose to prominence until the middle of 1990s in the
construction sector, though it appeared in an academic article in 1957 (Bellman, Clark et al.
1957). A general growth trend can be observed in the publications on the topic of business
model.

In the field of LZCB, the paper identified 639 papers that featured “low OR zero carbon OR
carbon neutral* OR sustainab*” and “building OR home OR hous* OR project” in their titles.
There is a significant trend of growth of the number of academic articles during year 1986 and
2005. Most of the articles that reported the environmental aspect only focused on the element of
carbon emissions or energy consumption. The contribution of LZCBs on the environmental
aspect was consistently the main theme of the majority of the articles.

In the field of intersections between business model and LZCB, however, a limited number of
articles can be obtained from the database. After the screening process, a total of 98 articles
were retrieved from the database, which were validated to be concerned with the business
models of LZCB. The results of this step illuminate the knowledge gap on business model for
LZCB, and generate the first inputs for generating a conceptual framework of business model
innovation.

3.2 A conceptual framework of business model innovation

The components and process of business model innovation have been emphasized and widely
studied in the recent decade. In the business and management discipline, the literature in this
stream examines the innovations of business model from two perspectives: activity-based
approach and value chain-based approach. The activity-based approach characterizes the
innovations of business model as a system of interdependent activities reacting to environmental
changes. Afuah (2004) described a business model as the set of activities a firm performs, the
way the company performs them and complemented assets supported these activities. Zott and
Amit (2010) defined the term “business model’ as an activity system supported by the focal firm
and its partners. Artto, Wikstrém et al. (2008) analyzed business models of project-based firms,
and identified the impacts of services on business model innovation from the project delivery
process.

The other stream of research conceptualises business model innovation as a flow of value chain.
Osterwalder and Pigneur (2010) described a business model as “the rationale of how an
organization creates, delivers, and captures value”. Lenssen, Bocken et al. (2013) developed a
value mapping tool for sustainable business model, and examined the business model
innovation by mapping the value captured, missed, destroyed and opportunities of
sustainability. Demil and Lecocq (2010) developed a RCOV framework of business model
(resources & components, value proposition, organization) and viewed business model
evolution as fine-tuning process involving changes both within and between its main
components.
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Figure 2. Recent development of research in the field of business model and LZCB over the
timeline

While the two dominants logics of business model innovation have been established in the
management discipline, the novel part of this section is to verify the theoretical assumption in
the field of LZCBs through text mining of abstract phases and keywords in the bibliographic
data derived at Step 1, and to identify recent themes/components of business model innovation
for LZCBs. Figure 3 shows a word cloud map and a frequency table of the top 50 terms.

Figure 3 and Table 1 show the key areas of business research on LZCBs. Topic related
words (sustainable, building, business, model, innovation, project, green, etc.) and

stopwords (using, based, provide, study, paper) were removed since they are general and
display no content.
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Figure 3. Word clouds of top frequent terms from 1996 to 2015
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Table 1. Frequency table of top 32 terms in abstracts and keywords

Terms Frequency | Terms Frequency | Terms Frequency
develops 194 | production 61 | operation 49
design 115 | service 59 | household 49
environmentally 93 | cost 56 | urban 49
managing 71 | systems 55 | construction 48
industry 66 | economic 55 | city 47
value 64 | social 54 | markets 45
technology 62 | efficiency 53 | environments 44
policy 62 | governments 53 | organizations 44
pricing 62 | process 52 | engineering 39
performance 57 | plans 49

The terms *“household”, “market”, “value”, “performance”, *“service”, and
“environmental” closely relate to products/ services that are provided to the
customer/occupants sector, i.e. ‘value proposition’. Terms such as “plans”, “develop”,
“design”, “manage”, “construction”, “organization”, “engineering”, and “process”
describe the delivery process of LZCB projects, and organizations and stakeholders that
are involved in the value delivery process. This category of terms can be attributed to
“value delivery and creation”. “Value capture’ is another element that was emphasized
in Table 1. “Pricing”, “cost”, “economic”, “urban”, “government”, and “market” portray
the structure of cost and revenue, which include building scales, pricing and financing
strategies, government incentives, and any additional incomes. Combining the
analytical results above, the paper structured the conceptual model of business model
innovation for LZCB as three interrelated components: value proposition, value delivery
and creation, and value capture, as shown in Figure 4.

Value
proposition

Value
capture

Value delivery
and creation

Figure 4. Canceptual madel of business madel innovation for LZCB

147



3.3 Business model innovations for LZCB: archetypes and evolution

Firms’ experiences and related complemented resources and networks in empirical studies were
examined in this section. Based on the developed conceptual model mentioned above,
archetypes of business model innovations have been identified from the three main components
respectively. The archetypes in the category of ‘value proposition’ (LZCBs and related services
provided to target customers) can be distinguished from variations in building types/purposes,
scales and contents of product/service. For the “value delivery and creation’, this paper tracked
changes in the modes of LZCB development and delivery, and associated stakeholder networks.
The activities in the value creation process depend upon the range of value proposition, may
cover the land acquisition, design, preconstruction, construction, operation, demolishment and
recycling phases. With regard to the ‘value capture’, this paper explores how LZCBs were
brought to the market, how firms compensate cost from the revenues schemes, and whether
there were financing reimbursements and government incentives supporting LZCBs. The
archetypes in the three categories are summarized in Figure 5.

Project delivery process

- Collaborative design

- Life cycle oriented

- Design-build

- Integrated solution

Stakeholder network

- Partnership OR Stewardship OR Joint venture

- Energy supply OR performance contracting
)

p
LValue proposition <—-tVa|ue delivery and creationJ

\[ Value capture ]/

Cost and revenue model

- Leasing of equipment, scale effect of cost

- Green building labelling vs. rental/selling price
increase vs. service charge on energy performance
management vs. On-bill financing

Financing scheme

- Government incentives/feed-in remuneration vs.
crowd financing

Product/service content

- Building product

- Extended service at operation/maintenance
- Performance-oriented service

Building type and scale

- Office OR residential OR infrastructure

- Single building OR community vs. urban

Figure 5. Main archetypes of business model innovation for LZCB

Value proposed to building owners and occupants locates at the centre of a business model
structure. Evidence from studies proved a range of -0.4%-12.5% higher building cost for LZCB
compared to conventional code-compliant buildings (WGBC, 2013). To prove the LZCB assets
value to customer and improve customer acceptance is therefore the foremost issue for
developers. Depends on the building type and purpose, higher sale prices/lease rates, lower life
cycle cost, and improved indoor air quality and resulted improved productivity have been
demonstrated in various resources. In addition, supported by product service system theory,
companies have extended their value proposition from building itself to a combination of
building products and services in operation and maintenance stage. In this way, developers have
shifted customers’ focus from building ownership to use-based functionality. Measured by the
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building scale addressed, the majority (63%; 75) of the identified articles targeted their research
object to a single building, and some (17 and 21 respectively) examined community scale LZCB
and urban scale LZCB. The identified research by building type was mainly contributed by the
articles examining residential buildings (38%; 45) and the commercial buildings (35%; 41),
with marginal contribution from those studying multipurpose buildings (7%; 9). Among the
studies addressing the product or service provided to end-users, aside from the vast majority of
research addressing LZCB itself, one half (50%; 59) examined the extended service provided to
customers in a building’s life cycle process. This result reveals the significance of
customer-oriented service after commission, which is consistent with the emphasis of the group
of articles regarding users’ concerns on building performance (47%; 56).

To successfully deliver LZCBs in the value creation process, companies should make full use of
available resources and capabilities within project delivery processes and stakeholder networks.
Key strategies in the delivery process identified from the dataset include: collaborative design,
integrated solution, proactive contracting, value recycle from ‘waste’, and design-build mode
etc. Since most building stakeholders’ knowledge on LZCB is minimal at current stage. To
design functionally low or zero carbon, the collaborative inputs of all specialists are proved to
be successful in multiple projects. Opinions are sought from clients, designers, architects,
community and end-users to optimize design solution for best performance. In addition,
proactive contracting such as design-build mode has been adopted in LZCBs project to
maximize contractors’ inputs and improve the project time performance. Correspondingly, firm
actively expand its stakeholder network through partnership, stewardship and Joint Venture. To
proactively engage with stakeholders and keep a stable long-term relationship, companies have
managed to improve the cost efficiency, and maximised its positive societal and environmental
impacts.

By project delivery process, the largest group of the business model articles for LZCB focused
on the examination of design stage (52%; 61), followed by the group mentioning the
construction stage (38%; 45), and operation and maintenance stage (24%; 61), while very few
examined business models of LZCB from the supply chain and project planning stage. The
collaborative design and integrated solution are emphasized in the articles examining design
stage and delivery mode, the number of which reach about two fifth (52) of articles. Moreover,
the life cycle oriented solution is another salient point in the literature, almost one third of the
articles were concerned with the lifecycle impact of LZCB and life cycle oriented design.

Innovative financing and revenue schemes help create LZCB case if these innovations help to
overcome the relatively higher upfront cost. Aside from loans and government incentives for
low or zero carbon, new schemes have been employed, such as equipment leasing, crowd
financing, pay-per-use, ESCO model, and green building benchmarking. Over one third (44;
37%) of the articles addressed the governments’ role in the delivery of LZCB, which includes
government incentives, feed-in tariff schemes, and remuneration. While a relatively small
number of articles have reported the use of utility manager (17) (such as ESCO) in the operation
stage and the green building labelling (11) as innovative revenue models.
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From qualitative analysis of LZCB practices of key industry players over the timeline, firms
generally take their existing business model for conventional building projects as a starting
point to incremental adjust and refine, in order to bring LZCBs in their business domains. Due
to variations of firms’ scales, history backgrounds and complemented assets, firms have
different abilities to tap into LZCB business and react to change initiatives at external
environment. Incumbents and entrepreneurial firms adopt different. Relying on the economies
of scale and well-developed partnership network, large established firms have ability to
experiment LZCB projects with multiple business models simultaneously, fine-tune and select
the standard business model for LZCB in future. The future target of these firms is to achieve
production scales with LZCB and optimize cost efficiency.

Compared to large incumbents, small and medium-sized enterprises (SMEs) in the building
sector are less constrained by their dominant business model. The novelty is their main value
proposition for customers. However, due to the relatively vulnerable customer base and assets,
they are more susceptible to external incentives and contingent events. Generally, SMEs are
most likely to test a single business model at one time. In the value delivery process, SMEs are
more agile to cooperate with outside partners, and make use of their expertise and knowledge.
For the value generation logic, SMEs have to explore innovative ways to fund the projects.
Aside from loans and capital investment, green building certification, on-bill financing, and
government incentives such as feed-in remuneration schemes and have been applied in the
financing and revenue strategies.

4. Conclusions

This paper has examined the literature of LZCB and business model and industrial practices of
LZCB during the period 1996-2015 through a structured meta-analysis. One conclusion of this
paper is that a significant knowledge gap has been identified between the fields of business
model and of LZCB with regard to their general development. This knowledge gap is evidenced
by the remarkable difference in the quantity of relevant publications. Although there has been a
general growing research interest in both the fields of business model and LZCB separately,
research that integrates the two is limited. Another conclusion of the paper is that from the
analysis of the key terms used in abstracts and keywords, three thematic focuses have emerged,
i.e. value proposition, value delivery process, and value capture. These themes together form a
conceptual framework of business model innovation for LZCB. A further conclusion of the
paper is that through the analysis of the detailed contents and empirical data, archetypes of
business model innovation have been explored from the three emerged core components. Two
different paths that large firms and SMEs have adopted to evolve their business models for
LZCB have then been identified over the timeline.

The findings of this paper illuminate effective mechanisms that firms can adopt to promote
LZCB and help detect the future trend of LZCB development. Future research should explore
the interdisciplinary field of business model innovation for LZCB, which has been identified as
a knowledge gap. It should help to track the trajectory of business model innovations and
examine their relevant impact on the delivery of LZCBs.
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Abstract

Building information modelling (BIM) is believed to improve the information management
flow through the whole life cycle of the building. In current practice, benefits of BIM are gen-
erally used at the design and construction phases. Despite the progress of BIM technologies and
practices, product data management (PDM) is neither well known nor common in the industry.
There is a need for product libraries that are software neutral including standardised data con-
tent and structure, in order to provide consistent and unbroken flows of information through the
whole life-cycle of buildings. Examples from other industries (e.g. mechanical engineering)
could encourage the development of product libraries. The product libraries that exist today for
construction projects are primarily software specific and directed to various user groups and
cause interoperability issues when used over time and between actors. Enhanced and standard-
ised libraries would potentially increase sustainability in the construction. This paper presents
the current state of BIM product libraries for the construction industry (in BIM mature coun-
tries) in the context of information format (proprietary or open), content (generic or manufac-
turer specific), structure (level of granularity for geometry and information), provider (software
vendor, commercial, or in-house), and usage (project phase, contract type). Finally a proposed
framework with through life support is presented based on existing open international stand-
ards, life cycle phases and the high level building classification framework standard ISO 12006-
2.

Keywords: BIM, Product Library, Level of Detail, Level of Information, Life cycle support
1. Introduction

There is a growing interest in developing product libraries internationally. The actors are na-
tional bodies, manufacturers and specialist companies who see a potential in the market, but do
not address the issue of production and distribution of product information for the emerging
open BIM software systems. The main developments of library objects, called BIM objects in
this paper, are addressing proprietary formats supporting only one or few software systems. This
increases the cost of populating product libraries as multiple formats must be supported and also
increases the difficulties maintaining them over different platforms and over time (Duddy et al.,
2013). Different contract types use generic and manufacturer specific BIM objects differently
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over the life cycle of the construction projects — and possibly also during operation and mainte-
nance, see Figure 1, which illustrates when generic and manufacturer objects are generally used
in different delivery methods during the project life cycle (Vahenurm, 2014).

Design-Bid-Build | Design | 8id | Build |

| Generic

Aanufacturer specific

I Manufacturer specific (MS)

[ Build |

Generic

MS

Manufacturer specific

Integrated Project Design

Delivery I Build I

Generic

MS

Manufacturer specific

Figure 1: Project delivery types and use of Generic and Manufacturer specific BIM objects
(Vahenurm, 2014)

There are several different types of product libraries with BIM objects available and suitable for
different phases of the construction projects, depending on the level of specialisation of
geometry and information linked to the objects in the library. Some typical examples are:

CAD/BIM libraries coming with the design software — generic BIM objects
Product type libraries compiled by different associations — standard components in
industry segments, e.g. ducts

Manufacturer’s libraries manufacturer specific products
Project libraries project specific, selected for the project
Company libraries in-house preferred, selected from old projects

These libraries have very different structures, content and formats and they have also limited
support for different levels of detail and information. There is lack of open BIM product infor-
mation in well-structured and rich information content libraries supporting the whole life cycle
of products and buildings.

1.1 Background

Several studies have been carried out regarding product libraries with the focus on accessibility
to product information from manufacturers and beneficial ways of interacting with product in-
formation (Amor et al., 2004). One of the criterions for comparison of content in the different
libraries is the level of definition (LOD) as defined by the American Institute of Architects. For
building products, this can be summarised as LOD 200 indicating the approximate size and po-
sition of a product or construction type through increasing levels of detail to LOD 400, which is
a fully detailed definition of the product/construction type to be installed. LOD 500 is reserved
for a verified on-site installation. (Duddy, et al., 2013). The problem is that there are very dif-
ferent interpretations and definitions for these concepts, as well as how and when to use them
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during the construction process. Amor et al. (2004) state that the following issues are remaining
barriers to the uptake and development of online product libraries: Products’ data representa-
tion, Extraction of data from manufacturers, Business models for online catalogues, Contex-
tual impact of project requirements, Mapping between representations, Support for prefer-
ences, Life-cycle support. Until these barriers are overcome we can expect our access to power-
ful online identification and incorporation of manufactured product information to be severely
constrained (Amor et al., 2004).

1.2 Purpose and Method

This study is focusing on presenting the current state of BIM product libraries supporting the
construction industry and the barriers for a wider uptake. The context is information format
(proprietary or open), content (generic or manufacturer specific), structure (level of granularity
for geometry and information), provider (software vendor, commercial, or in-house), and usage
(project phase, contract type).

The research question is: How can a framework for through life support of BIM objects, based
on existing open international standards, life cycle phases and a high level building classifica-
tion framework standard, be a solution to overcome barriers to the uptake and development of
online product libraries?

Method: The study was carried out as a review of literature in journals and conferences on BIM
product libraries. Also implementations of BIM product libraries in Europe and Australia were
reviewed and analysed, as being in the forefront. Planning, implementation and operation of
product libraries were in focus. The study started in June 2014. The findings were used as re-
quirements for an object model framework for through life support of BIM objects. They were
compared with the life-cycle support for open BIM at the BIM Collaboration platform and ex-
periments carried out at KTH, Royal Institute of Technology (Tarandi, 2015).

2. Definition of used concepts

Product library — “a storage were information about products can be found and accessed.”
(Stangeland, 2013). As no formal definition exists, this can be a starting point. The content of a
Product Library should be products corresponding to BIM objects in the BIM models used in
the construction processes. The products have geometry, which can be parametric, and they can
have properties with units and values. The classification of objects and properties is vital, and is
preferably defined by a dictionary, like buildingSMART data dictionary (bSI, 2015). Today no
common guidelines or open standards for BIM object libraries are implemented and used (Palos
et al., 2014).

BIM objects - The product objects in a BIM, Building Information Model, are also called BIM
objects and they have a geometric representation of physical products and can be high-level as-
semblies at various levels of detail, including specific products (Eastman, et al., 2011). The
granularity of the BIM objects should be matched with the International framework for Con-
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struction classification 1ISO 12006-2:2014 (2014) to fit industry practice for bill of quantities
and construction planning.

3. Development of product libraries

Paper catalogues including descriptions, parameters and illustrations were substituted with elec-
tronic online product libraries (Amor, Jain & Augenbroe, 2004) when information technology
solutions improved. Today, several providers have started to offer online BIM orientated prod-
uct libraries which include BIM objects with different levels of geometry and information.
Some examples are NBS National BIM Library, BIMcomponents, BIMobject, and SmartBIM.
More BIM libraries are presented in Table 2. The product libraries that exist today are primarily
software specific and directed to various user groups (Palos et al., 2014 p. 59).

There are several ways how to categorise Product Libraries. Succar (2009) states that inter-
change can occur in three main ways; proprietary (e.g. Revit file — RVT), open-proprietary (e.g.
DWEF and many XML schemas), and non-proprietary which is open (e.g. IFC and CIS/2). This
paper categorises Product Libraries by the following:

1. Content — Products (objects) can be (Stangeland, 2013):
a. Generic
b. Manufacturer specific
2. Content’s format
a. Libraries containing PDF sheets and/or 2D drawings in e.g. PDF, DWG formats
b. Proprietary Product Libraries — 2D & 3D CAD and BIM software specific for-
mats like DWG, RVT etc. Here also the open — proprietary formats ca be in-
cluded
c. Non-proprietary Open Standard Product Libraries — e.g. IFC, bSDD formats
d. Multiplatform Product Libraries — Proprietary and open formats mixed
3. Provider
a. Software vendors
b. Associations (e.g. ventilation product manufacturers)
c. Commercial providers — manufacturers, suppliers, wholesalers
d. Private AEC companies — have created in-house Product Libraries

The Manufacturer specific products can be designed and produced in alternative ways, and this
influence when they have to be ordered and when they can be delivered to the construction site.
MTO (made-to-order) components are usually produced as needed due to the short shelf-life
and high inventory costs. ETO (engineered-to-order) elements involve more specific design,
while the suppliers of MTS (made-to-stock) and MTO components are rarely involved in instal-
lation phase as the components are designed for general use. Generally the elements available
on BIM platforms are generic and do not describe specific manufacturer’s components and do
not include product specific information. Product type from a manufacturing and supply chain
point of view is also influencing the accessibility of the product information. They are ETO, fol-
lowed by MTO, and then ATO (assembled-to-order), finally MTS products, as shown in Table 1
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(Zeng et al., 2015). It is based on CODP (Customer Order Decoupling Point) classification

thinking.
Table 1: Types of product, according to CODP, after Zeng et al. (2015)

copp Product Example Lead Time Stock

ETO Power distribution equipment, long no
Preassembled rebar components

MTO cast-in-place concrete, long/short no
prefabricated panels

ATO doors, windows short yes

MTS consumables such as bricks, bolts  short yes

Several countries, including UK and Australia, have set requirements or recommended to adopt
BIM in the public projects. This has initiated another form of product libraries supported by na-
tional institutions. One example of Open standard libraries is IFC Product Libraries that are
supported by product information from templates and bSDD (Stangeland, 2013). Table 2 below
is an overview of proprietary and multiplatform Product Libraries. Work by Eastman et al.
(2011) has been updated.

Table 2: Overview of Proprietary and Multiplatform Product Libraries

Modelling Formatof | Portal Links
environment | content
Proprietary | Graphisoft Ar- | ArchiCad BIMcomponents | https://bimcomponents.com/
Product Li- chiCad
braries -
Autodesk Revit, Auto- | Autodesk Seek | http://seek.autodesk.com/
Revit Cad Arcat http://www.arcat.com/
RevitCity http://www.revitcity.com/
SmartBIM http://library.smartbim.com/
MagiCAD https://portal.magicad.com/
Nemetschek Vectorworks | Vectorworks http://www.vectorworks.net/
Vectorworks
Bentley Sys- Bentley/ MicroStation http.//www.bentley.com/en-
tems AECOsim US/Products/microstation+product+li
ne/
Tekla Struc- Tekla Tekla Ware- https://warehouse.tekla.com
tures house
Multiplatform AECOsim, NBS National http://www.nationalbimlibrary.com/
Product Li- ArchiCad, BIM Library
braries IFC, Revit, (UK)
Tekla, Vec-
torworks
ArchiCad, BIMobject http://bimobject.com/
IFC,Revit,
SketchUp,
etc
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4. Standards

Standardisation is especially important for product libraries, as there often is a change of actors
when going from design to supplier specific products in the BIM (Berlo et al., 2015). Palos et
al., (2014) state that there is a great need for a product library standard in the construction indus-
try. The purpose of the standard is to determine what products should be contained in the librar-
ies, what properties are required and how libraries are supported by different classification sys-
tems (Palos, et al., 2014). Also Nummelin et al. (2011) state that enhanced and standardised li-
braries would potentially increase sustainability in the construction industry. Three important
standards/groups of standards for BIM product libraries are described in the following para-
graphs.

4.1 1SO 12006-2

Internationally, the ISO 12006-2:2014 (1SO, 2014) standard is a framework for classification for
organising the information about construction works. It defines the granularity of building ele-
ments, work results and products to fit the manufacturers’ products and their classifications.

({ganizaﬂun model?
User activity
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2 Construction
Built space @—‘ — complex
defined by T _ aggregate of
iy part of &
view on
Work result ———————] Construction result c Construction entity
results in partof T
O Construction 5
element i
| part of
Construction occurs during part of
B 3 Management
process lifecycle =
controls
— &
Construction Construction . -
i apre_deﬂgn -
uses
Construction aid Q) 0} Design process
Construction
resource
Construction agent (e Y Production process
Construction e ‘e Maintenance
information process

Figure 2: 1ISO 12006-2:2014 (1SO, 2014) Construction product in relation to Construction re-
source
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The standard is for “Organisation of information about construction works and is implemented
in many national classification systems” (ISO, 2014). The Construction product entity is a Con-
struction resource with a relation to the Construction result, which can be a Construction com-
plex (e.g. airport), entity (building) or element (window). In Figure 2 the Construction product
is highlighted.

4.2 buildingSMART International open standards

buildingSMART International (bSl) is a worldwide standardisation organisation driving the
transformation of the built environment through creation and adoption of open, international
standards (bSlI, 2015). IFC is a building product data model for building planning, design, con-
struction and management (Eastman, et al., 2011). In addition to IFC and bSDD (IFD), build-
iNngSMART has three other basic methodology standards, Information Delivery Manual (IDM),
BIM Collaboration Format (BCF) and Model View Definitions (MVD).

ISO 12006-3:2007 (2007) “Building construction — Organisation of information about construc-
tion works — Part 3: Framework for object-oriented information” is known as buildingSMART
Data Dictionary (bSDD) and describes the meaning of information that is exchanged.

4.3 PLCS, Product LifeCycle Support

The business objects in PLCS, 1SO 10303-239 (ISO, 2012) cover the whole life cycle for prod-
ucts, with the goal to support the maintenance, influence the design, development and produc-
tion for maintainability and finally influence the requirement improvements for the coming pro-
jects.

5. Levels of development, detail and information

While the concept of LOD is gaining popularity as more projects are required to be delivered in
BIM, the definition of what LOD levels mean and how they should be used is getting more in-
terest. Moreover, there are different meanings of LOD. This can stand for Level of Develop-
ment and Level of Detail. One possible view is that Level of Development is better to represent
the LOD as it can be thought as a combination of geometry (detail) and non-geometric content
(information), while Level of Detail mainly represents the geometry. The need to properly de-
fine the concept of LOD is stated by Berlo et al. (2015). Today the industry participants are still
asking for different LOD models and everyone has their own idea what the LOD model is. It is
not clear what kind of information should be available in a model on a particular level.

*“Level of Development is the degree to which the element’s geometry and attached information
has been thought through — the degree to which project team members may rely on the infor-
mation when using the model” (BIMForum, 2013). Berlo et al. (2015) described the Dutch Na-
tional BIM Levels of Development and the 7 levels of development as having only limited
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adoption by the industry. In a new research (Berlo & Bomhof, 2014) the result show that the
Levels of Development were used, but the names of the phases they represented could not be
agreed upon. In the collaboration between multiple partners it should be required to know exact-
ly what the model can be used for, what data in the model is definite, and what confidence level
is appropriate for the model? Level of Development (LOD) is a measure how seriously the in-
formation presented by the BIM object can be taken (McPhee, 2013). It is not a measure of the
amount or accuracy of graphical information, rather the level on trust of the data that can be as-
signed to a BIM model. It should be clear what information to have in the model to perform a
specific task (Berlo et al., 2015).

Level of Detail is a measure of the amount of information provided (quantity). Level of Devel-
opment cannot exist without Level of Detail. In reality the Level of Detail might be the highest
at the beginning of the project while the Level of Development is the lowest. This is in the stage
where the design is being sold to the client and the stake-holders. In documentation phase one
usually wants to keep Level of Detail low while Level of Development is high (McPhee, 2013).

Level of Information: UK standard PAS 1192-2 (BSI, 2013) “Specification for information
management for the capital/delivery phase of construction projects using building information
modelling” (BSI, 2013) specifies the requirements for achieving building information modelling
(BIM) Level 2, according to UK BIM implementation. PAS 1192-2 defines two components to
the level of definition:

Levels of model detail (LOD), which relates to the graphical content of models.
Levels of model information (LOI), which relates to the non-graphical content of models.

In this definition the LOI (information) is developed in parallel with the LOD (detail).
6. Life-cycle model

From a life-cycle perspective it is important to have an unbroken information flow. The differ-
ent phases of the life-cycle for a construction project and the construction itself need to be rep-
resented by several unique objects over time. The designed physical element, fulfilling require-
ments through its function, the product realising the technical solution and finally the product as
realized with its serial number (not for all products). This is studied and realized in the BIM
Collaboration Hub at KTH (Tarandi, 2011). This requires interoperability through open stand-
ards and effective product data management. The presented Plans of Work in Figure 3 are only
to be seen as examples of the life cycle stages. Many development projects are ongoing in UK
now, and several examples are taken from these like the “resolving of objects at different levels”
by Gelder (2012). The following references have been used for the diagram in Figure 3: RIBA
Plan of Work 2007 (RIBA, 2008), RIBA Plan of Work 2013 (RIBA, 2013), A report for the
Government Construction Client Group (BIM Industry Working Group, 2011) for the Data
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Figure 3: Life cycle framework based on through life support for BIM objects over all the pro-

ject phases
drops, 1SO12006-2 (ISO, 2014), and PLCS 1SO 10303-239 (ISO, 2012) for the physical ele-

ments, products — as planned and products as realized.
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The shaded fields are illustrating the plausible process phases where the different elements in
the construction complex from the building (Construction entity) down to the Construction
product — as realised - fit. Gelder (2012) explains it as “Objects at different levels in the hierar-
chy are resolved at different stages in the project timeline”. Darker grey means more plausible
than the lighter grey. At the bottom the PLCS entities, based on the studies of implementing
them in the BIM Collaboration Hub (Tarandi, 2015), are outlined over time to present where
BIM objects for different life cycle phases can be managed. The point in time when they — phys-
ical element, product and product as realized — are created and used vary depending on contract
and project type.

7. Discussion

In the study, the state of and requirements on BIM product libraries for the construction industry
gave the answer, there are many alternative developments without open formats being imple-
mented in a consequent way. The granularity standard is fundamental for linking BIM objects
from Product libraries to a life cycle supporting BIM model. Many different library types with-
out common metrics for classification of products and properties. Most of the barriers presented
by Amor et al. (2004) are still there. Some of them like Life-cycle support, Mapping between
representations, and Products’ data representation can be managed with the life-cycle frame-
work presented in paragraph 6.

Level of Development — geometric and non-geometric information are equally important (Berlo
& Bomhof, 2014), but no agreements have been made on international level on how to combine
Level of Development and Level of Detail. The information content of the BIM objects which
should capture information for different life-cycle phases matching Level of Development both
with regards to geometry and properties supporting analysis, simulation and visualisation is not
there. The following questions are still open:

How is transition between different levels of development for BIM object realised?
What information exists in current libraries?
How is information delivered to the libraries?

Also these barriers can be eliminated by the life-cycle framework as all these states and defini-
tions can find a place based on granularity, context and life-cycle phase in the framework. The
physical element in the design, the product as planned and finally the product as realized on site.

8. Conclusions

The industry should have a clear understanding of what the model should be used for, what data
in the model is definite and what confidence level it has in order to have more efficient collabo-
ration between the industry actors. The Level of Development can be seen as the degree to
which project team members may rely on the information when using the model. In Level of
Development the geometry and non-geometric information are equally important. To make this
operative in industry there is, still is, a need for continuing the work on coming to international
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agreements on how to structure these concepts and also very important — to link it to the life-
cycle of the projects. The proposed framework with through life support based on existing open
international standards, life cycle phases and the high level building classification framework
standard 1SO 12006-2 can be one way of managing the BIM objects over the projects, even be-
fore the issue of Levels of D has been resolved. The life cycle platform presented is capable to
support the unbroken information flow over all the life-cycle phases!
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Abstract

Nowadays, there is an increasing demand for sustainability in construction industry. As significant
efforts have been made on reducing operating energy, the share of embodied energy is increasing from
the lifecycle perspective. In order to reduce carbon footprint caused by embodied energy, stakeholders
should make more optimized material purchase schemes in the design stage. An environmental product
declaration (EPD) provides environmental data of a particular product, thus it can serve as an effective
tool to assist decision-makers in selecting environmentally friendly products. The aim of this paper is
illustrating how EPDs can be used to assist stakeholders in designing buildings with low-carbon
footprint. In addition, the concept of carbon footprint index (CFI) is introduced in this paper. CFI can
be used as a threshold in a green building rating system for evaluating the cradle to gate embodied
energy of a building. A two-story office building with concrete frame structure is used to illustrate the
application of EPD in selection of concrete products. The results show that selection of concrete with
low carbon footprint can reduce the CFI by 68%.

Keywords: carbon footprint, environmental product declaration, concrete, cradle to gate
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1. Introduction

Construction industry is one of the largest consumers of natural materials. According to the Worldwatch
Institute, buildings consume three billion tons of raw materials annually, accounting for 40% of the
global consumption (Roodman and Lenssen, 1995). In the United States, the situation is even more
severe, the Environmental Protection Agency (EPA) reported that the raw material consumption from
construction activities contributes to 60% of the national demand (EPA, 2012). Meanwhile, the
proportion of energy use in construction industry is higher than other sectors. According to the National
Trust for Historic Preservation (NTHP), the energy used in buildings is about 41% of U.S. primary
energy consumption, while the industrial and transportation sectors represent 30% and 29%,
respectively (NTHP, 2012).

Echoed with the large resources and energy consumption, construction industry imposes serious impacts
to the environment due to unwanted discharging, such as waste, greenhouse gas, etc. In the United
States, it is estimated that the amount of waste generated from construction related activities reached
170 million metric tons in 2003, which is equal to 1.45 kilogram per capita per day (EPA, 2009). The
large amount of construction waste may cause pollution to air, water, soil, and thus further affect human
health (Wu et al., 2013). Greenhouse gas (GHG), which is also a main emission of building operations,
is regarded as a significant cause of global warming (Buchanan and Honey, 1994). In 2002, the GHG
emission from construction industry in the United States is estimated as 131 million tons CO;
equivalents. Fuel consumption of on- and off-road construction equipment and electricity used for
providing power are regarded as the two main emitters (EPA, 2008). From the above presented figures,
it can be seen that construction industry is a significant consumer of resources and energy, and produces
a substantial amount of wastes and carbon emissions. Thus, there is an urgent necessity to develop
strategies to promote sustainability in construction industry by using less natural resources and energy
while producing less waste and carbon footprint (Zhang et al., 2014).

In the lifecycle of a building, the consumed energy can be divided into three main categories according
to its usage, namely embodied energy, operating energy, and building transportation energy (NTHP,
2012). Building transportation energy refers to the energy used to transport individuals or materials to
and from a building, while operating energy is utilized to make building related facilities work. It has
been investigated that operating energy is the most significant component among the three categories,
accounting for 80-90% of the lifecycle consumption (Liu et al., 2012). So far, building designers have
been focusing on the reduction of operating energy in the design stage. However, as technologies have
improved energy efficiency of buildings, the proportion of operating energy is decreasing (Islam et al.,
2014). As a result, the share of embodied energy is increasing and its reduction is gradually becoming
an important aspect in decreasing building energy consumption. Embodied energy is defined as the
energy that consumed to construct a building, involving the processes of extraction, processing,
manufacture and delivery (Venkatarama Reddy and Jagadish, 2003). A stage that significantly affects
the embodied energy of a building is design stage (Shrivastava and Chini, 2012). Therefore, in order to
reduce greenhouse gas emissions caused by embodied energy, stakeholders should focus mainly on
material selection in the design stage.
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Environmental product declaration (EPD) can serve as a useful tool to assist the decision-makers in
selecting environmentally friendly materials in the design stage. An EPD is a standardized, third-party
verified document that communicates a product’s environmental data, which obtained from lifecycle
assessment, in accordance with the international standard ISO 14025 (Type Il Environmental
Declarations) (NRMCA, 2014b). By providing detailed information about the environmental impacts
of a product, EPDs can give designers the information they need to minimize embodied carbon footprint
of a building. EPD has been implied in other fields for reducing environmental impacts. For instance,
Fet et al. (2009) has utilized EPD to provide stakeholders the environmental performance of furniture.
However, the application of EPD for selecting environmentally friendly and economically efficient
construction materials is not widespread.

The aim of this paper is to illustrate the application of EPD in reducing buildings’ embodied carbon
footprint at the design stage. A carbon footprint index (CFI) is introduced to facilitate the design
determination. The focus in this study is concrete product selection because it is a main material in
construction industry and its production process involves an intensive energy demand and CO2
emission. The rest of this paper is organized as follows. Section two gives a general literature review of
current studies on carbon footprint reduction in construction and concrete. This is followed by
introducing the research method used in this study. Results and discussions are subsequently presented,
and conclusions are given at the end of the paper.

2. Literature Review
2.1 Carbon footprint reduction in construction industry

Construction industry contributes significantly to carbon footprint due to the large demand of natural
resources and energy. Metz et al. (2007) claimed that the CO, generated from construction industry
increased at an average rate of 2.7% from 1999 to 2004. To have an insightful understanding of
greenhouse gas (GHG) contribution of construction industry, many studies have been conducted to
quantify the emissions at both industrial and project levels. At the industrial level, an input-output life
cycle assessment, which is based on the whole industrial chain, has been widely implemented (Acquaye
and Duffy, 2010). At the project level, a process-based life cycle assessment method is very popular
(Wu et al., 2012). In addition to the quantity, the sources of GHG emissions were also investigated. It
is found that manufacture and transportation of construction materials, on-site electricity use, and
disposal of waste are the main activities that produce GHG emissions during construction process (Hong
etal., 2014). Moreover, a number of methodological tools have been developed for investigating carbon
emissions in construction projects, such as carbon footprint estimation tool (Melanta et al., 2012),
management information system (Barandica et al., 2013), and virtual prototyping technology (Wong et
al., 2013).

In addition to the quantification methodologies, a series of technologies have been introduced to reduce
carbon footprint in construction industry. For example, Hidalgo et al. (2008) compared a solar
absorption system with a conventional vapor-compression machine from the aspects of system
performance, economic feasibility, energy saving and environmental impact reduction. The outcome of
their comparison supported the utilization of the solar absorption system. In the aspect of heating and
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cooling, Hacker et al. (2008) conducted a case study and found that the inclusion of thermal mass can
reduce building’s lifecycle carbon emission by decreasing operational heating and cooling energy.
Recently, Zhang et al. (2014) introduced a PV-LED lighting system which produces solar photovoltaic
energy in the underground garage to substitute the traditional system. The results proved that the new
system can bring benefits in economic effectiveness and CO, reduction. Anumber of green technologies
have been introduced to mitigate environmental impact. Johnston et al. (2005) claimed that current
available technologies can reduce CO; to a large extent by strategic shifts in both energy supply and
demand sides. However, most of these technologies focus on reduction of carbon footprint due to
operation of the facilities. Researchers from both academia and practice appealed that particular focus
should be given to the design stage of facilities (Kim et al., 2013; Zhu et al., 2013).

2.2 Carbon footprint reduction for concrete

Concrete is one of the main materials with high environmental impact in construction industry. It has
been widely used in the process of making foundations, structures, infrastructures (e.g., roads, bridges,
and dams), etc. (NRMCA, 2008). The consumption of concrete is huge in many countries. For instance,
there are approximately 5,500 ready mixed concrete plants in the US, and the value of ready mixed
concrete trades is around $30 billion (NRMCA, 2013). Based on the Portland cement sales, it is
estimated that the production of ready-mixed concrete in the US is about one billion metric tons per
year (EPA, 2013). In China, the concrete consumption is tremendous as well. It is reported that the
amount of concrete production in 2007 was two billion cubic meters with an average annual growth
rate of larger than 10% (L. et al., 2007).

Concrete is composed mainly of water, aggregate, admixtures, and Portland cement. The proportion of
Portland cement in concrete is about 7% to 15% depending on the performance requirements of concrete
(NRMCA, 2008). Although concrete has a lower total energy intensity than other generally used
construction materials, cement production is a highly energy-intensive process and entails potentially
significant air and water pollution (Chini, 2009). In addition, the natural aggregates have finite resources
and concern over environmental issues oppose the production of sand and gravel by dredging huge
cavities in traditional landscape. Furthermore, the demolition of old concrete pavement and structures
produce large quantities of waste that in most cases are landfilled. It has been reported that concrete
waste occupied one third of the total wasted materials in the landfills of the US (Zhang, 2012).

Currently, as the concept of sustainable construction has motivated innovative companies, researchers,
and industrial coalitions to be more environmentally responsible, potential solutions have been
suggested to reduce the carbon footprint produced by concrete. Some highlights of the prevailing
technologies and approaches are listed as follows.

Use of supplementary cementitious materials. The traditional technologies for manufacturing
concrete have required unnecessary quantities of cement, thus consuming less cement in
production of concrete is the first step for reducing energy consumption and GHG emissions.
One solution to achieve this goal is using supplementary cementitious materials (SCMs).
SCMs are industrial byproducts which are usually end up in landfills, however, they can be
used to substitute a portion of cement in concrete production, such as fly ash, blast furnace
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slag and silica fume (NRMCA, 2008). The appropriate use of SCMs in concrete production
can consume less energy and emit less GHG. In addition, a blend of 50% or more granulated
blast furnace slag or fly ash can increase the durability of concrete products compared with
using pure Portland cement (Mehta, 2001).

Use of recycled concrete aggregates. So far, the natural resources of the earth have been
exploited to a point where the availability of gravel is scarce in some places. Furthermore,
disposal problems have risen because of excessive volume of construction and demolition
waste generation (Wu et al., 2014). As a result, there is a need to curtail the production of
concrete waste. A possible solution is recycling wasted concrete by crushing it into acceptable
sizes and removing impurities such as rebar, PVC pipes, etc. Numerous studies have been
conducted utilizing recycled concrete waste to substitute natural raw materials (Chini et al.,
2001).

Design innovation of concrete products. The design of concrete products has been improved
continuously, such as design of flat slabs and voided slabs. The recent flat slabs were designed
without drops and column capitals, which can withstand greater slab loadings and allow
thinner slabs in the design (BCA, 2012). In addition, the deletion of beams allows lower floor-
to-floor heights, which contributes significantly in concrete reduction. Especially in cases
where there is no requirement for a deep suspended ceiling, flat slab construction can
minimize floor-to-floor heights (BCA, 2012). Voided slabs are a form of structural slab system
in which voids are introduced to reduce concrete usage, and in turn reduce the dead load of
the structural slab (BCA, 2012). This design contributes not only to concrete reduction
because of the voids, but also to the reduction in size of the supporting columns and foundation.

Reuse and deconstruction. The best way to preserve the embodied energy of a concrete
structure is adaptive reuse. Adaptive reuse is defined as “to leave the basic structure and fabric
of the building intact, and change its use” (Langston et al., 2008). Buildings that employ
concrete frame structural systems are well suited for adaptive reuse. Deconstruction or
disassembly of the structure can be utilized to divert the maximum amount of the structural
components from the waste stream (Chini, 2005). It is regarded that the top priority is placed
on the direct reuse of the component in new structures (Chini and Bruening, 2003). This
approach has been successfully applied in several countries (CCANZ, 2007).

Through the literature review, it can be found that the concrete industry has been dedicated to reducing
the carbon footprint of concrete products. However, the current practice is mainly focusing on the
manufacture and recycling of concrete, no attempt has been conducted on reducing carbon footprint in
the concrete product selection process. Therefore, this paper is attempting to introduce a tool for
reducing carbon footprint by optimized concrete product selection.

2.3 Environmental product declaration for concrete products

To facilitate concrete product selection, EPD is utilized in this study. As introduced in the introduction
section, an EPD can provide quantifiable data about the potential environmental impacts of a particular
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product. The typical procedure for creating an EPD is as follows. Firstly, identify product category rules
for describing how to implement life cycle assessment on a particular product. Then, perform the life
cycle assessment according to the outlined rules. Finally, input the derived life cycle assessment data
into an EPD format and create an EPD for the particular product. Usually, an EPD includes the
information about manufacturer, use of the product, and environmental data. Before its publication, a
verification must be derived from a third party.

The implementation of EPD has been encouraged in green building rating systems. For example, in the
most updated version of Leadership in Energy & Environmental Design (i.e., LEED v4), points can be
awarded if a project uses more than 20 products having their EPDs (NRMCA, 2015). As concrete has
a wide application in manufacturing construction products (e.g., columns, beams, walls), it is regarded
that concrete products with corresponding EPDs can contribute significantly to satisfying this
requirement.

In order to help concrete manufacturers meet the new requirements, the National Ready Mixed Concrete
Association (NRMCA) of the United States has operated an EPD program for guiding them to develop
draft EPDs and conducting corresponding verification. The concrete EPDs verified under this program
are all listed on the official website and free for download. An industrial wide EPD which indicates the
average environmental characteristics of 48 ready mixed concrete products is provided as well.

3. Methodology

To illustrate the application of EPD in building construction, two scenarios are proposed in this study.
The first scenario is designed to explain how to use EPD to make material selection from the
environmental perspective. In this scenario, an office building with concrete frame structure is used as
an example. This is a two-story building with twenty square reinforced concrete columns (300 mm x
300 mm) located in the grids (4.3 m x 6.1 m). Three concrete slabs which are 100 mm thick are used as
floors. The sectional and plan views of this building are presented in Figures 1 and 2.

The second scenario is proposed to introduce the concept of carbon footprint index (CFI) which can be
used as an indicator for facilitating carbon footprint reduction at design stage. In this paper, the CFl is
defined as the amount of carbon emissions due to the use of concrete to cast a square meter of
construction floor area. The calculation scope involves structural and non-structural concrete elements
in superstructure, regardless of concrete used in external works and sub-structural works such as
basements and foundations. The formula for calculating CFI is shown in Eq. 1.

CFI=CVxCFE/TA Eqg. 1
where CFI (kgCO.e/m?) is the carbon footprint index, CV is the concrete volume (m?) that used in
building the superstructure, CFE refers to the carbon footprint emission (kgCO2e) in one cubic meter

of selected concrete material, TA represents the total floor area (m?) of the superstructure.

The different values of CFI indicates various levels of carbon footprint. More specifically, the material
with a higher CFl produces more carbon footprint than the material with a lower CFI. In the
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determination process of material selection, the material with the lower CFI is preferred from the
perspective of environmental protection. This concept can be introduced into green building rating
system (e.g., LEED) to provide thresholds for different categories of buildings.
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Figure 2: Sectional view of the office building

4. Results and discussions
4.1 EPD application for selecting environmental materials

In terms of the first scenario, the basic information of the office building is shown in Table 1. From
Table 1, it can be seen that the concrete strength is various in different floors. Based on the NRMCA
member industry-wide EPD for ready mixed concrete (NRMCA, 2014a), the potential concrete
products for satisfying different strength requirements and their carbon footprint are abstracted and
presented in Table 2.
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Table 1 Basic information of the office building

Item Floor area (m?) Concrete volume (m°) Required concrete strength (MPa)
Floor 1 391.9 39.19 21

Floor 2 409.3 40.93 345

Floor 3 385.4 38.54 345

Columns 14.81 28

Total 1186.6 133.47

Table 2 Carbon footprint of potential concrete products

Strength (MPa) Range (psi) Potential products Carbon footprint (kgCO.e/m?)
21 3001-4000 4000-00-FA/SL 416.1
4000-20-FA 357.1
4000-40-FA 291.6
4000-30-SL 316.6
4000-50-SL 250.4
28 4001-5000 5000-00-FA/SL 509.1
5000-20-FA 435.6
5000-40-FA 353.9
5000-30-SL 385.1
5000-50-SL 302.4
345 5001-6000 6000-00-FA/SL 536.1
6000-20-FA 458.5
6000-40-FA 372.1
6000-30-SL 405.1
6000-50-SL 317.8

Note: the name of concrete product is given according to the following rules: the first section of the
product name indicates the range of compressive strength in psi, the second section declares the
percentage range of supplementary cementitious materials (SCM) used to manufacture the concrete
products, and the third section stands for the components of the SCM (FA is short for fly ash, while SL
represents slag).

From Table 2, it can be seen that the most environmental-friendly concrete products for different
strength levels are 4000-50-SL, 5000-50-SL, and 6000-50-SL. On the contrary, using 4000-00-FA/SL,
5000-00-FA/SL, and 6000-00-FA/SL produces the most carbon footprint.

Tables 3 and 4 show the total carbon dioxide produced using the mix designs without cementitious
materials (66,451 kgCO2e) and mixes with 50% slag (39,547 kgCO.e), respectively. Based on the results,
it can be found that various schemes of concrete product selection can make a significant difference on
carbon emission. While the selected case is just a regular office building with only three floors, the
difference can be more significant if it is a high-rise building.
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Table 3 Total global warming potential using mix designs without cementitious materials

Member Floor Material Mix Design Concrete GWP Total GWP
Area Volume Strength

m2 m3 MPa Kg Co2e per m3 Co2 Eqg. Kg
Floor1 | 391.9 39.19 4000-00-FA/SL 21 416.1 16,307
Floor 2 | 409.3 40.93 6000-00-FA/SL 345 536.1 21,943
Floor 3 | 385.4 38.54 6000-00-FA/SL 345 536.1 20,661
Columns 14.81 5000-00-FA/SL 28 509.1 7,540
Total 801.2 66,451
Carbon Footprint Index Kg Co2e/m2 829

Table 4 Total global warming potential using mix designs with 50% slag

Member Floor | Material Mix Design Concrete GWP Total GWP
Area Volume Strength

m2 m3 MPa Kg Co2e per m3 Co2 Eqg. Ton
Floor1 | 391.9 39.19 | 4000-50-SL 21 250.4 9,813
Floor 2 | 409.3 40.93 | 6000-50-SL 345 317.8 13,008
Floor3 | 385.4 38.54 | 6000-50-SL 345 317.8 12,248
Columns 14.81 | 5000-50-SL 28 302.4 4,479
Total 801.2 39,547
Carbon Footprint Index Kg Co2e/m2 49.4

GWP = Global Warming Potential
4.2 EPD application as an indicator for carbon footprint

Equation 1 was used to calculate the carbon footprint index of the building for each case. Tables 3 and
4 show that the carbon footprint index decreased from 82.9 to 49.4 Kg Co2e/m2 when the mix designs
without any cementitious materials were replaced by those with 50% slag. Ground granulated blast-
furnace slag is a byproduct of steel production and much cheaper than Portland cement. It is highly
cementitious in nature, ground to cement fineness, and hydrates like Portland cement. Substitution of
ground granulated blast furnace slag for up to 70 percent of the Portland cement in a mix has been used.
In addition, Portland cement blends containing 50% or more granulated blast furnace slag can yield
much more durable concrete products than the pure Portland cement.

The introduction of CFI can assist designers to measure and benchmark the carbon footprint of building
during the design stage to arrive at an optimal design early in the design and construction process. The

CFI can also be used as a measure of environmental impact of buildings in building rating systems.

The carbon footprint analysis in an EPD can facilitate manufacturers to understand more about the
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effects of their products to the environment, while the CFI can assist construction stakeholders in
improving the carbon footprint reduction.

5. Conclusion

The construction industry produces a significant amount of carbon footprint. As energy efficiency of
buildings has improved, the proportion of embodied carbon footprint with respect to operational energy
is increasing. An EPD of a concrete product can tell the customers how much carbon footprint can be
generated from the manufacture of this product, thus provide convenient and useful information on
materials selection with the aim of reducing embodied carbon footprint. The research findings in this
paper reveal that different schemes of materials selection can make significant difference in carbon
footprint reduction. Furthermore, the concept of CFI is introduced in this paper, which can be used at
the design stage to arrive at an optimal design as well as in a green building rating system for evaluating
the carbon footprint reduction performance of a building.

The paper contributes to illustrating the applications of EPD on carbon footprint reduction in
construction industry. Further research can be addressed to integrating building information modeling
(BIM) with EPD to simulate the effectiveness of different materials selection schemes, establishing CFI
thresholds of different materials for green building evaluation.

References

Acquaye, A.A., Duffy, A.P., 2010. Input—output analysis of Irish construction sector greenhouse gas emissions.
Building and Environment 45 (3), 784-791.

Barandica, J.M., Fernandez-Sanchez, G., Berzosa, A., Delgado, J.A., Acosta, F.J., 2013. Applying life cycle
thinking to reduce greenhouse gas emissions from road projects. Journal of Cleaner Production 57 (0),
79-91.

BCA, 2012. Sustainable Construction: A Guide on Concrete Usage Index.
<https://books.google.com/books?id=0bcclQEACAAJI> (Accessed on February 7, 2015).

Buchanan, A.H., Honey, B.G., 1994. Energy and carbon dioxide implications of building construction. Energy
and Buildings 20 (3), 205-217.

CCANZ, 2007. Concrete3 - Economic, Social, Environmental.
<http://www.ccanz.org.nz/files/documents/f00ee09a-65fc-419¢c-8581-29e4ea8a7d5d/MS%2014.pdf>
(Accessed on February 10, 2015).

Chini, A. R., 2009. Building Green with Concrete, Proceedings of the 5th International Conference on
Construction in the 21st Century, Istanbul, Turkey, May 20-22, 2009.

Chini, A. R., 2005. Deconstruction and Materials Reuse, in “Deconstruction and Materials Reuse, an International
Overview,” A. Chini Editor, International Council for Research and Innovation in Building Construction
(CIB), Publication 300, March 2005, pp 10-21.

Chini, A.R., Bruening, S.F, 2003. Deconstruction and materials reuse in the United States.
<http://www.irbnet.de/daten/iconda/CIB1303.pdf> (Accessed on December 14, 2015).

Chini, A.R., Kuo, S.-S., Armaghani, J.M., Duxbury, J.P., 2001. Test of recycled concrete aggregate in accelerated
test track. Journal of Transportation Engineering 127 (6), 486-492.

174


http://www.ccanz.org.nz/files/documents/f00ee09a-65fc-419c-8581-29e4ea8a7d5d/MS%2014.pdf
http://www.irbnet.de/daten/iconda/CIB1303.pdf

EPA, 2008. Quantifying Greenhouse Gas Emissions from Key Industrial Sectors in the United States.
<http://www.epa.gov/sectors/pdf/greenhouse-report.pdf> (Accessed on January 3, 2015).

EPA, 2009. Estimating 2003 building-related construction and demolition materials amounts.
<http://www.epa.gov/wastes/conserve/imr/cdm/pubs/cd-meas.pdf> (Accessed on January 3, 2015).

EPA, 2012. Choosing Green Materials and Products.
<http://www.epa.gov/greenhomes/SmarterMaterial Choices.htm> (Accessed on December 20, 2014).

EPA, 2013. Appendix A: Overview of portland cement and concrete.
<http://www.epa.gov/epawaste/conserve/tools/cpg/pdf/app-a.pdf> (Accessed on 18 January, 2015).

Fet, A.M., Skaar, C., Michelsen, O., 2009. Product category rules and environmental product declarations as tools
to promote sustainable products: experiences from a case study of furniture production. Clean
Technologies and Environmental Policy 11 (2), 201-207.

Hacker, J.N., De Saulles, T.P., Minson, A.J., Holmes, M.J., 2008. Embodied and operational carbon dioxide
emissions from housing: A case study on the effects of thermal mass and climate change. Energy and
Buildings 40 (3), 375-384.

Hidalgo, M.C.R., Aumente, P.R., Millan, M.1., Neumann, A.L., Mangual, R.S., 2008. Energy and carbon emission
savings in Spanish housing air-conditioning using solar driven absorption system. Applied Thermal
Engineering 28 (14-15), 1734-1744.

Hong, J., Shen, G.Q., Feng, Y., Lau, W.S.-t., Mao, C., 2014. Greenhouse gas emissions during the construction
phase of a building: a case study in China. Journal of Cleaner Production (in press).

Islam, H., Jollands, M., Setunge, S., Ahmed, I., Hague, N., 2014. Life cycle assessment and life cycle cost
implications of wall assemblages designs. Energy and Buildings 84, 33-45.

Johnston, D., Lowe, R., Bell, M., 2005. An exploration of the technical feasibility of achieving CO2 emission
reductions in excess of 60% within the UK housing stock by the year 2050. Energy Policy 33 (13), 1643-
1659.

Kim, T., Tae, S., Roh, S., 2013. Assessment of the CO2 emission and cost reduction performance of a low-carbon-
emission concrete mix design using an optimal mix design system. Renewable and Sustainable Energy
Reviews 25, 729-741.

Langston, C., Wong, FK.W., Hui, E.C.M., Shen, L.-Y., 2008. Strategic assessment of building adaptive reuse
opportunities in Hong Kong. Building and Environment 43 (10), 1709-1718.

Li, Q., Li, S., Chen, G., 2007. China - concrete construction industry - cement based materials and civil
infrastructure (CBM & ClI).
<http://enpub.fulton.asu.edu/cement/cbm_CI/CBMI_Separate Articles/Article%2012.pdf> (Accessed
on January 18, 2015).

Liu, G., Wu, Z., Hu, M., 2012. Energy Consumption and Management in Public Buildings in China: An
Investigation of Chongging. Energy Procedia 14, 1925-1930.

Mehta, P.K., 2001. Reducing the Environmental Impact of Concrete.
<http://maquinamole.net/EcoSmartconcrete.com/docs/trmehta01.pdf> (Accessed on February 3, 2015).

Melanta, S., Miller-Hooks, E., Avetisyan, H.G., 2012. Carbon footprint estimation tool for transportation
construction projects. Journal of Construction Engineering and Management 139 (5), 547-555.

Metz, B., Davidson, O.R., Bosch, P.R., Dave, R., Meyer, L.A., 2007. Contribution of working group Il to the
fourth assessment report of the intergovernmental panel on climate change. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA.

175


http://www.epa.gov/sectors/pdf/greenhouse-report.pdf
http://www.epa.gov/wastes/conserve/imr/cdm/pubs/cd-meas.pdf
http://www.epa.gov/greenhomes/SmarterMaterialChoices.htm
http://www.epa.gov/epawaste/conserve/tools/cpg/pdf/app-a.pdf
http://enpub.fulton.asu.edu/cement/cbm_CI/CBMI_Separate_Articles/Article%2012.pdf
http://maquinamole.net/EcoSmartconcrete.com/docs/trmehta01.pdf

NRMCA, 2008. Concrete CO; Fact Sheet.
<http://www.nrmca.org/greenconcrete/ CONCRETE%20C0O2%20FACT%20SHEET%20JUNE%20200
8.pdf> (Accessed on January 18, 2015).

NRMCA, 2013. Ready Mixed Concrete Production Statistics. <http://www.nrmca.org/concrete/data.asp>
(Accessed on February 2, 2015).

NRMCA, 2014a. NRMCA member industry-wide EPD for ready mixed concrete.
<http://www.nrmca.org/sustainability/EPDProgram/Downloads/NRMCA%20EPD%2010.08.2014.pdf>
(Accessed on December 12, 2014).

NRMCA, 2014b. What is an Environmental Product Declaration.
<http://www.nrmca.org/sustainability/EPDProgram/EPD.asp> (Accessed on January 13, 2015).
NRMCA, 2015. NRMCA EPD Program. <http://www.nrmca.org/sustainability/EPDProgram/#ConcretePCR>

(Accessed on 18 March 2015).

NTHP, 2012. The Greenest Building: Quantifying the Environmental Value of Building Reuse.
<http://www.preservationnation.org/information-center/sustainable-communities/green-
lab/lca/The_Greenest Building_lowres.pdf> (Accessed on January 2, 2015).

Roodman, D.M., Lenssen, N., 1995. Worldwatch Paper #124: A Building Revolution: How Ecology and Health
Concerns Are Transforming Construction. Worldwatch Institute.

Shrivastava, S., Chini, A., 2012. Using Building Information Modeling to Assess the Initial Embodied Energy of
a Building. International Journal of Construction Management 12 (1), 51-63.

Venkatarama Reddy, B.V., Jagadish, K.S., 2003. Embodied energy of common and alternative building materials
and technologies. Energy and Buildings 35 (2), 129-137.

Wong, J.K.W,, Li, H., Wang, H., Huang, T., Luo, E., Li, V., 2013. Toward low-carbon construction processes: the
visualisation of predicted emission via virtual prototyping technology. Automation in Construction 33
(0), 72-78.

Wu, H.J,, Yuan, Z.W.,, Zhang, L., Bi, J., 2012. Life cycle energy consumption and CO2 emission of an office
building in China. The international journal of life cycle assessment 17 (2), 105-118.

Wu, Z., Fan, H., Liu, G., 2013. Forecasting Construction and Demolition Waste Using Gene Expression
Programming. Journal of Computing in Civil Engineering (in press), 04014059.

Wu, Z., Yu, AT.W,, Shen, L., Liu, G., 2014. Quantifying construction and demolition waste: An analytical review.
Waste Management 34 (9), 1683-1692.

Zhang, L., 2012. Complete Recycling and Utilization of Waste Concrete Through Geopolymerization.
<http://www.cdworldmag.com/index.php/features/504-complete-recycling-and-utilization-of-waste-

concrete-through-geopolymerization> (Accessed on February 2, 2015).

Zhang, X., Wu, Z., Feng, Y., Xu, P., 2014. “Turning green into gold”: a framework for energy performance
contracting (EPC) in China's real estate industry. Journal of Cleaner Production.

Zhu, J., Chew, D.A.S,, Ly, S., Wu, W., 2013. Optimization method for building envelope design to minimize
carbon emissions of building operational energy consumption using orthogonal experimental design
(OED). Habitat International 37, 148-154.

176


http://www.nrmca.org/greenconcrete/CONCRETE%20CO2%20FACT%20SHEET%20JUNE%202008.pdf
http://www.nrmca.org/greenconcrete/CONCRETE%20CO2%20FACT%20SHEET%20JUNE%202008.pdf
http://www.nrmca.org/concrete/data.asp
http://www.nrmca.org/sustainability/EPDProgram/Downloads/NRMCA%20EPD%2010.08.2014.pdf
http://www.nrmca.org/sustainability/EPDProgram/EPD.asp
http://www.nrmca.org/sustainability/EPDProgram/#ConcretePCR
http://www.preservationnation.org/information-center/sustainable-communities/green-lab/lca/The_Greenest_Building_lowres.pdf
http://www.preservationnation.org/information-center/sustainable-communities/green-lab/lca/The_Greenest_Building_lowres.pdf
http://www.cdworldmag.com/index.php/features/504-complete-recycling-and-utilization-of-waste-concrete-through-geopolymerization
http://www.cdworldmag.com/index.php/features/504-complete-recycling-and-utilization-of-waste-concrete-through-geopolymerization

Increasing the Market Penetration of Manufactured
Green Buildings: A Research Proposal

Karen Manley,
Queensland University of Technology
k.manley@qut.edu.au
Tim Rose,

Queensland University of Technology
Tm.rose@qut.edu.au
Louise Bildsten,

Lund University
louise.bildsten@construction.lth.se

Abstract

This conceptual paper provides a desk-top study of secondary sources to outline a robust program
of research to increase the market penetration of high quality green buildings produced in
advanced manufacturing facilities. The environmental benefits of such buildings are investigated,
a theoretical approach to understanding the drivers of best practice is outlined and a field work-
method is proposed to understand the dynamic capabilities that support leading manufacturers.
An extended sociotechnical systems view of the firm is developed to guide a program of
international case studies. This paper makes a theoretical contribution to the understanding of
firm performance in an important empirical setting. Future research by the author will involve
execution of the described research program. A limitation of the paper is that the effectiveness of
the proposed theory and methods is yet to be tested empirically.

Keywords: Sustainability, buildings, off-site, socio-technical systems, Australia
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1. Introduction

There is an urgent need to improve the environmental sustainability and the whole-of-life cost of
buildings by increasing the market penetration of green buildings produced in advanced
manufacturing facilities. This requires new management theory to understand the latent variables
underpinning successful facilities internationally. The building sector represents an urgent
environmental problem because of its poor performance in energy, carbon, materials, water and
waste. It is the single largest contributor to CO, emissions among industry sectors (UNEP, 2014)
and produces more greenhouse gases than the transport sector (World Business Council for
Sustainable Development, 2009). These significant environmental problems can be efficiently
and effectively addressed through a shift to advanced manufacture of buildings and their parts,
such as modules, bathroom pods and structural insulated panels.

Advanced manufacture results in a higher quality and more sustainable asset compared to
buildings constructed on-site through manual processes (Johnsson and Meiling, 2009, Poon et al.,
2003, Monahan and Powell, 2011). However, Australian efforts to develop such an industry,
although promising, are hampered by a number of obstacles. These include social stigma, sector
resistance to radical innovation and lack of design flexibility (Steinhardt et al., 2014). In Australia,
it is estimated that less than 5% of new buildings are produced using advanced manufacturing,
while in leading countries, such as Japan, the comparable rate is 15% (Steinhardt et al., 2013a).
Although these figures indicate that market penetration is currently low, there is overwhelming
evidence that such approaches are the direction of the future (CEDA, 2014). This is because of
the strong business drivers for green buildings (WGBC, 2013) and the potential for advanced
manufacturing to deliver sustainability benefits (Kibert, 2012).

The Australian manufactured building industry has some competitive advantages, but is relatively
undeveloped in a global sense (Steinhardt et al., 2013b). The current paper provides a desk-top
study of secondary sources to outline a robust program of research to increase the market
penetration of such buildings in Australia. The proposed study aims to benchmark current best
practice globally, framed by an integrated conceptual framework. This framework is essential to
uncovering the latent drivers of excellence in this field. The proposed study addresses the research
question ‘How can factory production of buildings be optimised?’

2. Literature Review

The study will address the: conceptual problem of modernizing the STS view of the firm; the
empirical problem of reducing the impact of building engineering and operation on climate
change; the management problem of the best way to improve building quality; and the policy
problem of encouraging efficient building production and expanding export markets.

The focus of this study is residential buildings, like houses and apartments. The vast majority of
such buildings in Australia and elsewhere are constructed manually on-site. A small percentage
are produced in a factory and transported to site. The factories might produce whole buildings or
their parts. Most of these factories are not employing advanced manufacturing techniques;
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however this is the approach that leads to the most significant environmental benefits (Noguchi,
2011). The definition of advanced manufacture adopted here follows that of the Committee for
Economic Development of Australia (CEDA). CEDA recently produced an Industry Plan that
distinguishes between traditional assembly-line manufacturing based on low-cost, high-volume
production and advanced manufacturing which is ‘about variability, complexity and extensive
customisation with high value-add’ (CEDA, 2014). Advanced manufacturing directly addresses
many of the obstacles to increased market penetration of green buildings by providing (1) flexible
and sophisticated designs; and (2) detailed monitoring of whole-of-life outcomes (Noguchi,
2011).

Advanced manufacture of buildings also offers significant efficiency improvements to
substantially lift the productivity of construction processes (Kibert, 2012, Manley, 2008),
potentially doubling efficiency compared to on-site production (Eastman and Sacks, 2008). The
technologies supporting these gains include advanced numerical controlled machinery, robotic
assembly, building information models and enterprise resource planning systems. Improved
productivity is urgently needed, given that previous attempts to improve the performance of the
construction industry have had very limited success (Productivity Commission, 2014). Efficiency
improvements are in part reaped through a higher quality product that eliminates re-work (Manley
and Miller, 2014, Blismas and Wakefield, 2009). Yet the adoption of advanced manufacture in
the building sector has been slower than expected (Middleton, 2014). Recent research suggests
that this may be due to inappropriate firm-level management strategies (Brege et al., 2014). The
current study builds on those findings by developing a systems approach and employing
international comparisons that enable the identification of best practice.

UNEP (2014;16) reports that the building sector is an urgent environmental problem: (1) 30% of
energy end-use world-wide takes place within buildings; (2) 10% of the global energy supply is
consumed during the manufacture of building materials; (3) 30-40% of CO, emissions are
generated during the use phase of buildings; (4) 40-50% of the total flow of raw materials globally
is used in the manufacture of building products and components; (5) 12% of global water use
takes place in buildings; and (6) 40% of solid waste streams in developed countries comes from
building engineering and demolition. These issues must be addressed immediately if the ravages
of climate change are to be minimised.

Leading international studies show that the average cost premium for a zero-carbon building is
12.5% (WGBC, 2013), yet neither the World Green Building Council, nor the United Nations
Environment Program assess how this cost premium might be reduced by extending the use of
advanced manufacturing technologies in a factory setting to produce buildings and their parts. For
the first time, the current study will compare the cost profiles and environmental outcomes of
leading green building manufacturers internationally. By doing so, it will improve the
performance of Australian building manufacturers, thus reducing the environmental problems
outlined above.

There are persuasive statistics demonstrating the gains to be made if more buildings were
produced through advanced manufacture. For example, a recent UK study compared the
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performance of manufactured homes with those that were constructed on-site. The figures
demonstrated a 34% reduction in embodied carbon (Monahan and Powell, 2011). The proposed
study will improve (1) the success of climate change mitigation strategies; (2) Australia’s standing
in the international community; and (3) the international competitiveness of Australia’s
manufacturers of buildings and their parts.

As a traditional industry, lacking the glamour of research-intensive industries, the building and
construction industry has received limited attention from innovation analysts (Gann, 2000, Kibert,
2012). The study addresses this urgent empirical gap by focussing on a significant innovation
(advanced manufacturing) that can reduce the environmental impact of buildings and improve
efficiency. This empirical gap has occurred because of an acute shortage of rigorous research in
this area. Climate change responses are currently focused on high profile polluters such as the
coal or transport sectors, yet the building sector is the biggest polluter amongst all industry sectors
(UNEP, 2014). The proposed study directly addresses this important issue.

The proposed study addresses the efficiency and effectiveness of the built environment, where
the human population lives and where 95% are employed (Newton et al., 2009). This is achieved
by encouraging a shift in market preferences away from ‘stick-built” buildings constructed on-
site, towards the advanced manufacture of buildings and their parts. Advanced manufacture has
the twin benefits of improved environmental and productivity outcomes. Although the focus of
this study is on environmental outcomes, productivity is also improved through the ability to (1)
utilise advanced manufacturing technologies, (2) work through rain, storms and heatwaves, and
(3) recycle waste materials more efficiently. Historical data comparing buildings produced on-
site, with buildings produced in advanced manufacturing factories, shows higher labour
productivity and faster growth in the factory sector. For example, data on curtain wall production
in the U.S. between 1992 and 2002 showed a 32% growth in labour productivity in the factory
sector, while the comparable figure for on-site production was 8% (Eastman and Sacks, 2008).
Data from another study shows that producing a bathroom pod in an advanced manufacturing
facility takes one tenth the time of traditional on-site bathroom construction (Singerman, 2013).

The proposed study is likely to reduce the financial burden placed on owners and taxpayers arising
from paying too much for buildings. Cost savings will have significant ramifications for
Australian society as a whole given that the building and construction industry contributes 8% of
GDP and is the 3" largest industry division across 19 ANSZIC divisions (ABS, 2014). The
industry produces the built environment and thus has a significant impact on living standards, the
production of other goods and services, and trade. Yet, it is known as a ‘serial productivity under-
performer’ (PWC, 2013). The scale and ubiquity of the industry means that productivity
improvements will have much larger multiplier effects compared to nearly all other Australian
industries.

3. Conceptual Framework: Validation of Techniques

Conceptually, the problem at the centre of this study can be framed as inadequate diffusion of a
radical innovation (advanced building manufacture) given its potential benefits compared to
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established methods. ClI Manley is a global expert in innovation systems and has an intimate
knowledge of the evolution of systems approaches to the study of innovation (Manley, 2002, Rose
and Manley, 2014). Leading approaches include technological regimes (Nelson and Winter,
1977), technological systems (Carlsson and Stankiewicz, 1991), systems of innovation (Edquist,
1997) and STS (Trist and Bamforth, 1951, Cooper and Foster, 1971). The STS view is selected
for development here as it is the most promising for addressing the urgent environmental
problems at hand. This is because the STS view explicitly combines the linear end-points of
‘technological fix” on one hand, and ‘behavioural change’ on the other, in framing approaches to
sustainability transition problems (Geels, 2012). A STS is a multi-level concept that describes a
work system that is typically described as having four components that need to be balanced to
maximise performance: (1) goals, (2) actors, (3) technology and (4) structure (Leavitt, 1964). At
firm-level, an STS is described here as follows:

1) Goals: work is assigned to actors to achieve the goals of the firm

2) Actors: employees with different beliefs undertake tasks to achieve goals

3) Technology: physical tools are employed by the firm to help actors achieve goals
4) Structure: work is designed to help the actors and technology achieve goals

C__actors
Technology

Figure 1: Integrated STS concepts

Firm
Goals

Firm
Structure

Figure 1 shows the interconnectedness of STS components. STS theory is more than 60 years old
and has been used ubiquitously over the years, yet it is increasingly criticised for being outdated
(Eason, 2008), and too focused on information systems (Davis et al., 2014). Key authors are
calling for renewal to extend the conceptual basis of the theory and to apply it to new fields
(Eason, 2008, Davis et al., 2014). The current study addresses these gaps, building on the
integrated concepts encapsulated in Figure 1 by providing theoretical depth and currency for each
of them. It challenges the currently limited approaches to understanding STS by developing a
highly structured and detailed theory suitable for application to the built environment, based on
related management theory, which itself borrows from social psychology theory. The new theory
will aid in the understanding of the dynamic capabilities that underpin firm performance (Zollo
and Winter, 2002). The application of renewed STS theory to the built environment responds to
calls from academics in that field for theoretical approaches that combine technological and social
dimensions of change (Schweber and Harty, 2010). The outcome is valid and reliable advice for
firms to help them extend market share, based on detailed prescriptions driven by strengthened
and streamlined theory.

A taxonomy of dynamic capabilities will be provided by combining the STS literature (Trist and

Bamforth, 1951, Cooper and Foster, 1971) with more nuanced management theory, such as
planned behaviour (Ajzen et al., 2011), organisational ambidexterity (Patel et al., 2013) and user-
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producer interaction (Lundvall and Vinding, 2004). While the STS view provides a very useful
organising principle for understanding dynamic capabilities and firm performance, its integration
with more nuanced approaches, focused on each of the four individual system components, will
provide the depth required to direct real-world change. In this way, the learning routines that
underpin dynamic capabilities can be better understood and the operational relevance of the STS
view will be vastly improved. The new theory developed by this study makes a significant
contribution to the emergent field of sustainability transitions that has developed over the past 10-
15 years. A recent summary of this field emphasises the critical need for more comparative
studies, as will be undertaken here (Markard et al., 2012).

4. Approach and Methodology

The epistemological approach adopted is ‘realism’ giving rise to modified objectivist findings,
through case studies (Healy and Perry, 2000). A deductive approach is proposed, driven by
research questions within a rigorous qualitative framework. Based on existing conceptual
approaches, an integrated theory is developed to guide the case studies. The proposed study is
forecast to take 3 years to complete, as detailed below.

4.1 Stage 1: Theoretical Development: 3 months

Objective: Modernize and improve the operational relevance of the STS view by developing
measurable items drawn from related theory for each of the four components.

Method: Development will be based on the procedure pioneered by Cl Manley in earlier research
funded by the Australian Research Council (LP110200110) (Chen and Manley, 2014). A robust
and structured literature search will be undertaken, using directed content analysis (Krippendorff,
2004). Cl Manley has extensive experience with this method, leading to many significant journal
publications. She will supervise the process of sourcing, classifying and interrogating potentially
useful theories, with an RA doing the routine sourcing and classification work, and a Post-doc
examining the potential to add value to the predictive power of the initial model. The management
literature on topics relevant to the four system components will be reviewed, focussing on highly-
cited contributions in leading journals. A two-stage process will be employed, commencing with
general management literature to establish broad principles and concluding with engineering
management literature to provide relevant contextualisation. The integrity of the final integrated
result will be supported by feedback from a panel of international experts on management theory
and firm capabilities sourced from CI Manley’s extensive networks.

Contribution: An integrated theory of STS that better facilitates empirical work in the current
context.

4.2 Stage 2: Case Study Logistics: 3 months

Objective: To identify and secure interviewee firms and managers for the 15 cases; and establish
the flight, accommodation and interview schedules in each of the five countries sampled.

182



Method: Three leading firms in each of five countries will be studied, including Australia,
resulting in 15 cases. The data obtained will cover the four components of the new STS theory.
This data will describe the drivers of firm performance. Cl Manley’s experience suggests that
three firms are sufficient to get a good sample of best practice in each country. Each firm will be
a leading advanced manufacturer of green buildings, selected on the basis of advice from our
foreign collaborators regarding the firms with the largest market share. The foreign countries
themselves were selected because they are considered to be progressive in this area, based on
earlier pilot research by CI Manley in late 2014 (Steinhardt et al., 2013b). Using contacts
established by CI Manley during that study, the schedules will be developed using phone and
email communications. This work will be driven by CI Manley, overseen by the Post-doc and
actioned by the RA. ClI Manley will secure participation; the Post-doc will establish schedules
and the RA will make bookings.

Contribution: A register of 15 leading firms globally in the advanced manufacture of buildings.
4.3 Stage 3: Case Study Performance: 12 months

Objective: To efficiently and effectively conduct the case studies to help grow the Australian
green building industry.

Method: Case studies are recommended for analysis of messy empirical contexts (Eisenhardt and
Graebnew, 2007). This means contexts that are (1) significantly multidimensional, giving rise to
a large number of variables; (2) marked by interactive relationships with unclear cause and effect;
(3) impacted by situational factors in the surrounding environment; and (4) being examined from
a systems’ perspective. These conditions apply to the current research, justifying the use of case
studies.

Two senior managers from each manufacturing firm will be personally interviewed for one hour
by two researchers at the same time; Cl Manley and the Post-doc. This dual approach allows for
cross-referencing of information provided by the two managers and cross referencing of
observations across the two researchers. Personal interview enables unobtrusive observation,
augmenting word responses, particularly in relation to non-verbal cues from interviewees,
technological infrastructure and factory lay-out. Company reports will also be collected and
consulted, including performance audits, employee opinion surveys, training materials and
operation manuals. Pilot study manufacturers have indicated a willingness to share such material.
The RA will be responsible for transcribing the interview recordings and pulling salient material
from company reports. Triangulation across two managers, two senior researchers and three data
sources assures robust findings. Cl Manley’s extensive interview experience suggests that one
hour is sufficient time to reach data saturation point, after which no new material is likely to
emerge. Academic and industry partners in each foreign country have been secured to help with
the case studies.

Many of the case study firms have already been identified and secured including Broad
Sustainable Building (China), Sekisui House (Japan), Baufritz (Germany) and BoKlok
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(Ikea/Skanska in Sweden). The interviews will be semi-structured involving two phases. In the
first phase, the interviewee will be given a short questionnaire to complete, taking about 15
minutes, based on the four system components. In the second phase, open-ended questions about
each component will be discussed with the interviewee.

Contribution: 15 ‘demonstration’ case studies, each describing success factors in advanced
manufacture of green buildings, driven by integrated theory.

4.4 Stage 4: Cross Case Analysis: 3 months

Objective: To understand the role of context in the different countries and to isolate common
success factors.

Method: Directed content analysis will again be employed to review the 30 interview transcripts
and associated company documents and researcher notes, with the RA organising and reviewing
these research materials to maximise their accessibility. The identification of key variables and
initial coding categories will be driven by the novel STS theory developed earlier in the study.
NVivo, a qualitative data analysis software package, will provide a rigorous system to assist with
coding. The coding will focus on identifying themes within the theory components and will be
undertaken independently by CI Manley and the Post-doc, then cross-referenced to produce the
final result. This triangulation process will support the validity and reliability of findings. Care
will be taken to ensure that coding categories are mutually exclusive, limited in number and
clearly aligned with theory components.

Contribution: The first evaluation of pathways to environmental excellence in advanced
manufacture of green buildings internationally.

4.5 Stage 5: Theory Refinement: 3 months
Objective: To improve the value of the theory developed in Stage 1

Method: The explanatory power of the theory is reviewed by reflecting on its usefulness in the
field. Did some items seem irrelevant? Were new items indicated? Through such analysis,
contemporary empirical findings can improve the current state of theory. Analysis will again be
undertaken independently by CI Manley and the Post-doc, then cross-checked to produce an
interim result, which will be further cross-checked with an expert panel to improve validity and
reliability. The final model will be particularly relevant to the study of advanced manufacturers,
which is a very valuable research output as these manufacturers are currently being targeted by
the Australian government for development through an Industry Growth Centre. During this
stage, the RA will be working on industry magazine articles.

Contribution: A refined and contextualised management theory dedicated to an industry sector
that is of strategic significance to Australia’s future industry growth.
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4.6 Stage 6: Knowledge Diffusion Program: 12 months

Objective: To provide advice to industry for improving market penetration of advanced
manufactured green buildings and extend the academic knowledge base.

Method: Industry publications will provide research results, together with a set of normative
guidelines for firms on how to achieve environmental excellence in their advanced manufacture
of buildings. Such guidelines will be validated through feedback from an expert panel of industry
practitioners. A Capstone Symposium will also be held for industry stakeholders in the three
largest capital cities; Sydney, Melbourne and Brisbane; to share knowledge and map future
pathways to greater market penetration. The RA will play a major role in framing industry
publications and liaising with industry associations to validate guidelines and ensure appropriate
distribution, as well as providing logistical support to the Post-doc, who will organise the
Symposia under the direction of ClI Manley. This industry phase of the knowledge diffusion
program will consume six months. The academic publications will focus on the theoretical and
empirical work, and target leading management journals, as well as refereed conferences. The
Post-doc will generate the first-drafts of many of these articles. Cl Manley will draft some articles
herself and provide heavy revision for the others. Initial submission of articles will consume six
months. See ‘Communication of Results’.

Contribution: Validated industry guidelines, industry publications, Capstone Symposia,
conference papers and journal articles.

5. Conclusions

This conceptual paper was based on a desk-top study of secondary sources to justify and design
a proposed program of research. The contributions of the paper comprise (1) an assessment of the
environmental benefits of manufactured green buildings, (2) a theoretical approach to
understanding the latent drivers of best practice and (3) a field work-method to understand the
dynamic capabilities that support leading manufacturers.

The extended sociotechnical systems view of the firm developed here is both useful for the
proposed study and has more general applicability as a more nuanced approach to assessing the
capability of firms and the strength of their socio-technical systems. The current paper makes a
theoretical contribution to the understanding of firm performance in an important empirical
setting. Future research by the author will involve execution of the proposed study. A limitation
of the paper is that the effectiveness of the proposed theory and methods is yet to be tested
empirically.
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Abstract

Construction Materials Stewardship can be thought of as the range of activities that go into the
products and materials used in the infrastructure construction and maintenance process with
respect to how they impact society. In particular, Materials Stewardship examines both the
material manufacturing process and the raw materials used in addition to the deconstruction or
demolition process and the disposal of the waste products. The Construction Materials
Stewardship focuses on closing the material loop between the demolition process and the
materials manufacturing process or product reuse. By reusing or recycling construction waste
products, the quantity of raw materials required for future construction can be reduced in
addition to diverting waste away from landfills. The Construction Materials Stewardship
mission is interested in (1) drastically reducing the extraction and consumption of new non-
renewable construction materials, (2) replacing non-renewable materials with renewable ones
whenever possible, (3) achieving equilibrium in the demand and supply of renewable materials,
and (4) ultimately restoring the renewable resource base. With this framework in mind, the
research is intended to carry out these tasks in ways to maximize positive financial, social and
environmental and ecological sustainability effects, impacts and outcomes.

This paper discusses the conceptual framework for the Research Roadmap of The CIB W115
and will address the issues related to construction materials stewardship, their interrelation, and

the characteristics of the most relevant systems, processes and technologies.

Keywords: Construction, Materials, Waste, Reuse, Design
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1. Introduction

Construction Materials Stewardship can be thought of as the range of activities that go into the
products and materials used in the infrastructure construction and maintenance process with
respect to how they impact society. In particular, Materials Stewardship examines both the
material manufacturing process and the raw materials used in addition to the deconstruction or
demolition process and the disposal of the waste products. The Construction Materials
Stewardship focuses on closing the material loop between the demolition process and the
materials manufacturing process or product reuse. By reusing or recycling construction waste
products, the quantity of raw materials required for future construction can be reduced in
addition to diverting waste away from landfills.

During the construction process, a significant amount of waste can be generated based on the
materials selected due to excess supplies, errors in material selection, or damaged products.
Material Stewardship is interested in measures that can be taken to reduce these waste streams
and improve the sustainability of the facility based upon product selection. An initial aspect of
these studies looks at how existing construction materials can be used more efficiently to reduce
waste on the construction site and improve performance. A few examples of this type of
improvement can be seen in using techniques such as Lean construction to prefabricate
assemblies (Nahmens, 2012) and BIM to evaluate material locations (Wong, 2015). In addition,
further research is necessary to look at new technologies that can be applied to material
production that would result in improved environmental performance. The design of new
products has seen tremendous advancements in technologies that improve the life cycle of the
individual materials as well as reduce the pollution emissions of the building. An example of
this type of improvement is implementation of nanotechnology in concrete that improves
durability and facilitates cleaning of the surfaces (Ortiz et.al, 2009). Additionally, the
application of sustainable construction materials in which reused or recycled products are
incorporated to create an eco-material with an improved life cycle performance can be
significant (Nie and Zuo, 2003). By evaluating the individual construction materials from a
sustainable stand point, can result in modifications that can improve the life cycle properties of
the materials, increase the useful life of the products, and recognize reductions in waste along
with other environmental and economic benefits.

The waste stream generated from the life cycle of infrastructure including building, maintaining,
and end of life disposal is often referred to as Construction & Demolition (C&D) waste. Due to
the large volume of materials, such as concrete, steel, glass, and masonry, most countries track
their recycling rate separately. In the European Union, it is estimated that 850 million tons per
year or about 30% of the total waste stream is attributed to C&D waste (Fischer and Werge,
2009). This percentage of the waste stream is consistent with other developed countries in the
world as reported in previous W115 publications.

Over time, a building’s ownership and/or functionality can transition quite often. If the facility

does not have the flexibility to adapt to the new needs, the building may be demolished or left
vacant. Either case would not provide the most sustainable use of the facility. By extending the
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useful life of the facility by planning for the adaptability of new users and occupiers would
provide significant economic and environmental benefits. When a building can be initially
designed with adaptability in mind, the space and materials would be considered relative to their
life cycle and the flexibility that is needed to maximize the building’s lifetime while minimizing
disturbance to the integrity of the structure.  In addition, by designing for adaptive reuse the
building owners can more readily adjust the facility at lower costs to account for new
technologies. From an environmental perspective, any design for adaptive reuse will
demonstrate significant savings in both demolition material being landfilled in addition to the
purchase of new structural materials (Saleh & Chini, 2009). Despite the lack of initial designs
for building adaptability, a concentrated effort should be made for adjusting existing buildings
that have exceeded their current functionality to be altered to permit reuse. The added effort to
convert the facility to an adaptable structure will vary depending on the design; but should be
considered as a viable option to demolition or the construction of a new facility.

The Construction Materials Stewardship mission is interested in (1) drastically reducing the
extraction and consumption of new non-renewable construction materials, (2) replacing non-
renewable materials with renewable ones whenever possible, (3) achieving equilibrium in the
demand and supply of renewable materials, and (4) ultimately restoring the renewable resource
base. With this framework in mind, the research is intended to carry out these tasks in ways to
maximize positive financial, social and environmental and ecological sustainability effects,
impacts and outcomes.

2. Background

The percentage of Construction and Demolition (C&D) waste that is recycled varies
tremendously from country to country. Although a few countries have indicated recycle rates as
high as 90%, most countries have less than 50% recycling rates, with several as low as 10%.
Recognizing the importance of recycling C&D waste, some national legislative bodies have
implemented regulations to encourage more recycling efforts. One of the most stringent new
requirements is the EU Waste Framework Directive (European Parliament and Council, 2008)
which has established a strategy to handle waste, including a minimum of 70% of C&D waste
reuse, recycling, or material recovery by the year 2020 (Hiete, et al, 2012).

C&D waste is generated at four intervals during the life cycle of the facility or structure. First,
the site will often require some form of preparation prior to commencing any construction
activities. The initial demolition could involve clear and grubbing for an undeveloped site,
infrastructure removal for a previously occupied site, or a combination of these methods.
Second, during the construction process, excess materials are often discarded as waste. Factors
that affect this waste stream include impacts of selected materials and methods, poor
workmanship, uneconomical design, and improper material handling. Third, during the
operating phase of the building, any renovations or repairs will generate waste from the removal
of old material and excess from the new product. Finally, during the building demolition
process, all the demolished building materials are often disposed of as waste. Despite attempts
to require the recycling of materials during demolition, it is often uneconomical, time
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consuming, or impractical to sort the waste for efficient recycling. Ideally, if the building is
designed for deconstruction at the end of the life cycle, many of the challenges regarding the
sorting of the waste to an acceptable quality for reuse or recycling can be dramatically
improved.

The following is a summary of the major drivers that can influence designers to design for
deconstruction in the initial design process (Hobbs & Adams, 2012):

Environmental driver:
0 Reducing the extraction of new materials;
o Diverting waste away from landfills

- Socio-economic driver:

o0 Employment: Jobs may be lost in primary manufacturing, but some will be
created in the refurbishment of equipment and in the processing of reclaimed
materials;

o Social benefits: Benefits from reduced loss of land due to materials extraction
and landfill sites

- Political driver:

o0 Government policy on sustainability (minimization of waste, maximization of

recycled and reclaimed materials)
- Risk management:

0 Legislation, health and safety, fiscal measures encouraging minimization of
primary materials extraction and waste generation;

0 Reclassification of materials and waste

- Economic driver:

o0 Design for deconstruction increases the flexible use and adaptation of property
at a minimal future cost;

0 Reducing the whole-life environmental impact of a project and diverting waste
away from landfills

- Ethical Responsibility:

0 There is a moral responsibility to protect the natural environment and ensure
social equality when selecting products for construction.

0 Product selection and waste handling can play a significant role in the
ecological and social impacts of a business.

3. Issues

Despite the numerous advantages, the barriers to designing for deconstruction often make it
difficult for architects to incorporate material recovery procedures into the initial building
design. The following are some of the challenges faced to design for deconstruction (Hobbs &
Adams, 2012):

- Lack of legislation:

0 At present there are no legal requirements in any country for clients or
contractors to consider deconstruction at the design stage or require that waste
materials from construction or demolition be sorted for recycling.

- Human barrier:
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0 Habits: It is easier for people to carry on what they have been doing;
0 Mindset: People tend to prefer new materials to second hand ones.
- Additional design cost:

0 Additional time is often required for architects and engineers to include the

added features to make the building deconstructable.
- Procurement and contractual responsibilities:

0 The design agents may be hesitant to specify products that are not normally
used by contractors since they may become liable for the quality of the
installation due to their proprietary control of the contractor’s choice of
products.

o0 Likewise, contractors may be hesitant to select products that are not normally
recognized by the design agents since they could become liable for any
variations from the standard specifications.

- Technical barrier:

o0 Jointing systems, for example between pre-cast concrete beams, are usually

stronger than the actual beam and are very difficult to deconstruct.
- Economic barrier:

o0 Cost of individual units (tiles, paving slabs etc.) is usually low, so it is more

cost effective to buy new ones.
- Dimensional barrier:

o0 Structural units (beams, columns, etc.) are normally for one-off custom

elements with unique dimensions.
- Physical barriers:
0 Pre-and post-tensioned beam/ floors, jointing systems, natural ageing of
concrete, reinforcement corrosion, presence of coatings.
- Contamination and aesthetics of components issues:
o Contamination with pollutants (petrol, grease, grime)
- Perception and education:

0 Perception that composite and strongly bonded elements are more durable and
stronger structurally. In reality, a well-designed building that incorporates
design for deconstruction elements should pose no increased risk of structural
failure.

- Problem of storage and double-handling of materials:
o0 Transportation between sites and locations can increase reuse costs.
- Lack of markets for reusable elements or components:

0 The reusable parts are perceived as being more inferior to newly constructed

elements or components in terms of performance and quality.
- Lack of design codes/ standards/ guidelines:
0 Without consistent codes that include deconstruction, it is difficult to provide
specifications that can be met by a large variety of contractors.
- Lack of expertise:
o To carry out deconstruction and/or supervise the deconstruction process.
- Lack of project references:

0 Without good examples to follow that demonstrate the effectiveness of design
for deconstruction, it may be difficult for both design agents and contractors to
have a reference project to emulate.

An essential element in the evaluation of construction products to reduce waste and minimize
the depletion of natural resources is the initial selection of the appropriate materials. In some
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cases, existing products can be modified or used in alternative methods and thereby improve
their performance while minimizing their ecological effect. Additionally, new products should
be evaluated to ensure that their manufacture, use, and disposal will not result in further
environmental impacts. Life Cycle Analysis tools are one method that can be used to assist in
performing these evaluations. By examining the full life cycle of a product it is possible to
determine the environmental, social, and economic impact that is expected from the processing,
operation, and end of life or recycling. This method of analysis can prove useful in determining
which materials are considered sustainable. Construction Materials Stewardship is concerned
with the developing methods, strategies, and initiatives to promote the use of more sustainable
products.

Churn rate has been used to measure how often a business or building changes its operation.
When the old tenant vacates the facility, there can often be a complete demolition of the interior
and the installation of new finishes and furnishings. A significant tool in the minimization of
material waste is the design for a facility to readily transform and adapt to new tenants and
operational requirements. A critical aspect in the success of these transformations is the initial
design of the building to facilitate the easy turn over. Additionally, the appropriate materials
need to be selected that are durable and can withstand the periodic displacement. By planning
in advance to design the building for the eventual churn, significant amounts of construction
waste can be reduced.

As communities transition, often there are buildings that outlive their original design and
become vacant or abandoned. In many cases, the site will be completely demolished prior to
subsequent facilities being constructed. This building demolition results in a tremendous
amount of material being landfilled that otherwise could have been reused. The renovation or
adaptable reuse of the existing structure would provide a significant improvement from
complete demolition and additionally minimize the amount of raw materials needed for new
construction. However, changing the functional classification of a building may introduce new
regulatory conditions and perhaps require zoning consent (Langstom, 2008). Again, the early
planning for the potential adaptable reuse can have significant impacts on the economic,
ecological, and social aspects of a building.

4. Stakeholders

With regards to the construction industry, there are two groups of major stakeholders: Internal
and external stakeholders (figure 1). The internal stakeholders refers to the groups that have a
direct impact on the construction process, while the external stakeholders have more of an
impact on the internal stakeholders than they do on the actual infrastructure construction. The
internal stakeholders include project owner, clients, project leader, and core team members such
as designers, contractors, suppliers, and subcontractors. The external stakeholders include
regulators (both local and national), public community groups, financiers, the media, end users,
and special interest groups (Chinyio & Olomolaiye, 2010).
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Figure 1: Internal and External Stakeholders

With regards to Construction Materials Stewardship, the following list describes the influences
provided by the stakeholders and the perceived barriers for recycling or reuse:

- Project Owner:

(0}

- Client:

As the primary group or individual responsible for the project, the owner sets
the tone and establishes the priorities for the entire construction process.
However, the owner may argue that designing for deconstruction or requiring
more source sorting recycling programs will increase the cost of the project and
not be economically feasible. If only a small portion of the owners are
implementing these programs, it may be difficult to sell or lease the more
expensive property unless the clients demonstrate a greater need for these
requirements or the designers/contractors can perform the material recovery at
the same cost.

The group that will lease the spaces or purchase the property. In some cases,
the clients may also be the project owners. The group may argue against the
materials stewardship principles since they do not want to incur the added costs.
Unless, there is government regulations that require that they operate from an
environmentally responsible facility they will not have an even playing field
from their competition and the added costs for materials stewardship will add
an unnecessary expense.

- Project Leader:

(0}

Depending on the contractual situation, the project leader is often the individual
responsible for coordinating design and construction efforts with the owner.
With regards to materials stewardship, the project leader recognizes the need
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for added costs from the design and construction team and thus passes these
costs along to the owner. However, if the owner does not desire to pay for
these added services, then the project leader normally will not require these
services.

- Designer:

0 The design team is normally comprised of the architects and engineers
responsible for developing the drawings and specifications for the project.
They often feel that the limitations of including design for deconstruction are
from two other groups. First, is that the material suppliers do not provide
enough material options using recycled material that is of equivalent quality to
virgin products. Second, the owner may not be interested in paying the added
cost to enhance the drawings to the level needed for a structurally sound design
that can be readily deconstructed at the end of life. Thirdly they may not want
to bear additional responsibilities or risks for being the first movers to adopt
design for deconstruction concepts in view of the current lack of project
references, design codes/ standards/ guidelines.

- Contractor:

0 The contractor is responsible for the physical assembly of the infrastructure in
accordance with the design and specifications provided by the
architect/engineer. The limitations regarding infusing materials stewardship
principles into the construction are directly limited by the design, the regulatory
environment, and the market for recycled products. In other words, unless the
construction specifications specifically require the recycling operations, the
regulating authorities have policies for mandatory recycling, or there is a
financially viable market for recycled products, the contractor does not have a
strong incentive for capturing the material waste. Another common issue is that
obtaining a higher grade of recycled product can be very labor intensive or
delays the project; thereby further increasing the construction costs.

- Suppliers:

0 The suppliers include all of the material manufacturers that provide the
products necessary for the construction. This group has often argued that
developing new products using recycled materials can be costly and often there
is not an adequate consumer market to justify the expense. Additionally, when
the quality of the recycled material is inadequate, it is more difficult to develop
better quality products that would be comparable to virgin materials.

- Subcontractors:

0 Many of the basic trades that demolish or install the building materials are
conducted by subcontractors. The common barrier for subcontractors is due to
the uncertainty in performance of new products from recycled material. If the
quality is inadequate, the project may require substantial rework and incur
significant additional costs.

- Regulators (both local and national):

o0 This group includes the legislative bodies and government officials that
establish the codes and standards along with the tax laws that are applicable for
the region. Although it has been demonstrated in many countries how effective
legislation can make a significant difference in implementing materials
stewardship principles, there is often resistance from industry on excessive
legislation in a free market society. Additionally, many of the laws that would
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implement the environmentally friendly programs may require higher revenues
to administer the policies and this may be politically challenging to acquire.

Public Community Groups:
0 These groups refer to the locally organized citizens organizations that have

jurisdiction over the area of the construction project. They can provide a very
positive impact on the materials stewardship of the project by specifying that
certain demolition and recycling practices be implemented within the
community. However, if they see the recycling and reuse practices as
unnecessary expenses, then they may also have a negative impact by not
encouraging the materials stewardship practices.

Financiers:
0 This group includes the various funding sources that provide the revenue for the

project. When sustainable practices can demonstrate a financial benefit for the
project, then they are interested in encouraging implementation of the materials
stewardship policies. However, if the financial institution is not concerned with
the environmental principles then they may not be interested in the extra costs
that may be involved in recycling or reuse operations.

The Media:
0 This group includes the various news and public information agencies for a

community. Insome instances if the owner feels that the media’s positive
publicity on the material stewardship principles of the project will assist the
marketing of the project, there is a greater likeliness that recycling or reuse
operations will be implemented. However, depending on the media service, if
there is an impression that the materials stewardship principles are adding
excessive costs to the project, then it may have a negative impact on publicity.

End Users:
0 The final users of the constructed project are often referred to as the end users.

Their impact on material stewardship is often through their willingness to shop
or use the appropriate infrastructure. If the recycling or reuse operations
created added cost for the users beyond competitive service, it may cause a loss
of end users and similarly a decline in revenues for the owner.

Special Interest Groups:
o0 Organizations that are interested in promoting various causes and agendas can

be referred to as special interest groups. Depending on the environmental
preferences of the group, they can have a very positive impact on influencing
the implementation of material stewardship principles. Although, there are
likewise other groups that are more concerned with fiscal responsibility and
reducing costs that may be just as likely to have a negative impact on recycling
or reuse practices.

5. Conclusions

The expertise needed to solve these issues includes researchers and policy makers that can
collaborate with the stakeholders. The mission of Construction Materials Stewardship is to
provide the framework for this collaboration by encouraging the additional research that
practitioners need to implement the changes. By working with the policy makers, schemes can
be developed to encourage adoption of the procedures that will close the loop of the
infrastructure’s material life cycle.
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Abstract

Starting from the 1960s, concrete structures have become prevalent in Finnish construction.
This is a result mainly from urbanization and domestic housing policy in Finland which
triggered the production of prefabricated concrete buildings. Because of the huge volume of this
building stock, its renovation is also challenging in terms of resources. Approximately 11-40 %
of the repair costs of prefabricated concrete facades result from corrosion-induced damage.

A subjective methodology is required to compare different repair options technically as well as
economically including instant and life cycle costs. Essential information on the durability
properties of single buildings and their repair possibilities is gathered in condition assessments
but to estimate the residual service life of a concrete structure or to provide strategies for a large
number of buildings it is necessary to utilize predictive models. At present, a methodology to
assess the residual service life of existing buildings in practice is not available. The propagation
of corrosion on concrete facades in Finnish environmental conditions was studied by a series of
field and laboratory studies conducted on twelve residential concrete buildings located in
different parts of southern Finland. In addition, corrosion rates in concrete facades were
evaluated by long term field measurements on concrete facades under natural conditions. The
experimental results were contrasted to statistical information on 947 case buildings. This
information was used in determining critical parameters in service life modelling.

In the rising trend of renovation in the construction sector, this research will provide
information on when to initiate repairs and in what extent. Thereby, the results will enable
deciding the order of importance of renovation projects and change from reactive to proactive
maintenance. Future applications could include the establishing of alliance type contracts
between building owners and renovation specialists covering the long time span upkeep of a
large building stock.

Keywords: Concrete facades, service life, modelling, renovation strategies
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1. Introduction

Corrosion of reinforcement affects concrete structures basically either by cracking of concrete
cover caused by corrosion products or by reduction of effective steel cross-section. The
functionality of reinforcement (structural/non-structural) and the corrosion mechanism are
decisive for which effect is dominating service life. However, cracking is typically the first sign
of corrosion damage visible to the structure’s surface. Corrosion is responsible for
approximately 11-40 % of the repair costs of prefabricated concrete facades in Finland
depending on the surface finishing, and along with insufficient frost resistance, carbonation
induced corrosion is the most significant degradation mechanism of concrete buildings in
Finnish environment. The damage caused by the both mechanisms accounts for € 3.5 billion in
repair need and is increasing. It alone makes 1.8 % of the 2013 GDP of Finland. This is an
issue that cannot be solved instantly, but requires a rehabilitation plan over several years.

Private and public buildings built of concrete make up 34 % of the whole building stock in
Finland, of which almost 40 % is now 30-50 years old. The majority of the existing concrete
facades in Finland have been built in time when service life design practice was not yet
established (compared to a common service life requirement today of 50 years). The rein-
forcement service life is in Finnish guidelines (by50 2012) defined as only corrosion initiation.
This means that the target service life should be achieved by carbonation resistance alone. This
strategy withholds additional safety since no damage at all has happened yet at the chosen end
of service life. In addition in new construction carbonation can be fairly easily accounted for by
engineering concrete composition and reinforcement cover depths accordingly. Concerning
existing buildings a problem is formed since these properties are already fixed. Also, the
initiation phase is in many cases already passed. This makes the assessment of the residual
service life of these structures problematic in two ways: (i) the residual service life is, by the
definition, zero even though no damage at all has happened, (ii) there is no methods available to
evaluate the residual service life.

This research entity focuses on the service life design and maintenance strategies of existing
concrete facades in Finland. Service life extension is gained by defining the end of service life
in a new way and reliably modelling the corrosion propagation phase. It is a practical issue since
many of these concrete buildings have poor quality and ongoing degradation due to freeze-thaw
and corrosion. The residual service life of these facades cannot be estimated by carbonation
resistance since this phase has already passed. The motivation is to find a way to compare
renovation projects and to manage the ever growing renovation needs. The aim is to be able to
combine a carbonation model and an active corrosion phase model to form a larger picture of
the service life of these structures.
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2. Background
2.1 Renovation strategy for concrete facades

Renovation strategy of a built asset is tied to the business/maintenance strategy, financial
situation and future prospects of the owner. The renovation project should begin with a project
planning phase where the owner sets the requirements (technical, visual, etc.) and the budget for
the project. In particular, the owner should define the target service life for the renovation.

The options available for renovation projects can be divided into (SFS-EN 1504-9):

a) do nothing & monitor

b) re-analyse & downgrade in function
c) prevent & reduce further degradation
d) repair & protect

e) replace with new

f) demolish.

The first two options can be used in delaying and budgeting for a larger project in the future. If
utilized, these options require comprehensive survey/investigation of the condition of the
structure (Lahdensivu et al. 2013). The optimal renovation on the point of view of economy and
sustainable use of resources would include options ¢ (prevent & reduce further degradation) and
d (repair & protect). In practice, it is however far too common for the owner to only focus on
repairing visual damage without analysing properly the need for protective/preventive measures.
Cases showing high degree of degradation or obsolescent facilities or technical systems may
have to be replaced.

Another way of classifying the repair options is (by41 2007):

a) do nothing

b) preserving renovation

c) altering renovation

d) renewing of the whole structure
e) special methods.

The repair options are followed by the choice of (a set of) renovation principles. The renovation
of concrete structures in general can follow several main principles (SFS-EN 1504-9) shown in
Table 1. The selection of the renovation principle is often guided by technical, financial,
valuation and social aspects.
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Table 1:Renovation principles in SFS-EN 1504-9.

Repair principle

Protection against ingress

Moisture control

Concrete restoration

Structural strengthening

Increasing physical resistance

Resistance to chemicals

Preserving/restoring passivity

Increasing resistivity

©| © N o g & W NoE

Cathodic control

[y
©

Cathodic protection

[y
=

Control of anodic areas

2.2 Reinforcement corrosion modelling

A widely accepted description of the corrosion process of steel in concrete withholds the phases
of initiation and propagation (Tuutti 1982). The both phases can be analysed as separate entities
or combined to form a holistic view of the structure’s lifetime for the service life design
purposes. The assessment of the residual service life of corroding concrete reinforcement
requires detailed information on the corrosion mechanism, initiation, corrosion rate and
conditions which are regarded as the end of service life. The diameter and cover depth of the
corroding reinforcement as well as the type of products (rust) formed in the corrosion process
have been found to have significant impact on the formation of corrosion cracking. These
factors are critical in modelling of the residual service life of structures in active corrosion state.

Carbonation of concrete cover is behind the corrosion phenomenon in many outdoor concrete
structures, such as facades and balconies. Carbonation of concrete is a chemical reaction
between the alkaline hydrates of concrete and carbon dioxide gas, both of which are dissolved in
concrete pore water. Because carbonation is mainly controlled by the diffusion of carbon
dioxide within concrete, it is commonly modelled using the square root of time relationship,
derived from Fick’s diffusion law.

Many models have been proposed for depicting carbonation, all of which make use of the
square root of time relationship (Parrott 1987). However, empirical measurements have
indicated it to overestimate carbonation especially in cases where the concrete is exposed to rain
(Tuutti 1982, Huopainen 1997). Therefore, the square root equation should be regarded as an
upper limit for carbonation in such cases. The carbonation coefficient k is used to adjust the
model to describe the carbonation of different concretes in different environments. (Tuutti
1982).
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Another approach has been to incorporate the effect of different environments by modifying the
exponent of time (Parrott, 1987). A number of studies e.g. (Thiery et al. 2007, Hyvert et al.
2010) have been concentrated on the reaction kinetics of carbonation by utilizing physical
models. The square root equation has also been improved to distinguish between the influences
of different individual internal and external factors affecting carbonation (Neves et al. 2012),
and to isolate the influences of specific factors (fib 2006) opposed to the one parameter in Eqg.
(1). A statistical analysis of a carbonation coefficient based on field measurements has been
recently presented in Portugal (Monteiro et al. 2012) and in Finland (Lahdensivu 2012).

The main difference between the carbonation model proposed in fib model code (fib 2006) and
the one and two parameter models by Tuutti (1982) and Neves et al. (2012) is the requirement
for a specific accelerated carbonation test performed in a laboratory environment to determine
the carbonation resistance parameter. The latter models, on the other hand, are applicable in
practice based on natural carbonation measurements conducted on site.

Corrosion propagation can be modelled by (i) empirical, (ii) numerical or (iii) analytical
approaches. (Otieno et al. 2011) Empirical models are sub-divided into three types i.e.: expert
Delphic oracle models, fuzzy logic models and models based on electrical resistivity and/or
oxygen diffusion resistance of concrete. Empirical models are based on experimentally achieved
relationship between corrosion and controlling parameters (e.g. DuraCrete 2000). Three
different approaches can be used to develop numerical models: finite element method (FEM),
boundary element method (BEM) and resistor networks and transmission line method.
Numerical models rely on computational solving of larger entities by dividing them into small
elements connected to each other by boundary conditions (FEM, BEM) (e.g. Gulikers and
Raupach 2006). Analytical models apply usually thick-walled cylinder approach. Division into
cracked inner cylinder and an uncracked outer have also been developed. Analytical models are
based on the closed-form solving of mathematical equations derived from the geometry of the
problem such as concrete cracking (e.g. Goltermann 1994).

A traditional way of modelling corrosion propagation is by the corrosion rate modified by the
diameter of reinforcement and the concrete cover. (Siemes et al. 1985) The corrosion rate itself
is related to the wetness and temperature of the structure and is modelled e.g. by the potential
electrolytical resistivity of concrete (DuraCrete 2000). A way of finding information on the
corrosion propagation phase by statistically calculating backwards the age and initiation time on
existing concrete structures subjected to condition assessments has been proposed by Kolid et
al. (2014).

3. Research material and methods

The propagation of corrosion on concrete facades in Finnish environmental conditions was
studied by a series of field and laboratory studies conducted on twelve residential concrete
buildings located in different parts of southern Finland. The studies were conducted in tandem
with the normal condition assessment inspections for these buildings. In addition, the extent to
which the corrosion rates in concrete facades are affected by the outdoor environment was
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analysed using long-term (25 months) field measurements from concrete facades under natural
weather conditions. These experimental results were compared with statistical information on
947 buildings.

The condition assessment database was used in studying statistically the realized service life of
concrete facades in regard of visual damage caused by reinforcement corrosion (Kolio et al.
2014). The age at which visual corrosion damage is generally observed in concrete facades was
studied using visual damage ratings given in condition assessments. This damage rating was
used together with the age of buildings to study the time it takes for corrosion damage to
propagate.

The type and critical amount of corrosion products were studied by electron microscopy and X-
ray diffractometry on concrete and reinforcement samples from existing concrete facades on
visually damaged locations. This information was utilized in creating a service life limit for
concrete facade panels in regard of visual corrosion damage occurrence. Corrosion rate was
determined as a combined effect of weather parameters on already carbonated concrete
structures exposed to natural outdoor environment. A long term corrosion rate measurement
data was combined with weather data from the location of the measurements from the same
time period.

These in-depth studies were used to model the probable extension in residual service life given
by the active corrosion phase for existing concrete facades. The modelling approach counts
among the empirical models with statistical experimental data.

Ways of utilizing the knowledge on the corrosion propagation phase in the renovation strategy
were analysed based on acknowledged renovation intervention options or principles (SFS-EN
1504-9; by41 2007). The possible benefits from the propagation phase were analysed in regard
of timing, budgeting and prioritizing of renovation projects.

4. Results and discussion
4.1 Reinforcement corrosion modelling

This chapter discusses the service life of concrete facades in Nordic climate including the
initiation of corrosion and corrosion propagation until visual corrosion cracking occurs. The
discussion is based on studies described in chapter three.

During initiation phase the concrete cover is carbonated as a barrier and finally reaching the
steel initiating the actual corrosion process. Until this point, no actual damage has occurred at
all. In the propagation phase, as the corrosion proceeds it will eventually induce visual damage
to the concrete structure’s surface as cracks or spalls. The rate of this process depends on many
things, such as cover depth, diameter of the reinforcing steel as well as temperature and the
availability of moisture. A statistical distribution over time was produced for the formation of
visual damage after consecutive initiation and propagation phases on concrete facade and
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balcony structures (Fig. 1). Because the information about the age of the building is linked to
the time of condition assessment these examinations do not take into account the fact that visual
cracks or damage have, in fact, emerged some time before the assessment date. This time before
the condition assessment is in this study unknown. Thus, the visual damage is likely to be
formed even earlier than the results indicate, and the results of this study should be treated
accordingly.
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Figure 1: Statistical model for the evolution of corrosion damage after consecutive initiation
and propagation phases based on condition assessment data.

The first visual damage had occurred after 15 years from construction in brushed and painted
concrete facades and after 8 years in exposed aggregate facades. By median, visual corrosion
damage has formed on concrete facades after 21 to 25 years from construction (exposed
aggregate and brushed painted respectively). The propagation phase was estimated by extracting
from the total age (Fig. 1) a known initiation phase based on carbonation depth measurement
data. According to the calculation, the length of the propagation phase is 0.6-1.4 years when
adopting a commonly used 5 % safety level. It relates to corrosion of reinforcement with
extremely small cover depth or in very capillary concrete. However, this safety level may be too
strict compared to empirical knowledge. On average, the length of the propagation phase has
been 6-10 years depending on the type of structure.

Concrete structures studied by characterization methods (SEM, EDS, XRD) were on average
38.8 years old. The average time under active corrosion was for the cracked locations 26.0
years. It should also be noted that for all of the samples corrosion has been initiated quite fast
(by average 12.6 years) which indicates that both concrete resistance against carbonation has
been poor and the environmental conditions favourable to carbonation (somewhere between
exposure classes XC3 and XC4). Corrosion products associated with carbonation initiated
corrosion on the studied concrete facade panels were mostly hydroxide type of rusts with a unit
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volume of roughly 3 times the volume of iron. Taking the determined relative volume of the rust
layer into account the required corrosion penetration to initiate visually observable cracks in the
studied facade panels was by average 67.5 pm (total range of 22.2-119.1 pm) with a
corresponding rust thickness of 202.5 pm.

Measured corrosion current densities show high scatter but are in general rather high (Fig. 2).
The wind-driven rain amounts on the structures have during the monitoring period been 47 %
higher inland than in the coastal region. Inherently, the corrosion rates have been 11-18 %
higher inland than in the coastal region. This observation stresses the importance of the micro
climate around the building along with the geographical location in regard of degradation rate.
Current densities measured as a reference from the bottom surface of a balcony slab (sheltered
from rain) were very low. In a regression analysis between corrosion rate and weather
parameters all seasons showed high correlation between wind-driven rain and corrosion rate.
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Figure 2: Monthly averaged corrosion current densities recorded in field measurements in
inland and in coastal area of Finland.

Corrosion rates during the lifetime of the concrete structures at inland and coastal area locations
were estimated using the model with a record of 30-year weather data from 1979-2009. The
weather data was available for coastal site from Helsinki-Vantaa airport (distance to site 15 km)
and for inland site from Jokioinen observatory (distance to site 79 km). On a long time scale the
corrosion rate on concrete facades were relatively steady at the both locations.

The overall average level was 1.2 pA/cm? at inland and 1.7 pA/cm? at coastal area site. These
corrosion rates correspond to a steel loss of 14.6 um/year and 19.6 pml/year, respectively,
derived from the Faraday’s law. These corrosion levels can be considered high (Andrade &
Alonso 2001) in carbonation initiated outdoor concrete structures. Based on the modelled
corrosion rate and the measured critical corrosion penetration, the length of the propagation
phase is estimated to be approximately 1.5-8 years in inland and 1-6 years in the coastal area in
south facing facades.
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4.2 Active corrosion phase in renovation strategy

The studies presented in this paper aim to enhance the knowledge on the corrosion propagation
phase in reinforced concrete facades as a part of their service life. The research project
confirmed that the propagation phase can provide a considerable extension to the service life of
concrete facade panels in Nordic climate. This extension can be from ten to even 30 years.
However, it varies considerably due to material, structure and environmental factors.

Table 2: The relationship of initiation and propagation phases in concrete facade panels
(average in brackets)

structure surface share of the initiation phase in the | share of the propagation phase
total service life, average in | in the total service life (%)
parenthesis (%)

brushed painted concrete facade | 85-98 (88) 2-15 (12)
exposed aggregate concrete | 91-99 (94) 1-9 (6)
surface

It appears, from Table 2, that the potential for extending a structure’s service life with the
propagation phase is in some cases considerable (by average 6-12 %). Although, majority of the
service life of concrete is accounted for already in the initiation phase. Therefore, when
assessing the total service life of a building, it is critical to ensure the structures have the
required resilience to carbonation in terms of concrete composition, concrete quality and cover
depths. If the properties of the initiation phase are already fixed (as is the case in existing
structures) it seems clear that accurate information about the propagation phase will have to be
utilized to extend a structure’s service life.

The ability to model or forecast corrosion rates on concrete facades will enhance the capability
of realtors to react on upcoming repair needs. This kind of model would be able to predict the
residual service life of a certain structure, but it could also be used in creating renovation
strategies for a larger building stock by revealing the order of importance or the urgency of
single renovation projects. The knowledge on active corrosion phase will enhance the capability
of the owner to utilize the delaying options with more confidence. Especially this knowledge
will help in pointing out the cases where these options are applicable and where they are not
(Table 3). It also illustrates clearly the influence of the delaying of renovation, which will in
eventually render lighter repair options not applicable due to increasing degradation.

The occurrence of visual damage is a natural way of judging the service life of these structures
since all of the renovation and maintenance decisions are made based on investigations usually
commissioned based on these visual signs. This, however, means that lighter remedial actions
are not anymore available and repair & protect options have to be considered to some extent. In
order to be able to utilize only protective options, the service life should not include propagation
phase. The intervention should in this case be taken directly in the end of the initiation phase.
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Corrosion induced damage occurred on the studied structures commonly on the lap splicing
locations of rebars, in the edges and window openings of the panels and in locations with
pronounced moisture load due to poorly functioning flashings and rain water runoff control. If
the ratio of concrete cover to reinforcement diameter was small (below 1.5) corrosion related
damage had emerged as spalling. If the ratio was well over 1.5 the damage more probably
emerged as cracking. Careful design of the above mentioned details will allow longer
propagation phases to be taken into account in service life.

Table 3:Renovation options contrasted to different renovation strategies.

Repair option Early Early Need-based- Maximized
intervention (up | intervention (up | repair service life
to initiation) to first visual | (intrusive)

damage)

a) do nothing & | Available Available Not available Not available

monitor

b) re-analyse & | Downgrade not | Downgrade not | Available Not available

downgrade in | required required

function

c) prevent & | Available Available Not available Not available

reduce further

degradation

d) repair & | Available Available Available Not available

protect

e) replace with | Not reasonable | Available Available Available

new

f) demolish Not reasonable | Not reasonable | Available Available

The available repair options (Table 3) illustrate the importance of early intervention. At this
point the available options are many and they are in general fairly light. A need-based
renovation strategy already requires some level of intrusive repair. A strategy aiming at
maximizing the available service life of the existing structure will lead to heavy renovation,
replace or demolition eventually. A conventional limit for the early intervention strategy is the
initiation of corrosion. However, it is visualized that this strategy is not compromised even
when the service life is extended to the propagation phase. Same set of renovation options will
be available until the occurrence of damage as cracking or spalling. This information can be
utilized in planning of the renovation of structures, where the initiation phase has already
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passed. Modelling the length of the propagation phase will allow a time-span of up to 8-10
years for planning and budgeting of the renovation work without compromising the choice of
strategy.

5. Conclusions

Renovation strategy of a built asset is tied to the business/maintenance strategy, financial
situation and future prospects of the owner. The options and principles available for the
renovation of concrete facades are many. However, all of them have specific uses and preferable
conditions where they perform best. It should be acknowledged that the decisions of the owner
in the timing of the repairs greatly affect which renovation options and principles are applicable.
Protective renovation options usually perform best when applied in the initiation phase of
degradation whereas delaying intervention will force the use of repair/renew options.

The knowledge on active corrosion phase will enhance the capability of the owner to utilize the
delaying options with more confidence. Such a tool could be used also in moving towards a
predictive upkeep of realty and the confidence of making long term contracts between realty
owners, renovation engineers and contractors.

The research project confirmed that the active corrosion phase can provide a considerable
extension to the service life of concrete facade panels in Nordic climate. This extension can be
from ten to even 30 years. However, a probable extension is 8-10 years in high environmental
stresses. This time period may well provide the necessary latitude for the renovation budget and
planning.
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Abstract

In building operational phase, facility management problems such as the deferral of critical
repair, replacement or renovation of building structure or equipment are often observed in
Taiwan due to inadequate annual maintenance funding. Building owners and facility managers
are in great need of a method or tool to predict the maintenance costs over the life spans of their
facilities in order to allocate adequate maintenance funding to sustain their facilities. To solve
this problem, this study adopts and integrates existing technologies such as building information
modeling (BIM), facility management system (ArchiBus©®), and local construction and
maintenance cost database (PCCES) to establish the Building Life Cycle Maintenance Cost
Prediction method (BLCMCP) to predict annual maintenance costs over building life span based
on a set of predefined maintenance plans. It is proposed that (1) BIM software such as REVIT is
used to create all the components (each with a CSI’s MasterFormat code) of each building
subsystem of a building, from which a ‘component list’ of a building subsystem with quantity
takeoff can be generated; (2) Facility management system such as ArchiBus°® is used to
specify the schedules of wvarious maintenance tasks (inspection, repair, renovation, or
replacement) for each component of a building subsystem over building life span such as 30
years; (3) local construction and maintenance cost database such as PCCES in Taiwan is used to
provide updated construction and maintenance cost data (labor and material costs) for each
component of a building sub-system. The annual maintenance cost of a component of a building
subsystem in a particular year can be estimated by retrieving the maintenance tasks scheduled
from the ArchiBus°* as well as the unit cost data of each maintenance task from the PCCES
according to its MasterFormat code. The ‘elevator’ subsystem of the Taiwan Building
Technology Center (TBTC) building located on the NTUST university campus is used as a case
to demonstrate how the established BLCMCP method can be used to estimate the annual
maintenance costs of this subsystem and its components over a 25-year life span.

Keywords: MasterFormat code, maintenance schedule, construction and maintenance cost
database

212



1. Introduction
1.1 The Problems

The structure and various building control equipment of a building have their design service
lives, and they are expected to degrade or breakdown sometime during the building life span.
Facility management plays an important role in operating and maintaining building components
and keeping them in reliable conditions. Nevertheless, facility management problems such as
the deferral of critical repair, replacement or renovation of building structure or equipment are
often observed due to inadequate annual maintenance funding. Building owners and facility
managers are in great need of a method or tool to predict the maintenance costs over the life
spans of their facilities in early operational phase in order to allocate adequate maintenance
funding to sustain their facilities.

1.2 Potential Technologies as the Solution

To solve this problem, this research argues that existing potential technologies such as building
information modeling (BIM), facility management systems, and local maintenance cost database
can be adopted and integrated to establish a building life cycle maintenance cost prediction tool.

Building Information Modeling (BIM) has recently attained widespread attention in the
architectural, engineering and construction (AEC) industry worldwide. Many researches have
been dedicated to demonstrate the applications of BIM's responsive quantity takeoff capability
in cost estimation in building design and construction phases (Eastman et al., 2008; Meadati and
Nelabhotla, 2011; Lu et al., 2016; Popov et al., 2006; Smith, 2014). This study argues that the
same capability is potentially applicable to maintenance cost prediction during operational
phase as well by producing quantity takeoff for those building elements to be maintained.

Facility management systems or computerized maintenance management system have been used
to plan and manage maintenance tasks during building operational phase. To predict building
life cycle maintenance cost in early operational phase, it's critical that cost estimations are based
on a set of pre-planned maintenance tasks to be conducted on various building subsystems and
their components over a certain life span, which can be effectively assisted and scheduled by
facility management systems.

To further estimate the cost of each maintenance task, it is necessary to acquire the unit costs of
the labor, material, or equipment involved in that task. Local construction and maintenance cost
databases, such as RS Means cost data (Plotner, 2013), have been established in many regions
or countries, and can provide cost data required for maintenance cost estimation purpose.

1.3 Research objectives

This research intends to develop a building life cycle maintenance cost prediction method to be
used in early operational phase. To be more specific, the objectives of this research are:
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1. To establish a Building Life Cycle Maintenance Cost Prediction method (BLCMCP) that
integrates BIM, ArchiBus©+ facility management system and a local construction cost
database (PCCES) to predict the annual maintenance costs of a building over its life span
given a set of maintenance plans specified in early operational phase;

2. To demonstrate how the developed BLCMCP framework can be applied in the Taiwan
Building Technology Center (TBTC) Building on NTUST university campus to predict the
life cycle maintenance costs of its elevator subsystem.

2. Literature review

Compared to the construction cost estimation methods devised for new building construction,
relatively few researches have been dedicated to developing effective building life cycle cost
estimation methods. In their book Life Cycle Costing for Facilities, Dell'lsola and Kirk (2003)
not only present the methods for economic analysis (ROI, etc.) and life cycle cost analysis
(NPV, etc.), but also suggest a framework for estimating life cycle costs, in which decomposing
a whole building into several levels of hierarchical elements and adopting MASTERFORMAT
or UNITFORMAT that link to cost databanks appear to be the key concepts. Stanford (2010)
proposes effective building maintenance as a way to protect capital assets. He not only
addresses the importance of budgeting for various types of maintenance taking place during
building life span, but also presents budgeting methods adopting the ideas of decomposing a
building into four levels of elements as well as remaining design service life for maintenance
cost estimation. Kim et al. (2010) employed similar decomposition structure to develop a life
cycle cost estimate system for structures of light rail transit infrastructure. The notions
underlying the life cycle cost estimation methods proposed above are to decompose a building
into several levels of components and then to estimate the life cycle costs for all components
individually, which represent great amount of work if done manually.

BIM seems a reasonable technique to be adopted for life cycle cost estimation, considering its
capabilities in structuring building components and automatic quantity takeoff. In fact,
numerous studies have proposed the 5D concept and applied BIM in building cost estimation to
be used during design and construction phase (Cheung et al., 2012; Lu et al., 2016; Popov et al.,
2010; Smith, 2014). In these applications, BIM involves more than just 3D modeling and is also
commonly defined in further dimensions such as 4D (time) and 5D (cost). 4D links information
and data in the 3D object model with project programming and scheduling data and facilitates
the simulation analysis of construction activities. 5D integrates all of this information with cost
data such as quantities, schedules and prices.

Literature review conducted by this study reveals that little research has been done in applying
BIM in predicting long term building life cycle costs. Whyte and Scott (2010) employed
statistics and probability, fuzzy set logic, artificial neural networks and objected orientated
analysis to develop a life-cycle-cost system in order to assist design decisions, which require
advanced techniques to implement. This study argues that the 5D BIM concept, although mainly
applied in new building construction cost estimation, linking the 3D BIM model, quantities,
schedules, and prices is still a feasible approach to be explored in life cycle cost prediction.
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3. The Building Life Cycle Maintenance Cost Prediction
(BLCMCP) Methodology

3.1 BIM Model and the MasterFormat Code

This study proposes that building information modeling (BIM) technology be used to organize a
building in the following ways for the purpose of life cycle maintenance cost prediction:

1.  Each building is decomposed into ten building subsystems: structure, enclosure, interior,
HVAC, electrical, telecommunication, fire safety, water/plumbing, conveying, and
landscape sub-systems (Table 1).

2. Each building subsystem is decomposed into two levels of elements. A subsystem is first
categorized into several major 'assemblies’ (level one element), which is then further
decomposed into several ‘components' (level two element). BIM software such as REVIT
can then be used to establish the BIM models for all the 'components' of each subsystem
(Table 1). For each 'component’ of a subsystem, the maintenance schedules or frequencies
of various types of maintenance task can be further specified by facility management
software.

3. For each component of a building subsystem, a CSI’s MasterFormat code is assigned
(Table 1). The MasterFormat code of a component is an unique number or 'key' used to
link to and retrieve its maintenance cost data stored in a local maintenance cost database.

Once the BIM models of all subsystems of a building is established, the 'bill of quantity' of all
components of ten subsystems can be generated automatically. The 'quantity’ of each component
is an important parameter for estimating its long term maintenance cost.

3.2 Facility Management System for
Long Term Maintenance Tasks Planning

Over the life span of a building, various maintenance tasks (planned or unplanned) are often
conducted on individual subsystems and their components to sustain their performance and
achieve their service lives. To predict the long term maintenance costs of a building, it is
imperative to plan ahead (in early operational phase) for the planned maintenance tasks to be
conducted on each component of each subsystem at different time during a certain building life
span. The planned maintenance tasks typically conducted are preventive maintenance
(inspection/ testing, repair) as well as planned renovation and replacement (Stanford, 2010). The
labor (man-hour) and material (or equipment) involved in a particular maintenance task on a
component can be assessed, based on which the maintenance cost can be further estimated.

Given the decomposition-structure of a building described in the previous section (3.1), this
study suggests that facility management systems (such as ArchiBus©~) be used to plan and
specify the frequencies (or the schedules) of each type of planned maintenance task (inspection,
repair, renovation, and replacement) to be conducted annually for each component of a
subsystem over building life span such as 30 years (Frequency columns in Table 1).
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3.3 Local Construction Cost Database for
Providing Updated Maintenance Cost Data

The unit cost data of the labor and material (or equipment) involved in a particular maintenance
task performed on a particular component of a subsystem are required for the estimation of this
maintenance cost. In many regions or countries, local building related cost data (in hardcopy or
online) have been investigated and updated periodically. For example, the Gordian Group Inc.
offers RS Means facilities maintenance cost data in the US, which are organized by using the
Construction Specifications Institute's MasterFormat (Plotner, 2013). In Taiwan, the Public
Construction Cost Estimation System (PCCES) is a cost estimation system developed by the
government to be used by the contractors to prepare the construction cost estimation of a
building project. The PCCES contains an updated construction and maintenance cost database
(labor, material and equipment unit cost data) for various components of building subsystems
which are given with individual MasterFormat codes.

This study suggest that the unit cost data of labor and material (or equipment) involved in four
types of maintenance tasks (inspection, repair, renovation, replacement) performed on
components of all subsystems be retrieved from the local construction or maintenance cost
database in order to further estimate the maintenance cost of all subsystems year by year over a
certain building life span (labor cost and material unit cost columns in Table 1).

3.4 Building Life Cycle Maintenance Cost Estimation Model
3.4.1 Total Building Life Cycle Maintenance Cost

To predict the total building life cycle maintenance cost over a certain life span of a building,
this study proposes that the total costs of planned maintenance conducted on all ten subsystems
and their components are estimated year by year, as indicated in Eg-1.

BLCMC, = Y™, (STRUCTURE; + ENCLOSURE; + INTERIOR; + HVAC; + POWER; +
TELECOM, + FIRE; + PLUMB; + CONVEY, + LANDSCAPE;) (Eg-1)

where:

BLCMC, = total long term maintenance cost over a n-year building life span
STRUCUTRE; = total maintenance cost of structure subsystem in year-i
ENCLOSURE; = total maintenance cost of enclosure subsystem in year-i

INTERIOR; = total maintenance cost of interior subsystem in year-i

HVACI = total maintenance cost of HVAC subsystem in year-i

POWER; = total maintenance cost of power/electrical subsystem in year-i
TELECOM; = total maintenance cost of telecommunication subsystem in year-i
FIRE; = total maintenance cost of fire safety subsystem in year-i
PLUMB; = total maintenance cost of plumbing subsystem in year-i
CONVEY; = total maintenance cost of conveying subsystem in year-i

LANDSCAPE; = total maintenance cost of landscape subsystem in year-i
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3.4.2 Annual Maintenance Cost of a Subsystem and its Components

To predict the annual total maintenance cost of a subsystem and its components in a particular
year, this study proposes that the total costs of four major types of planned maintenance
(inspection, repair, renovation and replacement) conducted on the subsystem and its
components in that year are estimated. For example, to predict the total annual maintenance cost
of HVAC subsystem in year-i (HVAC;), the total costs of inspection, repair, renovation and
replacement tasks conducted on all HVAC components in year-i can be estimated individually
and added up, as indicated in Eqg-2.

HVAC; = H-inspect; + H-repair; + H-renovate; + H-replace; (Eg-2)
where:
HVAC; = total cost of four types of maintenance on all HYAC components in year-i
H-inspect; = total cost of all inspection tasks conducted on all HVAC components in year-i
H-repairi=  total cost of all repair tasks conducted on all HVYAC components in year-i

H-renovate; = total cost of all renovation tasks conducted on all HVAC components in year-i
H-replacei = total cost of all replacement tasks conducted on all HVAC components in year-i

3.4.3 Annual Maintenance Cost of a Particular Component of a Subsystem

To predict the annual total cost of four types of planned maintenance tasks conducted on a
particular component of a subsystem in a particular year, this study proposes that the monthly
costs of each type of planned maintenance conducted on that component in that year are
estimated and added up, as shown in Eq-3.

HVACk_i:
i21(Hy-inspect; )+ X 12, ( Hy-repair;)+ X 12, ( H-renovate;)+ X 12, ( Hy-replace;)
(Eg-3)

where:
j ranges from 1 to 12, representing 12 months;
k represents the k™ component of the HVAC subsystem.

To further estimate the annual 'inspection’ cost conducted on the k™ component of HVAC
subsystem (Hk-inspectij), the frequency of inspection and the labor and material required in
year-i planned earlier can be retrieved from the FM system, and then the labor and material unit
costs can be retrieved from local construction cost database, whose multiplications yield the
monthly inspection costs and thus annual inspection cost. Similarly, annual 'repair’, ‘renovation’
and 'replacement' costs for the k™ component of HVAC subsystem can be estimated.

By adding up the annual total maintenance costs of all components of HVAC subsystem in
year-i, HVAC; can be estimated. Similarly, the annual total maintenance costs of all other sub-
systems can be estimated. Likewise, the annual total maintenance cost of a ‘whole building’ can
be estimated year by year, and finally the total building life cycle maintenance cost.
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4. Demonstration Case
4.1 The Subject - TBTC

The Taiwan Building Technology Center (TBTC) building is a relatively new but small building
(in operation since 2011.1) located on the NTUST university campus (Figure 1). TBTC is a
steel structure with a curved facade assembled from triangular punched aluminium panels, and a
seven-story facility (plus B1) with a total floor area of 1,400m? It's mainly a research building
with functional uses of research lab, conference room, and office. Its ‘elevator’ subsystem is
used as a case to demonstrate how the established BLCMCP method can be used to estimate the
annual maintenance costs of this subsystem and its components over a 25-year life span.

Figure 1: First floor plan and exterior view of TBTC.
4.2 The BIM Model of TBTC

Autodesk's REVITO#® was used to build the BIM model for TBTC (Figure 2). BIM models
were built for each of the ten subsystems with two levels of elements according to the
decomposition structure specified in Section 3.1. Each component of a particular subsystem is
given a MasterFormat code. The exemplary 'elevator' subsystem consists of four assemblies
(machine, car, control and hoistway) and 18 components (Figure 2, Table 2).

Figure 2: The established BIM models of a certain floor and the elevator subsystem of TBTC.
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4.3 ArchiBus©= for Maintenance Planning

Facility management software ArchiBus©# was used to establish the maintenance plans of all
the components of the ten subsystems of TBTC over a 25-year life span. In the case of TBTC's
elevator subsystem, the schedules or frequencies of four types of maintenance tasks to be
conducted on each of the 18 components were planned year by year. Table 2 shows
conceptually the maintenance schedules of all 18 components planned for 2026 (to be 16 years
old). It’s noteworthy that five components are scheduled to be replaced in January, 2026 (Ds in
Jan. column in Table 2). Besides, the labor and material required for each type of maintenance
tasks are specified by ArchiBus©+, as indicated by the MD and Mat. columns in Table 3.

Table 1: The maintenance schedules of all components of elevator subsystem planned for 2026.

Level 1 Level 2 LSS
Assembly Component Format/ Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
PCCES code

ClElevator  _Cl1-1Prim. veloc, transducer _ 14210T b A B A A B _ A A _B__ A__A__B_

Machine _C1:2 Traveling cable ______ 142108 . A A B A A B A _A_B_ A A B
C1-3 Counterweight 14210X A B A B A B A B A
C2-1 Elevator car 14210V TR A AT A AT TAT
"C2-2Doordrive 14210R 7T D TTTTATTATTTB A TTA A A ATB
_Co-3Takegate 142100 A A A A A B __A_ A A A A C_

C2 Car _C2-4 Guider rail fixing brekt _ 14210M B A A C A __A __C __A__A__C A __A_
C2-5 Elevator rail 14210U A A A A A A A A A A A C
C2-6 Car safety System 400N TTTTTTTTTTTTTUTATTTATTB A AT B A T ATTB
"C2-7 Slide guide & oil 1421w N Y A BT ATA T
_C3-1Controf system 4210 A A B A A B A A B A A B_

C3 Control C3-2 Operator panel 14210L A A A A
"C3-3Control cable & wiring  14210E T A T A B T AT A B T
C4-1 Roller guides 14210F D A A B A A B A A B
"C4-2Side guide rail 142100 T D T TTATTATTBTTATTATB ATTA B

C4 Hoistway ~ C4-3 Tensionpulley 142106 BT AT TATTTB AT ATT B AT AT BT
CadCarbuffer ___ __ 14210p A A A A A B A A A A A B
C4-5 Counterweight buffer 14210b A A A A A A A A A

Note: A = inspection; B = repair; C = renovation; D = replacement.
4.4 PCCES: The Maintenance Cost Database

The Public Construction Cost Estimation System (PCCES) is a local construction cost
estimation system and construction cost database in Taiwan. For each component of all ten
subsystems of TBTC, the labor and material unit cost data for each type of maintenance task
were retrieved from PCCES according to the MasterFormat code of the component. Table 3
shows conceptually the labor and material unit cost data for each type of maintenance task
retrieved from PCCES for all 18 components of the elevator subsystem.

4.5 The Building Life Cycle Maintenance Cost Prediction for TBTC

For the elevator subsystem of TBTC, the annual total cost of each type of maintenance tasks
conducted on a certain component (say ‘inspection’) were calculated as: CONVEY .15 = quantity
* INSPECTeq * (INSPECT abor * INSPECT jab-unit cost + INSPECT materiar* INSPECT mat-unit cost)-
Three other types of maintenance tasks conducted on this component were calculated similarly.
Table 4 shows the monthly maintenance costs for all components of the elevator subsystem in
2026 (inflation rate not considered in this study for simplicity reason). In most of the months in
2026, periodical inspection and repair are to be conducted, resulting in 1441~2936 NTD
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monthly maintenance costs; whereas five components are scheduled to be replaced in January,
resulting in 238,224 NTD replacement cost. The annual total maintenance cost for elevator
subsystem in 2026 is estimated to be 263,574 NTD. Figure 3 exhibits the annual and
accumulated maintenance costs of TBTC's elevator subsystem over its 25-year building life
span. Most of annual maintenance costs of the elevator subsystem range from 20,000~30,000
NTD and the accumulated maintenance cost over 25 years is estimated to be 1,362,415 NTD.

Similarly, the annual total maintenance costs of nine other subsystems of TBTC over 25-year
life span can be estimated and added up to generate the building life cycle maintenance cost at
the whole building level for TBTC.

Table 2: The labor and material required for each type of maintenance task are specified by
ArchiBus and their unit cost data retrieved from PCCES for all elevator subsystem components.

Master A. Inspection B. Repair C. Renovation D. Replacement
Level 1 Level 2 Format /
Assembly Component PCCdES MD LUC Mat MUC MD LUC Mat MUC MD LUC Mat MUC MD LUC Mat MUC
code
ct CL-1Prim. veloc, transducer  14210T__ 0013 2500 1 10 0125 2500 025 4000 0188 2500 02 2000 0500 2500 1 70000
Elevator  Cl-2Travelingcable ____ 14210E 0038 2500 1 = 5 0375 2500 025 800 0188 2500 02 = 800 0188 2500 1~ 80000
Machine C1-3 Counterweight 14210X 1200 0.125 2500 0.2 1 19000
C2-1 Elevator car 14210V 1200 0125 1800 0.1 1 150000
"""""""""""""""""""""""""""""""""" 400 0025 1800 0.1 400 0.063 1800 1 38000
‘C2-3Takegate  14210] 0063 1800 1 15 0025 1800 002 3600 0.031 1800 002 3600 0.250 1800 1 56000
C2 Car "C2-4 Guider rail fixing brckt 14210M 0125 1800 1 5 0025 1800 007 1600 0.063 1800 01 1600 0188 1800 1 46000
"C2-5Elevatorrail  14210U 0063 1800 1 5 0100 1800 007 3000 0.063 1800 0.1 3000 0.188 1800 1 24000
""""""""""""""""""""""""""""""""""" 600 0125 1800 02 600 0125 1800 1 35000
C2-7Slide guide &oil """ 14211w 0094 1800 1 5 0025 1800 007 1500 0031 1800 01 1500 0.25 1800 1 36000
.C3-1Control system ______ 14210c__ 0125 2500 1 = 15 0313 2500 025 400 0125 2500 = 02 = 400 0188 2500 1 = 55000
C3 Control  C3-2 Operator panel | 14210L__ 0031 1800 1 ~ 10 0106 1800 2 2400031 1800 2 = 240 0188 1800 1 = 1 120,
C3-3 Control cable & wiring 14210E 170 0125 2500 2 1 85
.CA-1Rollerquides _______ 14210F _ 0025 1800 1 5 0025 1800 025 500 0063 1800 02 500 0125 1800 1 50000
.C4-2Sideguiderail ______ 142100 _ 0063 1800 1 5 0025 1800 025 __ 600 012> 1800 02 600 0125 1800 1 35000
C4 Hoistway C4-3 Tension pulley 14210G 4800 0.125 2500 0.1 1 68000
"C4-4 Carbuffer " 14210P 0031 1800 1 20 0031 1800 002 ° 50000 0.031 1,800 002 50000 0.063 1800 1 25000

C4-5 Counterweight buffer 14210b 16000 0.025 1800 0.02 16000

Note: MD = man-day; LUC = labor unit cost (NTD/MD); Mat = material; MUC = material unit cost (NTD/unit).

Table 3: Monthly maintenance costs (in NTD) in 2026 for all elevator subsystem components.

Level 1 Level 2 LS
—— e Format / Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
y P PCCES code

ClElevator  C1-1Prim.veloc. transducer  14210T 82469 41 366 41 41 366 41 41 366 41 41 366

Machine Cl-2Travelingcable 14210 99 99 358 99 99 358 99 99 . 358 99 99 358
C1-3 Counterweight 14210X 37225 36 330 330 36 330 36
C2-1Elevatorcar 14210V [ LC T, S . L . .
C2-2Doordrive _________ 14210R 69625 235 235 20 235 235 235 235 235 20
C2-3Take gate 14210J 113 113 113 113 113 113 113 113 41

C2 Car _C2-4 Guider rail fixing brekt - 14210M 198 230 230 198 230 230 198 230 230 198 230 230
_C2-5Elevatorrail 142100 118 118 118 118 118 118 118 118 118 118 118 193
C2-6 Car safety System 14210N 174 174 174 174 174 65
C2-7 Slide guide & oil 14211w 1513 313 313 313 313 313
_C3-1Control system ______ 14210c 328 328 348 328 328 348 328 328 ¢ 348 328 328 348

C3Control  C3-2Operatorpanel 14210 . 66 66 .66 686
C3-3 Control cable & wiring  14210E 36 36 36 246
_CA-lRollerguides _______ 14210F 2013 50 50 75 50 50 7 75 50 50 75
C4-2 Side guide rail 142100 25913 118 118 80 118 118 80

C4Hoistway ~ C4-3Tensionpulley 142106 a8 68 68 366 68 68 366 68 68 366
C4-4Carbuffer 14210 56 _ 56 56 56 56 66 56 56 56 56 56 510
C4-5 Counterweight buffer 14210b 90 90 90 90 90 90

..... Total 238224 1441 1624 2113 2462 2936 2149 2672 2822

Annual Total 263574
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Figure 3: Annual and accumulated maintenance costs of TBTC's elevator subsystem over its
25-year building life span.

5. Conclusions

Building owners and facility managers need a method or tool to predict the maintenance costs
over the life spans of their facilities in early operational phase to allocate adequate maintenance
funding to sustain their facilities. Responding to this need, this study adopts and integrates
existing technologies such as building information modeling (BIM), facility management
system (ArchiBus©+®), and local construction and maintenance cost database (PCCES) to
establish the Building Life Cycle Maintenance Cost Prediction method (BLCMCP) to predict
annual maintenance costs over building life span according to a set of maintenance plans
specified in early operational phase. The ‘elevator’ subsystem of the Taiwan Building
Technology Center (TBTC) building located on the NTUST university campus is used as a case
to demonstrate how the established BLCMCP method can be used to estimate the annual
maintenance costs of this subsystem and its components over a 25-year life span.

This research focuses more on elaborating the concepts and the framework of the developed
Building Life Cycle Maintenance Cost Prediction method (BLCMCP). The life cycle
maintenance cost estimation for the exemplary elevator subsystem of TBTC was done manually
in Excel. Further research effort is required to make the BLCMCP a working tool in predicting
building life cycle costs. For example, building utility cost and custodial cost should be included
as the major items of life cycle costs as well as the prediction methods should be researched. In
addition, inflation rate should be considered when making long term cost estimations. Finally,
software engineering effort is required to provide a functional system architecture, database, and
user interface that integrate BIM model, FM system, and local construction and maintenance
cost database so that life cycle cost estimation can be performed automatically.
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Abstract

The emergence of BIM in the construction industry has come with promises of improving efficiency
in project delivery and asset management. BIM concerns the digitization of the building project by
depending on information technology capabilities already achieved in various professional domains
associated with different stages of the building life cycle. While the utilisation of BIM in the various
professional domains and project stages is increasing, research suggests that the building operation
and management stage is being left behind. Exploring BIM applications that encompass the building
operation are therefore important to improve efficiency during use and coordination with other stages
in the project life cycle. As such a framework for utilizing feedback loops on building energy
consumption to inform and improve design and facility management in a BIM environment is
proposed. In this paper, the authors present the prototype from the implementation of the framework
which is interfaced with a BIM-enabled tool. The paper concludes that the framework is useful in
contributing to bridging existing gaps between the design, construction and operation phases of a
building’s life-cycle.

Keywords: BIM, data acquisition, facility management, energy consumption
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1. Introduction

A considerable amount of research has been conducted on digitizing the various aspects of a typical
building project since the advent of building information modelling (BIM). Most of these efforts
leverage on the BIM/computer-aided capabilities already achieved in the various professional
domains associated with the different stages of the building life cycle. The overall aim is to provide
consistent digital information that can be reused by stakeholders throughout the building life cycle
(Eastman et al., 2008; Arayici et al., 2012). It is predicted that BIM will help to drastically reduce
errors, fast-track project delivery time and save implementation costs, as well as assisting with asset
management. Benefits in the latter sphere can only be accrued if feedback loops can be established so
that the information in a BIM is used to inform future design of similar buildings and facilities
management. This paper illustrates how such feedback loops can be established by incorporating
building management system (BMS) data into BIM to inform the designer and the facility manager.

Section 2 provides a background on the role of data acquisition in facility management integration
with BIM .The challenges associated with the utilization of acquired data from building management
system are presented in Section 3. The proposed framework is discussed in Section 4 before
presenting a test-case of the prototype from the framework implementation in Section 5. Section 6
concludes the paper.

1.1 Research Problem

The existing multi-disciplinary nature of the construction industry offers advantages entrenched in the
division of labour. However, it presents challenges such as the lack of interoperability between IT
tools used by different professionals resulting in barriers to seamless information exchange. One
aspect that is common in these different domains is design specifications, where materials are
specified for production/construction according to anticipated performance mainly based on
laboratory tests in order to meet the relevant standards. In this context, the design stage offers the best
opportunity to influence cost and sustainability through design specification (Ding, 2008; Kohler and
Moffatt, 2003). However, professional domains have not sufficiently explored even this clear
opportunity (Wang et al., 2013; Oti and Tizani, 2015). Concerning the area of facility management
(FM), BIM deficiencies are partly due to the fact that projects are being delivered with little or no
considerations for FM integration unless a Client specifically requires this to be done. FM is
particularly peculiar as it covers the building operation stage when the performances of all facilities in
the building are tested against the building as designed. In addition, the efficient management and
integration of resources in the form of people, places, processes and technology are panaceas to
ensuring optimum functionality of the built environment. Thus, the facility manager is confronted
with location of the property/project, type of facility vis-a-vis users, quantity of workspace and
associated requirements, quality and performance of workspace, and the impacts of content layout and
space allocation on work performance (Tay and Ooi, 2001). The advent of BIM promises to greatly
lighten up the seeming complexities inherent in the tasks assigned to the facility manager as well as
other professionals. Despite this potential, the results from a recent survey (Becerik-Gerber et al.,
2011) in the USA suggests that the operation and management stage appears to be the least explored,
compared to design and construction, in adopting BIM applications to execute requisite project tasks.
By implication, the process of leveraging on BIM to close up the feedback loop of learning from best
practice examples inherent in the project life cycle stages is equally at the lowest ebb. As the scope of

225



BIM application gradually expands, there is therefore the need to learn from performance histories of
projects via feedback loops to the appropriate stages in the project life cycle.

1.2 Research methodology

Review of literature has been carried out to establish research gaps and further employed to ascertain
appropriate methodologies for achieving the aim of this research. The review covered aspects relating
the modelling of building energy consumption histories from building energy management systems
and areas such as BIM enabling systems, building design and construction and facility management.
This helped in identifying research gaps associated with modelling building performance feedback to
BIM and possible process options for such communication. The Rapid Application Development
(RAD) information modelling approach (Maner, 1997) was used to develop and implement a
framework for utilizing performance histories in BIM and facility management. The RAD
methodology employs cycles of re-specify, re-design and re-evaluate on the prototype system from its
conception to when it achieves a high degree of fidelity and completeness. The prototyping process is
therefore characterized by increased speed of development and experiences of series of births rather
than deadlines. It informed the implementation of the prototype which entailed the interfacing of a
BIM-enabled tool with object oriented representation of information in a contemporary computer
programming language.

2. Data acquisition in FM and integration with BIM

There exist potential areas for BIM application in facility management where feedback can be useful.
Some areas already identified by Becerik-Gerber et al (2011) include locating building components,
facilitating real-time data access, visualization and marketing, considering ease of maintenance,
creating and updating digital assets, space management, planning and feasibility studies for noncapital
construction, emergency management, controlling and monitoring energy, and personnel training and
development. While the modalities of BIM implementation may differ in all these areas, what will
perhaps be common to all is the process of harnessing feedback from the model to inform and
improve asset performance. This process will require more than just engaging the facility manager in
the design stage as suggested in Wang et al (2013). It will require careful planning, mapping and
integration of the facility management operations into the BIM approach, including the operations
data acquisition, analysis and management strategy. This research stems from this premise. Its aim is
to present a framework focused on the integration of energy performance data as an option in BIM
implementation.

Energy consumption in the building operation stage is higher than other life cycle stages (Clarke et
al., 2008). Obviously, one of the reasons behind such high energy consumption is the cumulative
consumption over the long building life-cycle, usually in decades. It is therefore important that efforts
are directed towards keeping energy consumption at a very low level during the operation of the
building. This requires active participation of facilities management personnel in decision making
regarding regular building operation and maintenance tasks. As such facility management personnel
need to be better informed about the performance of building systems. A means for enhancing
informed decision making and effective management of facilities is through context sensing and data
capture from applications or entities in the building (Taneja et al., 2010). Context sensing operations
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may cover the monitoring of information on the environmental state, behaviour and situation of an
application or a device (Dey, 2001).

The use of building energy consumption data to improve the design and operation of buildings is an
active area of research. This process has been commonly called building energy management system
(BEMS) or simply building management system (BMS). It is concerned with the active control of
energy-dependent systems in the operation phase of the building (Doukas et al., 2007). The
technological advances in BIM offer opportunities to integrate BMS data. This area needs to be fully
explored. The existing gaps in linking BMS data to BIM has been noted for contributing to the
inconsistencies in graphical energy data generated from manual input of repetitive energy
management system data (Becerik-Gerber et al., 2011). It is therefore necessary to integrate data
acquisition systems into BIM to facilitate real-time monitoring and automated control of building
facilities.

2.1 Approaches to the integration of BMS data to BIM

A key goal of this paper is to facilitate the understanding of how BMS data can be analysed to inform
design iterations taking advantage of technological trends of using BIM. This encompasses
identifying how to provide feedback loops from the building in-use to successive design iterations of
proposed building projects. The integration of facility management with BIM that particularly relates
to the aim of this paper has two basic approaches to linking BMS data to BIM. The approaches
include (1) BIM — Energy Analysis Tool — BMS link and (2) BIM — Energy Consumption Viewer
Plugin link.

BIM — Energy Analysis Tool — BMS Link

In this approach (Figure 1), it is envisaged that BMS data can be sent to Energy Analysis tools to
carry out requisite analysis before feeding the outputs to building models in a BIM-enabled tool. This
approach can take advantage of database management systems, open file formats and common data
environments. The linking of DAT to Onuma Planning Systems (Ozturk et al., 2012) falls into this
approach. It is also possible to have the Energy Analysis Tool in a single module with BIM tool or
integrated with BMS data collection. For example Autodesk Project Dasher, as a visualization tool,
can overlay BMS data on 3D BIM for the monitoring of historical and real-time analysis of building
performance data (Attar et al., 2010; Khan and Hornbak, 2011). In a BIM environment, meaningful
visualisation of energy consumption profiles becomes possible which can aid the quick understanding
of non-experts including occupants and so may influence their behaviours.

Building / BIM for design
Management P Energy Analysis Tool —N 8 )
System (BMS) \

iterations /

Figure 1: BIM - Energy Analysis Tool Link
BIM — Energy Consumption Viewer Plugin Link

Here, a BIM tool is bolted with an external application such as Energy Consumption Plugin to enable
the viewing of energy consumption profiles of buildings (Figure 2). A plugin is an external
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application which can be continuously improved in sophistication through computer programming.
Refined BMS data is uploaded into the plugin linked to a BIM-enabled tool through associated
application programming interface (API). Depending on the sophistication of the plugin, aspects of
consumption data analysis could also be carried in the plugin environment. The result is addition of a
new external tool to the BIM environment that can be called up for the visual presentation of
historical energy performance to ease understanding of non-experts such as building occupants. For
our research, this approach offers us a flexible way to input refined BMS data into the prototype
system for display in a BIM environment that is beneficial to standardized building designs.

T

Building J/Manual data |\ A B Energy / BIM fordesign\

[ . o) document format )
Management —H retrieval/processing ‘}-—P (e.g. Spreadsheet) Consumption —> iterations

System (BMS) \ and anal\y Viewer Plugin \\ /)
\

\ 4

————— - Energy Analysis Tool — — — — — —

Figure 2: BIM - Energy Viewer Plugin Link

3. Challenges in the use of BMS data

The technological advances made in the development of building data acquisition systems are well
acknowledged (Taneja et al., 2010; Becerik-Gerber et al., 2011; Ozturk et al., 2012). However, there
have been challenges in utilizing such data to meaningfully inform and improve subsequent project
design and delivery. The Big Data syndrome is also associated with the streaming of data from such
acquisition systems (Olsson et al., 2015). More often than not, data collected from acquisition systems
grow very large in size and is too unstructured to put to immediate beneficial use without some form
of structuring and analysis. Thus, the technological advances in BIM offer opportunities to overcome
a number of these challenges by integrating BMS data and learning from energy performance data as
feedback to various building life cycle stages.

One obvious objective of measuring building energy consumption such as through BMS is to
ascertain how the building performs in use. It also helps in determining what the user needs to pay for
the services provided. Besides the collective responsibility to reduce environmental pollution, “the
polluter pays” approach (Owen, 2006; Biirger et al., 2008) has been a major driver compelling energy
consumers to explore avenues to reduce their quotas of pollution arising from energy use. The
monitoring and acquisition of energy consumption over a period provide opportunities for strategising
various means to achieving reductions in costs that accrue from energy bills. This is especially
important as energy is used for a wide range of activity categories including air conditioning and
heating, heating and pumping of water, lighting, powering of ICT, and the plethora of personal
electronic devices etc. Ascertaining the various proportions of consumption attributed to these
categories could be beneficial. BIM-BMS linkage may prove useful for the facility manager in
achieving desired energy consumption reductions. Such linkage will provide opportunity for
harnessing feedback from the model to inform and improve asset performance and vice versa. It will
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entail careful planning, mapping and integration of the facility management operations into the BIM
approach. This includes the use of BMS to improve the design and operation of buildings concerned
with the active control of energy-dependent systems (Doukas et al., 2007). Research suggest that the
existing gaps in linking BMS data to BIM are contributory to the inconsistencies in graphical energy
data generated from manual data input of repetitive energy management systems (Becerik-Gerber et
al., 2011).

4. Proposed framework for utilizing data from BMS in BIM

Figure 3 summarises the overall research context. It shows the proposed schematic framework of the
BIM implementation process to improve building design. As illustrated in the figure, existing
drawings, textual information and specification are reproduced as BIM generic systems which can be
combined with various site models. These combinations can then be further tailored as site — specific
building information models for building construction and operation purposes. These processes
produce progressive as-designed BIM, as-built BIM and the live BIM which are used for actual
building construction operations and the building operation. They also serve as channels to supply
feedback information as a learning process to Model Preparation stage for the development of the
generic building design model. Also highlighted in Figure 3 is the aspect of BIM - BMS data
interaction for which the BIM - Energy Viewer Plugin Link proposed. This achieves the requirement
of users (designers) being able to graphically visualize and compare energy consumption histories of
completed buildings in BIM environments. Also such system should allow appreciable degree of
flexibility in configuring the input of data from BMS. Lastly, the linkage system should leverage on
automating the process of entering BMS data into the system.

5. Case illustration of framework implementation

The framework of data acquisition utilization in BIM is implemented using a prototype as a
demonstration of proof concept. The technicality involved in developing the prototype is briefly
explained in this section including a scenario of using the prototype in a real- life project.

5.1 Description of prototype for data acquisition utilization in BIM

The approach adopted in developing the prototype for data acquisition utilization in BIM is the BIM —
Energy Consumption Viewer Plugin Link. The BIM platform used in developing the prototype for
data acquisition utilization is Revit 2014. The prototype can be configured to work in Revit 2015 or
new versions to come. The implementation of the prototype system was carried out in C# using .NET
and linked to the BIM enabled software (Revit 2015). The prototype plugin can be accessed via the
external tools link in Revit 2014 IDE. It functions as an extension of plugin application of the earlier
research work on the sustainability appraisal of structural steel framed building (Oti and Tizani,
2015).
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The prototype has been developed through the iterative testing of system components following
the RAD approach. It leverages on the characteristic increased speed of development and
progressive system refinement to achieve early usability. The flowchart illustrating the actions
and processes captured in the prototype system is given by Figure 4. The programme is called
through the Energy Use History option of the sustainability Estimation Programme from a BIM
enabled environment. On the selection of the project (by name) to examine, the type of
information to further explore can then be specified. This offers the option of comparing Design
benchmarks and Actual Consumption records or examining various energy consumption
categories. These information records are extracted by the system from spreadsheets saved in
the various project names and containing pre-defined data. The consumption categories can be
examined for a single project or a combination of projects. The intention of such combination is
to compare and contrast trends of the same consumption categories of different projects. The
system then displays corresponding output charts; from this point, reports can be produced. The
user can switch back and forth different projects and consumption categories or quit the
programme.

The prototype accesses design data and processed BMS (energy consumption) data saved in MS
Excel file formats and expresses abstracted information on energy consumption in terms of
‘Design’ and “‘Actual’ for buildings. These values are compared at various levels of granularity
to investigate wastes and encourage the use of appropriate measures to reduce consumption
levels and save costs. At the moment, the input data into the plugin need to be provided in Excel
file format which requires manual processing of the BMS data. However, there is a possibility
that this function of processing BMS data and saving in Excel Format can be done by an
appropriate Energy Analysis Tools if available.

5.2 Test case of using the prototype

Three projects have been used to illustrate the testing of the prototype. The data from one
(Oakfield Project) of the projects have been obtained from a collaborative research project
platform on low impact school procurement. The data from the other two projects were
generated as a variant of the Oakfield project in order to demonstrate the operation of the
prototype. The Oakfield Project is a primary school building in the UK completed and opened
for use in October 2012 with a data acquisition system in place and running. Energy
consumption levels have been collected and processed in spreadsheets serving as ready input for
the prototype. The relevant information were extracted from the spreadsheet and recorded in
formats for easy abstraction by the prototype. Since the prototype can be called in a BIM-
enabled environment, the operation history of consumption levels and design benchmarks of
buildings can be compared.

Figures 5 and 6 show alternative chart views of the design and actual energy consumption
figures of the Oakfield project from November 2012 to February 2014. Similar charts can be
obtained for the other listed projects. Thus, project information need to be entered in prescribed
Excel format and loaded into the prototype to appear in the list of Project and Analysis listBox.
The advantage of these charts to designers is that they will help to provide opportunity for quick
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review of design and performance benchmarks for more critical examination and analysis where
required. For example, the designers’ attention may be drawn to the Heating, Hot water and ICT
sub-consumption category for further investigation if the respective charts reveal some
unexpected outputs. The plug-in neither extracts data from nor feeds data/information to BIM
objects but serves as a visualisation tool for historiacal building energy performance as a
starting point. Further, the prototype can compare information on energy costs for design and
actual consumption of projects. This can be done for any of the listed projects and also
compared on project basis. These charts and the underlying data can be viewed and printed for

hard copy recording.
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Figure 4: Prototype implementation flowchart

6. Conclusion

One aspect of concern in the emerging BIM applications is how to influence overall project
costs and improve sustainable construction practices right from the planning and design stages.
This requires the integration of existing work stages and processes into BIM. The incorporation
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of FM issues into BIM have seen the least patronage even though it is one of the key stages
where all the outputs of the concerted efforts of planning, design and construction of the
building is put to test by use. There is the existing gap of how outcomes from such tests are fed
back to the planning, design and construction processes to contribute to improving the overall
project delivery.
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We therefore proposed a BIM-BMS data linkage plugin as feedback to enable designers learn
from building energy performance histories. Thus, current energy analysis and design tools
utilize conceptual design information such as volumetric and spatial data. These tools are
lacking in achieving the aim of establishing requisite feedback of performance histories to BIM.
Thus, it is difficult to input raw or refined BMS data in these tools for the purposes of analysis
and linking such data back to a building information model. The reason are that (i) large volume
of data will usually be involved, (ii) the process of entering data into such tools lack flexibility
and (iii) facility management tools do not carry out energy design and analysis at the early
project phases but have the capability of capturing and reporting data generated in the field or
during building operation. In this paper we detailed the approach to meeting the requirement of
utilizing sensing and automated data acquisition technologies (BMS data) in building
information models (BIM). Also, we identified available approaches for integrating BMS data
to BIM and described the adopted approach of using plugins. The work described a framework
that utilizes feedback loops on building energy consumption to inform and improve design and
facility management to explore adequate building digitization. The demonstrated approach
including the process flow chart and information representations utilized in this work are useful
in bridging existing gaps of harnessing historical data from the building operation phase to
assist in building information modelling and design.
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Abstract

The integrated design (ID) process has received numerous endorsements across many disciplines as an
effective way to design and build more sustainably. Countless reports, papers, journal articles and lectures
have demonstrated the many benefits inherent to the 1D process; however, rarely do these accolades provide
concrete numbers. Energy modeling is becoming common practice, especially for buildings seeking green
certifications or improved performance. However, energy modeling is often done too late in the process,
after nearly all design decisions have been made. As a result, the process of modeling after design negates
the possible benefits and does little to improve the energy performance of the building. Energy modeling
professionals have the capacity to provide concrete predicted energy use numbers throughout the design
process that can lead to informed design decisions.

This research outlines how to effectively utilize the ID process in order to build a more sustainable building.
Additionally, it looks at the role of live energy modeling during the ID process and identifies the benefits
of providing design teams with predicated energy use information early in the design process.

The purpose of this research is to identify the benefits of interactive live energy modeling during the ID
process over the use of energy modeling simply to show code compliance. The research consists of a
comparative analysis using case studies, data analysis and expert interviews with energy modeling
professionals. This research demonstrates how the use of live energy modeling within the context of an
ID charrette can reduce the predicted energy use of new schools.

Keywords: Integrated Design, Live Energy Modeling, Energy Conservation Measures, ID Charrette, Case
Study
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1. Introduction

In his book Sustainable Energy — Without the Hot Air author David MacKay outlines the need for ‘numbers,
not adjectives’ when it comes to our conversations about energy efficiency. He writes,

“In public debates, people just say ‘Nuclear is a money pit’ or ‘we have a huge amount of wave and
wind.” The trouble with this sort of language is that it’s not sufficient to know that something is huge:
we need to know how the one ‘huge’ compares with another ‘huge,” namely our huge energy
consumption. To make this comparison, we need numbers, not adjectives (MacKay 2009, p.3).

We often look for the “silver bullet’ or ‘low hanging fruit’ that will dramatically improve the energy
performance of our buildings. But in order for us to come up with effective solutions, we need numbers on
which to base our decisions and not mere adjectives. Energy modeling is one tool that provides designers
with numbers to demonstrate building performance though it can be utilized in many different ways.

The purpose of this research is to identify the benefits of interactive live energy modeling during the
integrated design (ID) process, over the use of energy modeling simply to show code compliance. The
research consists of a comparative analysis using case studies, data analysis and expert interviews with
energy modeling professionals. The quantitative methods include case studies and data analysis, while the
qualitative methods include expert interviews with energy modeling professionals. This research
demonstrates how the use of live energy modeling within the context of an ID charrette can reduce the
predicted energy use of new schools.

Additionally, this research establishes a road map for future design teams looking to effectively design and
build more sustainable K-12 schools. This research focuses on schools in particular because they are often
owner-occupied and directly concerned with operating costs. By focusing on schools that have utilized
energy modeling during the early design stages, specifically during ID charrettes, and comparing the
predicted energy use results and various modeling inputs with schools that did not participate in charrettes,
this research will show the tangible benefits of live energy modeling.

2. Integrated Design and Live Energy Modeling

In order to gain a better understanding of the relationship between integrated design and live energy
modeling, below an overview of the ID process is outlined along with how it benefits the design process.

2.1 Overview of the Integrative Design Process

The design and construction industry has long struggled with being efficient, collaborative and cost
effective (Latham1997; Gallaher et al. 2004). These drawbacks have made it challenging to produce high
performance buildings that meet the needs of the occupants and the environment. Over the years, a number
of approaches have been developed to address these drawbacks such as “Building Information Modeling”
or “Integrated Project Delivery,” yet these approaches still lack the holistic methods inherent in an ID
process (Owen et al. 2010).
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In 2001, the British Columbia Green Building Roundtable, comprised of public sector and non-profit
organizations in the province of British Columbia, Canada, came together to develop a “Roadmap for the
Integrated Design Process.” This roundtable led to a number of publications and reports designed to
advance green building principles and practices across the sector. One of the early roundtable reports
established a working definition of the ID Process, which is described as:

[a] method for realizing high performance buildings that contribute to sustainable communities. It
is a collaborative process that focuses on the design, construction, operation and occupancy of a
building over its complete life-cycle. The ID Process is designed to allow the client and other
stakeholders to develop and realize clearly defined and challenging functional, environmental and
economic goals and objectives. The ID Process requires a multi-disciplinary design team that
includes or acquires the skills required to address all design issues following the objectives. The
ID Process proceeds from whole building system strategies, working through increasing levels of
specificity, to realize more optimally integrated solutions (BC Green Building Roundtable, 2007).

Excerpt from “The Integrated Design Process: Report on a National Workshop”
held in Toronto in October, 2001.

We are still designing buildings the way we have for decades, but the 1D process offers a more sustainable
building by design as evident from the definition above. In order to have a clearer understanding of what
the 1D process is, it is important to recognize how it differs from conventional design. Table 1 outlines the
primary difference between a conventional design process and an integrated design process. The simplest
way to understand the difference is to think of conventional design as linear and integrated design as
iterative.

Table 1: Integrated Design Process vs. Conventional Design Process

Integrated Design Process Conventional Design Process

Inclusive Involves team members only when necessary
Front-Loaded Less time and energy early on

Decisions made by team More decisions made by fewer people
Iterative Linear

Whole-system Thinking Systems considered in isolation

Allows for full optimization Constrained optimization

Seeks synergies Few opportunity for synergies

Full life-cycle costing Emphasis on up-front costs

Process continues post-occupancy Process ends with construction completion

There is nothing exceptionally revolutionary about the ID process, rather it benefits from a holistic and
principled approach that can lead to a better built building. By combining a set of attitudes, principles and
strategies, the 1D process can result in more sustainable buildings (BC Green Building Roundtable 2007).
These attitudes and principles set the tone for the project and allow for the creation of measurable goals.
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3. Types of Modeling Processes

For this research, two types of modeling processes were identified and formalized based on the first author’s
professional experience and familiarity in Canadian K-12 energy modeling requirements. These modeling
processes are compliance modeling and integrated design. Together they form the energy modeling
processes that establish a framework for the selection and analysis of case studies. In mapping out the two
processes, key factors contributing to the design processes and energy performance outcomes emerged and
allowed for comparisons and conclusions to be drawn.

3.1 Compliance Modeling Process
The first process identified is a compliance modeling process. For the purpose of this research, the

compliance modeling process is defined as: energy modeling completed using Issued for Construction (IFC)
drawings and specifications with the modeling team having had no input during the design stages of the
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project. During the compliance modeling process, an energy model that includes predicated energy use and
energy cost numbers is produced; the results are often used to indicate if the building complies with specific
requirements such as building code, LEED, or other industry standards. The steps of the process are visually

represented in Figure 1 below.

3.2 ID Charrette Modeling Process

The second process was modeled using an integrated design (ID) charrette modeling process. For the
purpose of this research, an ID charrette modeling process is defined as: energy modeling that takes place
live during an ID charrette where design team members are present and are provided with energy use results
based on the discussion and suggestions made during the actual charrette. During an ID charrette modeling
process, an energy model that includes predicated energy use and a number of discussed Energy
Conservation Measures (ECMs) is produced; the results are often used to indicate if the building achieves
established energy performance goals. The steps of the process are listed below and a visual representation

can be found in Figure 2.
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4. Case Studies Analysis

Buildings utilizing the 1D process should use energy simulation early and often. This provides the design
team with the necessary information and adequate time to make informed energy related design decisions.
The purpose of this research is to demonstrate how the use of live energy modeling can lead to predicted
energy savings in new K-12 schools. As such, the following six case studies were analyzed in order to
identify the different variables that lead to improved energy performance. All six schools are located in
Eastern Ontario, Canada and are publically funded. All Ontario publically funded schools are subject to the
same funding formula used to determine the schools operating budget and construction budgets for new
builds. Since all six schools are proposed new builds, they are subject to the same funding formula, which
in turn means no school within the data set has a budgetary advantage. Schools A1, A2 and A3 serve as the
compliance modeling data set, while schools B1, B2 and B3 serve as the ID Charrette modeling data set.
The model inputs and energy performance results can be seen in Table 2.

4.1 Case Study Results

Drawing causation conclusions based on an analysis of the case study results is very difficult. The modeling
results (energy end use and performance) for each school are the result of a single simulation, as isolating
the impact of a single variable (model input) is nearly impossible because there is no point of reference.
However, comparing the modeling results of each school helps identify trends, which are further explained
through the expert interviews. A more accurate picture emerges only when the quantitative data (modeling
inputs) is examined next to the qualitative data (interview findings).

The analysis of the case studies revealed that the ID charrette modeling schools use 58% less energy than
the compliance modeling schools, on average. Additionally, the ID charrette schools have an average
Predicted Energy Use Intensity (pEUI) that is 11.1 ekWh/ft2/yr less than compliance modeled schools. A
deeper analysis of the modeling inputs helps identify what impacts these predicted energy savings, but it
does not tell the whole story. No individual variable or modeling input alone can be linked to the significant
reduction in predicted energy use, however, averaging each input and comparing them between the two
data sets tells a different story.

In nearly every case, the average input variables for the ID charrette modeling schools are better than the
compliance modeling schools; however, in a few cases the reverse is true. Focusing only on the averages
for each input is deceiving since the averages are not generalized; it is important to drill down on some of
the outliers in order to better understand how these two data sets compare. For example, the compliance
modeling schools average glazing U-value is 0.36 verses 0.38 for the ID charrette schools; the poorer
glazing performance for the ID charrette modeling schools is directly due to the fact that school B1 has a
U-value of 0.44 and pushes the average down to 0.38. Looking a bit closer at all the inputs for school B1
shows that the design is not particularly high performing. The primary energy savings measure for school
B1 is its outside air rate of 0.16 cfm/ft?, which is significantly less then all of the other schools. School B1
has a much lower outside air rate partially because it was a discussion topic during the ID charrette and the
design team was able to test assumptions and develop a design that specifically addressed the schools needs.
Comparing the average values for each input is important, however, understanding the differences and
strengths of the two modeling processes is equally important.
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Location

Climate Zone
Modelling Software
Weather file

Total Building Area (ft?)
Number of Storeys

Kingston
6A
IES-VE 2014
CAN_ON_Ottawa.CWEC
56,474
1

Cornwall
6
IES-VE 2014
CAN_ON_Ottawa.CWEC
50,600
1

Ottawa
6A
EE4
CWEC\Ottawa.bin
44,014
1

General Building Characteristics
Insulation Values

Ottawa
6A
eQuest
CWEC\Ottawa.bin
58,477

Ottawa
6A
eQuest
CWEC\Ottawa.bin
36,201

Table 2: Case Studv Model Ini uts and Results
Project Details Al A2 A3 B1 B2 B3

Ottawa
6A
eQuest
CWEC\Ottawa.bin
48,074

Mechanical Equipment
Heating Plant
Heating Plant Efficiency
Cooling Plant
Ventilation Heat Recovery
Energy End Use
Lighting (kWh/year)
Space Heating (ekWh/year)
Space Cooling (kWh/year)
Pumps (kWh/year)
Heat Rejection (kWh/year)
Fans (kWh/year)
Misc. Equipment (kWh/year)
Energy Performance
Annual Electrical Use (kWh/year)
Annual Nat Gas Use(ekWh/year)
Total Energy Use (ekWh/year)
EUI (KWh/ft2.yr)

HE gas-fired boilers
91%

DX office, CW Vent
60%

187,235
475,173
85,188
3,266
21,167
80,188
140,123

517,167

475,173

992,340
17.6

HE gas-fired boilers
91%
Chilled Water
60%

177,537
569,027
50,788
4,171
10,298
65,736
122,182

430,711

569,027

999,738
19.8

gas-fired boilers
80%
DX Cooling
60%

123,617
558,593
27,461
7,473
0
168,252
82,294

409,097

558,593

967,690
22.0

Condensing HW Boiler
91%
DX Cooling
60%

135,342
224,702
11,076
3,956
0
125,920
43,380

319,674

224,702

544,376
9.3

Condensing HW Boiler
93%
Chilled Water
88%

88,989
87,959
28,151
10,642
0
60,329
41,242

229,353

87,959

317,312
8.8

Roof (average weighted R-value) R-30 R-30 R-25 R-37 R-37 R-47
Walls (average weighted R-value) R-20 R-23 R-18.5 R-17 R-27 R-20
|Windows
Window-to-Wall Ratio 16% 9% 13% 19% 12% 5%
Frame type Aluminum Aluminum Aluminum N/A N/A N/A
Glazing type| Double Pane - Air filled Double Pane - Air filled Double Pane - Air filled N/A N/A N/A
Glazing U-value 0.36 0.36 0.35 0.44 0.33 0.36
Glazing SHGC 0.40 0.40 0.30 0.40 0.42 0.54
|Lighting Power Density ( W/ft2)
1.17 1.24 0.86 0.89 0.66 0.61
|Misc. Equipment (W/ft2)
0.90 0.86 0.46 0.28 0.32 0.30
|Outdoor Air Rate (CFM/ft2)
0.63 0.31 0.29 0.16 0.32 0.29
|Operating Schedule
Weekdays 7am-6pm 7am-5pm 7am-10pm 8am-4pm + 7am-6pm 8am-4pm +
Weekends Closed 10am-1pm Sat Closed Closed Closed Closed
Holidays Closed Closed Closed Closed Closed Closed
|System Set Points
Heating (degrees F) 70 70 70 72 72 72
Cooling (degree F) 75 75 74 75 75 75

gas-fired boilers
85%
DX Cooling
75%

62,090
200,881
9,793
2,740
0
68,112
34,421

177,156

200,881

378,037
7.9
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5. Expert Interviews

The primary goal of the interviews was to identify how live modeling is done in practice and link the
benefits of this process with possible energy savings. Interview participants were selected based on their
level of experience with live energy modeling within the context of ID charrettes. Five interviews were
completed with professional energy modelers from across Canada. Two of the interviewees were from
Ottawa, Ontario (in Eastern Ontario), two from the greater Toronto, Ontario area, and one from
Vancouver, British Columbia. Additionally, two of the interviewees had direct experience with the
models for the three ID charrette modeling case studies. Despite there being countless professional
energy modelers around the world, the selected experts represent a group of modelers who have
spearheaded the use of live modeling for the purpose of identifying energy savings within a Canadian
context. Each interview participant was asked the same series of questions especially designed to get a
better understanding of the live energy modeling process.

The interviews were broken down into four main sections in order to outline the process of live energy
modeling. The first section focused on background experience and knowledge; this series of questions
was used to collect information about the knowledge areas needed to be successful at energy modeling
as a profession. The second section focused on charrette preparation; this series of questions addressed
the groundwork leading up to a live energy modeling session within an ID charrette. The third section
looked charrette activity; these questions focused on what the live modeling expert was doing during
the actual charrette. The fourth section focused on post-charrette activity and lessons learned; these
questions addressed what the modeling experts did after the charrette and how the knowledge acquired
during the charrette works its way back into the practice.

5.1 Background Experience and Knowledge

The first series of interview questions focused on the background experience of the interview
participants and identified the necessary knowledge areas to effectively run live modeling within an ID
charrette. Each interviewee was a professional modeler or energy efficiency expert that had between 4
to 30 years’ experience. In addition, they collectively have administered more than 200 ID charrettes
that incorporated live energy modeling with projects dating back more than 10 years. It is clear that the
interviewees are highly experienced professionals working to find innovative ways to use energy
modeling to improve performance.

Each participant was asked the question: “What skills or knowledge areas do you believe to be essential
to successfully run a live energy modeling session?’, and several themes emerged. First, some key areas
of understanding were identified that included thermodynamics, building science, and relevant energy
codes. It was also identified that modelers should be familiar with current state-or-the-art building
technologies and be highly experience with the selected software used in the charrette.

Finally, interviewees were asked what software they use and what about that software makes it ideal
for live modeling. The most common software was eQuest, which uses the DOE 2.2 engine, while
another group of charrettes utilized DOE 2.1e. It was indicated that these software programs were used
primarily because of their ability to complete simulations quickly, but also because they are well-
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supported and fairly simple to use. During a live energy modeling session, simulation run time is critical
since the entire discussion hinges on the speed at which results can be produced. Although being able
to produce simulation results quickly does not directly impact the performance of the building, it allows
the ID charrette to run more smoothly, which in turn improves the quality of the charrette.

5.2 Charrette Preparation

Like most complete processes, a key element of a smooth charrette is preparation. Each interviewee
was asked what information do they required for charrette preparation, as well as how much time do
they spend preparing and what assumptions are made at the onset. There was little variation about what
information is required in preparation. Generally, every modeling expert required a complete set of
preliminary mechanical, electrical and architectural drawings as well as a complete set of preliminary
shop drawings or specifications. Or as one modeler said, “any information available concerning the
building program, design information (which varies depending on how advanced the design is), and
intended use of the facility,” is requested for preparations.

A lot of information is still missing when the team begins preparing for an early stages ID charrette. To
get a better understanding of what information is still missing at this stage, the modelers were asked
‘What assumptions need to be made in order to move the project forward while remaining accurate?”’
Because projects can vary so dramatically, no consistent list of assumption beyond using standard
ASHRAE 90.1 defaults whenever information is missing was identified through the interview process.

Finally, the amount of preparation time varied between 20-60 hours within the 2-week period leading
up to the charrette. Several modelers identified that part of the preparation included either scripting or
pre-running a number of generic ECMs in order to make the actual live modeling sessions run smoother.
There is a lot of pressure on the modeler during the actual live modeling session, so good preparation
is key.

5.3 Charrette Activity

By the time the actual charrette is underway, the modeler’s role is fairly focused. When asked what they
do during the actual charrette, each modeler described a fairly similar process. It begins with
participating in the team discussion with a greater emphasis on listening; this way they are fully aware
of the charrette goals and innovative ideas being discussed. They also each described how, working in
tandem with the charrette facilitator, they start to run each ECM discussed by the team while the
facilitator keeps the conversation focused and moving. As they begin to get results, the modelers provide
the energy use changes of each discussed ECM to the group so that the process can continue forward.
At times, certain ECMs require additional input from the team; this is where other experts can support
the modeler. Several modelers described scenarios where fenestration experts or envelope experts were
able to provide more accurate thermal performance numbers rather than relying on software defaults
for example. As a result, more team members were involved and the charrette model calculations were
more accurate while also offering an opportunity for collective learning.

244



Several of the modelers described charrette processes that involved cost consultants. In the first section
of this research, the importance of including a cost consultant was addressed. It was identified that the
financial information that cost consultants are able to provide leads to greater buy-in from the team
members and also connects the energy performance goals with the project budget. Although there is
clear value in ID charrettes as a whole, it is important that cost consultants are always involved.

Finally, each modeler identified the need for taking notes on the various ECMs discussed. This aided
in the development of the report after the charrette and ensured the spirit of the conversation was
incorporated into the model as well as the report. Additionally, each modeler described a charrette
process that involved multiple team members, this generally included a facilitator and note taker in
addition to the dedicated modeler.

5.4 Post Charrette Activity and Lessons Learned

The lessons learned and post charrette activities part of the interviews provided the most insight in the
process, as each of the modeler had a lot to share. There was a wide range of lessons learned, yet there
was still quite a bit of consistency between responses. Every modeler identified that live modeling
sessions are stressful and that good preparation is key. Because live modeling requires expert knowledge
of the modeling software and engineering principles, it was identified that experienced modelers should
always be involved. However, several modelers identified that live modeling sessions is a great way for
a less experienced modelers to learn. Actively participating in the charrette process is a great way for
inexperienced modelers get a better understanding of how to successfully run an ID charrette with live
modeling.

Another lesson learned was the need to run the ID charrette as early in the process as possible; a best
practice identified earlier in the 1D charrette process section. A charrette runs smoother earlier in the
process for several reasons, as identified in the interviews. First, during an early charrette fewer
decisions have been solidified and the design team members are more willing to consider changes. In
turn this leads to more innovation and willingness to participate from all of those attending the charrette
since there is less need to defend certain decisions.

Keeping the model as simple as possible was another lesson learned. As one practitioner put it, ‘we
should aim to make our models accurate rather than precise.” The more complicated the model is, the
longer the simulation run times will take; when performing energy simulation live, speed is almost as
important as accuracy. For example, a recent project the first author was working on required
collaboration with the mechanical designer to provide deeper analysis. The project was still in the
schematic design phase, however, the model received from the design team already had every room
defined, all 346 rooms. As a result the model took roughly 1 hour to simulate on a fairly robust
computer. In an ID charrette, this run time would ruin the entire process. Had the model been created
with larger thermal blocks rather than every room, the simulation time would have been much quicker.
Keeping a model simple and selecting software capable of quick simulations is key to a successful
charrette.
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5.5 Key Interview Findings

Running a live modeling session is not an easy task, however, if done correctly it can yield superior
energy performance and improve the design process and outcomes. The expert interviews led to a
number of key findings that allow for a successful live modeling session. The key findings are:
Schedule the modeling session as early in the design process as possible.
Ensure that all of the necessary documentation has been collected in order to prepare. This
includes a complete set of preliminary mechanical, electrical and architectural drawings as well
as a complete set of preliminary shop drawings or specifications.
State assumptions and ask design team to confirm inputs and ensure assumptions are correct.
Allow for enough preparation time, somewhere between 20-60 hours. During that time, try to
run likely ECM’s so that the modeling session runs smoother allowing for certain trends to be
identified early.
Select software capable of running simulations quickly.
Do not over complicate the model.
Take lots of notes.
Ensure a cost consultant is present.
Invite other experts to the session, i.e. fenestration, building envelope, landscape, lighting, etc.
Have a dedicated session facilitator, someone other than the modeler, so that things continue to
move forward.

6. Conclusion

An improved process almost always leads to an improved outcome, and as this research indicates the
same is true for the ID charrette modeling process over the compliance modeling process. ID charrette
modeling schools have significantly less predicted energy use than compliance modeling schools, as
indicated by a 58% predicted energy use reduction. This research clearly indicates that participating in
live energy modeling during the ID process can lead to significant predicted energy use reduction for
new K-12 schools in Ontario, Canada. Live energy modeling provides design teams with concrete
number necessary to make informed design decisions and allows for participation in the process by all
design team members. It should be noted that this research is limited in its generalizability due to a
small sample size of six schools located in Eastern Ontario.

An area for further research is the variation of predicted energy use versus actual energy use. Based on
the findings, concluding that live modeling during an ID charrette results in a better performing
occupied building is inaccurate. Predicted energy use is based on simulation results and actual energy
use is based on metered data and it is important that distinction be made when interpreting the results
of this study. Additional research needs to be completed in order to state the effect of live modeling
during ID charrettes on actual energy use. Are larger sample size across a verity of geographic locations
would allow the research to be more generalizable. Once all of the schools in this study are fully
constructed and occupied, an analysis of the actual metered energy use of each school could be analyzed
in order for additional conclusions to be made.
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Abstract

Physical adaptability of buildings has a major role in creating competitiveness for property
investors as well as creating a sustainable built environment. Current real estate investment
analysis methods do not value investments into long-term adaptability because the discounting
effect gives less weight to cash flows further in the future. This paper attempts to apply a newly
developed investment theory for justifying the investor value of long-term adaptability. The
theory, which combines of real options valuation, investment analysis and building component
lifecycle design, proposes that physical asset characteristics can create valuable real options (i.e.
building adaptability) for the real estate investor. This paper applies this theory into a real life
property development case and evaluates the value of real options for the investor. The results try
to explain in economic terms why investors should invest into long-term adaptability. The study
found that the value of real options ranges from 0,0 % to 221,4 % compared to the initial
investment cost of the building component. The extra investment costs for creating these real
options ranges from 0,0 % to 5,0 %. The real option values exceed the costs in most of the cases.
As can be seen from the results, it is important to recognize valuable options from the ones that
do not provide value in the long-term. More research and discussion regarding the practical
usability of the results is needed, as the topic is quite complex.

Keywords: Building adaptability, real options, investment analysis, technical lifecycle,
economical lifecycle
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1. Introduction

Average lease lengths have decreased rapidly and in major markets are now under 5 years (IPD,
2014; Titman and Twite, 2013). The shortened interval for lease break points requires more active
management from the property owner. Since tenant requirements are changing rapidly, the
buildings have to be adaptable into different scenarios of best use in the future. Physical
adaptability of buildings has a major role in creating competitiveness for property investors as
well as creating a sustainable built environment. However, current real estate investment analysis

methods do not value investments into long-term adaptability.

Real estate investment analysis is mainly done with discounted cash flow (DCF) valuation method
(KTl and IPD, 2012; Shapiro, Mackmin and Sams, 2013) where predicted net rental cash flows
are discounted to the present value. The discount rate effect gives less weight to cash flows further
in the future. Many authors, such as Hayes and Garvin (1982) and Myers (1984), have noted that
the use of DCF results in short sighted decision-making because short-term cash flows can make
up the best part of the investment value. In the property sector, this short sightedness is especially
problematic as buildings are constructed for lifecycles of 50+ years and initial design plays a key

role on how the buildings can be used in different market conditions.

Many of the opportunities in active real estate management are constrained by the physical asset
characteristics (PACs) of real estate investments, which are in turn determined in design
processes. Vimpari and Junnila (2015) define PACs as “the limitations and opportunities that the
physical attributes of buildings impose on assets’ economically best use... In other words, PACs
express the extent in which the real estate manager has to operate during the lifecycle of a
building investment.” They also noted *“it appears that PACs do not have a large role in property
analysis as they are mainly assessed through their negative effect on rent and on capital
expenditures that is not as a source of value creation, per se.” Vimpari and Junnila (2015)
developed a theory for valuing building lifecycle investments that can justify the investor value
of long-term adaptability. The theory, which combines of real options valuation, investment
analysis and building component lifecycle design, proposes that PACs can create valuable real
options for the real estate investor. Real options are originally defined as “opportunities to
purchase real assets on possibly favourable terms™ (Myers, 1977). In the context of this paper,
real options enable that the PACs can adapt into new use when the best use of the building requires

it, in economically favourable terms.
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This paper applies this theory into a real life investment case and evaluates the value of real
options for the investor. The results try to explain in economical terms why investors should invest
into long-term adaptability. The study found that the value of real options ranges from 0,0 % to
221,4 % and the extra investments into adaptability ranges from marginal to a maximum of 5,0

%. This paper aims to discuss the reliability and practical usability of the numerical findings.

The paper is organized as follows. The next section describes the relationship between economical
and technical lifecycle as well as presents the Vimpari and Junnila (2015) framework. The
following section presents an applied case study of the framework. Then discussion and

conclusions are provided.

2. Aligning economical and technical lifecycles of
buildings

Arge (2005) found that short-term owners, such as developers, invest less into long-term
adaptability because the extra investment may be hard to justify in the transactions. On the
contrary, long-term owners, such as owner-occupiers, invested more into adaptability. This is an
interesting observation because construction literature argues that the cost of adding adaptability
into PACs is only marginal. Slaughter (2001) analysed 48 commercial renovation projects and
found that interaction between building systems (i.e. structure, enclosure, services and interior
finish)““strongly influenced the building’s adaptability, and that the structural and exterior
enclosure systems, as well as the services and interior finish, should be designed with respect to
anticipated changes.” The study found out that different design strategies that increase the

adaptability often requires only, on average, 2 % extra investments into initial construction costs.

These small extra investments can have an important impact on the building’s economical
lifecycle. To understand the economical value of adaptability, the connection between the market
demand of project (economical lifecycle) and the actual lifecycle of the building components
(technical lifecycle) needs to be examined. In principle, sustainable use of built environment
resources would expect that both the economical and technical lifecycles are as close as possible.
Often this is not the case because the economical lifecycle changes faster than the technical

lifecycle, which results into inefficient occupancy rates or premature demolition.

The importance of aligning economical and technical lifecycles is explained through technical
lifecycle measurement. A building component (i.e. PAC) has an expected technical lifecycle
based on the design requirements for the project. Building components can be divided into two

categories, fixed and movable, with an expected average technical lifecycle. The fixed category
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includes components, such as heating (technical lifecycle of 40 years), ventilation (40), sewage
and water (40), air conditioning (40), electricity (50), structures (200), windows (35), facade (40),
roof (40), balconies (40) and fixed devices and systems (40). The movable category includes
components, such as surfaces of walls (12), roofs and floors (12), fittings (40), partitioning walls
and doors (40). These lifecycles are used as a basis for building design as well as for calculating

the future renovation costs.

However, since the economical lifecycle of the first best use can be much shorter, the technical
lifecycle cannot be exploited fully if there is no adaptability, i.e. investments into technical value
is lost because the PAC cannot adapt into the new economical demand. This effect of this is more
dramatical in the building components that have longer lifecycles, such as HVAC, electricity and
building structures. The lost or gained value with adaptability is pointed out numerically in the
Vimpari and Junnila (2015) framework presented in Figure 1. The NPVs in the framework
“represent the amount that is lost or gained due to the length of the lifecycle that is, if the lifecycle
lasts only nmin years, NPVmin is lost because the PAC has to be replaced nswn-nmin years earlier
compared to the standard lifecycle. On the other hand, if the lifecycle lasts Nmax years, NPVmay is
gained for the opposite reasons. Therefore, if the PAC reinvestment has to be made early, the X
cannot be invested elsewhere with the hurdle rate and it is lost because the PAC does not produce

any profits, per se. The higher the hurdle rate, the higher the amount lost/gained and vice versa.”

NPV 0 line (smaller broken line) divides the distribution
into positive and negative areas (NPV is zero when PAC’s
lifecycle is the same as the standard lifecycle)

NPV =0, if n=ng,,

The negative (white) area of the The positive (grey) area of the

1
K3 distribution illustrates the part 1 distribution illustrates the part
§ where NPV is negative because : where NPV is positive because
23 PAC's lifecycle is shorter than | PAC's lifecycle is longer than the
g 7 i :
) the standard lifecycle ' standard lifecycle
S . /
1
0 1 / /,///
NPVmin(nmin'r) NPVbest(nbestrr) NPVmax(nmax'r)
The NPV is a function of two variables: N J
* nis the PAC’s lifecycle length
(dependent of the scenario) Together the lifecycle length and the
* risthe investor’s hurdle rate hurdle rate defines the distance
(independent of the scenario) between different scenarios and
* The ISO-15686 standards suggests coefficients standard lifecycle

of 0.6 for min and 1.5 for max lifecycle
lengths (compared to standard lifecycle)

\ J

The three scenarios forms a distribution for the PAC, which

* reflects the investor’s preferences and the importance
of lifecycle length exploiting

* isused for the real option valuation

Figure 1: Conceptual framework for valuing lifecycle investments (Vimpari and Junnila, 2015)
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The framework is used to form a single distribution of the PAC’s lifecycle. A distribution is used
because the technical lifecycle defines the limits for the economical lifecycle, i.e. at best the
economical lifecycle has the same distribution as technical lifecycle. At worst, a short economical
lifecycle transforms the distribution in a way that the positive area has a much smaller proportion
(this is illustrated in Figure 2) because there is no adaptability. The framework uses a triangular
distribution because it is much easier to use in practice, as there is often limited information to
form a probability distribution in property context. The framework suggests that the 1SO-15686
standards can be used to define the minimum and maximum lifecycle lengths to form the
triangular distribution. The standards suggest that a coefficient of 0.6 can be used for the minimum
lifecycle and the 1.5 for the maximum lifecycle, compared to the standard expected lifecycle. For
example, a fagade has a standard expected lifecycle of 40 years, but the coefficients suggest that
the range for the lifecycle is from a minimum of 24 years to a maximum of 60 years. In practice,

wear and tear, different conditions, etc. can have an effect on the length of the lifecycle.

The technical lifecycle distribution (which gives the upper boundaries for the economical
lifecycle) is rather straightforward to measure, but defining the economic lifecycle is not as
straightforward. However, it is more important because it dictates how efficiently the technical
lifecycle can be exploited. The economical lifecycle distribution is affected by uncertainty in
space demand during the technical lifecycle. Figure 2 presents the relationship of time and

demand uncertainty.

Public services
Sports facilities

area)
- Changes in tenant
requirements

Short-term and long-term Long-term uncertainty (changes
uncertainty (changes to different type of use)
within the current type of - Residential
use) - Office
- More efficient layouts - Retail
(more tenants in same - Warehouse

(o] Time (years) 50+

Figure 2: Relationship of time and demand uncertainty

The figure presents what kind of uncertainty can incur to the property owner during the technical
lifecycle of the building. The longer the expected same use of the building, the smaller the amount
of uncertainty is during the technical lifecycle. For example, a very long lease agreement reduces
the uncertainty dramatically and thus reduces the need for adaptability investments, from the

property owner’s perspective.
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If the PACs cannot adapt to the uncertainties, the economic lifecycles for the PACs will be shorter
than the technical lifecycles. The value of adaptability comes from the fact that the economic
lifecycle is aligned with the technical lifecycles. Therefore, to value adaptability we need to define
the technical lifecycle and economical lifecycle. If these are not aligned, we need to identify real
options (adaptability investments) for aligning the lifecycles. Then the options are valuated with
the framework and the values are compared to the cost of the extra investments. This is attempted

in the following case study.

3. Case Study

AINOA is a 4-story shopping centre development in Tapiola, Espoo, Finland. It is part of a larger
urban development project that transforms the old centre of Tapiola into new use. A lot of older
buildings from the 1970’s and 80’s are demolished, as they cannot be used anymore. Additionally,
a new metro line will connect the area to the metro grid of Helsinki Metropolitan Area (HMA).

The shopping centre will be ready in 2017.

The investor in AINOA is La&hiTapiola that is one of the largest institutional investors in Finland.
L&hiTapiola plans to own the centre for a long holding period and thus can be considered as an
owner who is interested in the long-term lifecycle performance of the building. Even though the
building has better construction quality than average and is in a great location, there is uncertainty
regarding the economical lifecycles of rentable space within the centre. The main tenant is renting
majority of the premises. In addition to the main tenant, there are a few large and several smaller
retail spaces in each floor. While the main tenant is a very reputable tenant, the owner cannot

expect that it will occupy the premises indefinitely.

In order to value the adaptability strategies for different PACs, technical and economical
lifecycles are defined. Let us assume that the best-guess estimate for the building’s technical
lifecycle is 40 years (in Finland, the average life of shopping centres before demolition has been
39 years according to Huuhka and Lahdensivu, 2014). Based on the 1SO standards, the minimum
technical lifecycle would be 24 years and maximum 60 years. The minimum lifecycle can feel
very short but the triangular distribution gives only a very small weight to it - see Vimpari and
Junnila (2015) for more details. For the economical lifecycles, let as use the following lengths

presented in Table 1.

Table 1: Economical lifecycle distributions

Tenant Min Best Max
Main tenant 10 25 60
Large tenants 5 10 60
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The economic uncertainty can have the largest effect to the main tenant and the larger tenants.
The smaller retail spaces are so small that it is unnecessary to include them into the analysis. The
table presents the economic lifecycles for the tenant categories. The maximum lifecycles are
based on the maximum technical lifecycles, i.e. in the most optimistic scenario the economic
demand is in line with technical lifecycle. The minimum lifecycles are based on hypothetical first
lease agreements (the owner does not want to disclose the real lengths). The best-guess lifecycles
are the most likely scenario for how long the tenant will remain in the building. Figure 3 illustrates

the economical distributions the large and main tenants with and without adaptability.

i) Economical lifecycle distribution without adaptability (Large tenants)  Only 15 % possibility of the distribution is
over the expected technical lifecycle (40
years), i.e. there is a 85 % possibility that the
technical lifecycle cannot be exploited fully

85% |15
: : : : : : : I I ! I f I

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

ii) Economical lifecycle distribution without adaptability (Main tenant) The possibility grows because the min and
best-guess scenarios have higher lifecycles
due to longer expected lease agreement with
the main tenant

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
iii) Economical lifecycle distribution with adaptability The distribution looks like this because
. adaptability allows the economic
EN lifecycle be exploited within the

boundaries of the technical lifecycle

44 % |
I ’ ’ ’ ’ ; ’ ’ ’ ’ I I ' I ! I
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
The possibility is very high
iv) Economical lifecycle distribution with adaptability and better quality materials because the whole distribution

has higher lifecycles but the
standard lifecycle is still 40 years

Figure 3: Economical distributions with or without adaptability
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The figure presents four different economical lifecycle distributions. The first two illustrate how
uncertainty affects the economic distribution and the chance of exploiting the whole technical
lifecycle. The third distribution illustrates how adaptability changes the possibility of exploiting
the lifecycle. The fourth adds the effect of better materials into the distribution, i.e. better materials
raises the expected technical lifecycle for the PAC, which reduces the possibility that the PAC

has to be replaced early.

The grey area in the distributions represents the proportion of the area that exceeds the average
expected lifecycle of 40 years. This is the area where extra optional value is created when the
lifecycle lasts longer than expected. The option value, is calculated from the grey area, see
Vimpari and Junnila (2015) for details. The option value increases as the proportion of the positive
area increases because the expected lifecycle for the technical lifecycle is higher. This means that
more clever design with potential extra investments is needed to increase the adaptability. In
essence, if the main tenant would leave and the space would have to be divided into much smaller
areas, it would not be possible efficiently without the real options. Without the adaptabilities the

areas would have to be divided inefficiently which could results into loss in rentable space, etc.

Using the formulas in the Vimpari and Junnila (2015) framework, the real option values for the
distributions are as follows: i) 0,2 %, ii) 0,5 %, iii) 3,3 % and iv) 18,3 %. These numbers are the
value of adaptability compared to the initial investment. For example, in distribution iv), a

maximum of 18,3 % can be invested into adaptability and better materials.

To find out what kind of adaptability is needed to change the distributions, the building design
solutions had to be assessed. Different designers (Electricity, Architecture/Structure and HVAC)
were interviewed in order to find out what kind of adaptability has been constructed into the
building. The following real options were identified. In the parenthesis is presented the best-guess
technical lifecycle based on common expectations in Finland - the min and max lifecycles for the

option valuation are estimated using the ISO-coefficients as the framework suggests.

Electricity:

E1: Higher capacity for the main electricity connection (50 years)
E2: Higher capacity in the cabling (50 years)

E3: Higher capacity for the main electricity unit (25 years)
Architecture/Structure:

Al: Openings for escalators/staircases in middle floors (100 years)

AZ2: Storey heights allow all types of use (100 years)
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A3: Distance between pillars very long (100 years)

A4: Fagade not load-bearing and allows for window openings (100 years)
HVAC:

H1: Higher capacity in the ventilation units (25 years)

H2: Ventilation ducts allow higher airflows (40 years)

H3: Higher capacity for district cooling can be installed easily (40 years)

These real options changes the i) and ii) distributions to iii) and iv) distributions. The extra costs
and option values are presented in Table 2. In the option valuation is assumed that the standard
lifecycle is 40 years. Therefore, the option value is based on the area that is over 40 years. The
area weighted option value is the value of adaptability. The further over 40 years the area is, the

higher the option value.

Table 2: Option values and extra investment costs

Real option Extra Option value Option value
investment costs (better materials)

El Max 5,0 % 18,1 % 46,2 %
E2 Max 5,0 % 18,1 % 46,2 %
E3 Max 5,0 % 0,0% 0,0%

Al Marginal 180,1 % 221,4 %
A2 Max 5,0 % 180,1 % 221,4 %
A3 Max 5,0 % 180,1 % 221,4 %
A4 Marginal 3,3% 13,7 %
H1 13-1,7% 0,0% 0,0%

H2 13-17% 3,3% 13,7 %
H3 13-1,7% 3,3% 13,7 %

The results in Table 2 suggest that the option values are higher than the extra investments costs
in all cases except E3 and H1. This means that the extra investments are worth the investments
because the potential upside from the options is higher. Raw estimates were used for the extra
investments because the designers had not systematically identified and calculated the extra
investment costs. In the better materials is assumed that they increase the best-guess lifecycle by
20 %. This chosen to demonstrate how the value of adaptability increases because of better

materials chosen.

The extra investments in Electricity allow using the same cabling and main electricity unit with

higher loads that is if the space efficiency increases or tenants with higher electricity requirements
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occupies the premises. The electricity designer had a raw estimate that these investments have a

maximum extra investment cost of 5,0 %.

The extra investments in Architecture/Structure allow using the same structures if the layouts
have to be converted into new use. Additionally, the structures can be used in different type of
use as the storey heights are higher and facades allows for windows openings. Based on a raw
estimate, the extra investments costs ranges from marginal to maximum of 5,0 %. The option

values are very high because the technical lifecycles of building structures are very long.

The extra investments in HVAC allow using the same ventilation units and ducts if the space
efficiency increases or a tenant with higher cooling requirements occupies the premises the same
component can be used. The designer had a raw estimate that these extra investments are only 1,3
% to 1,7 %.

4. Discussion

When interpreting the results, it should be remembered that the numbers are best approximations
based on the expected lifecycles. Nevertheless, the magnitudes of the results seem somewhat
intuitive, as the value of adaptability should correlate with the length of the lifecycle. For example,
the very high option values for the building structures seems logical if they allow using the same
structures for different types of uses over a lifespan of 100 years. Naturally, when talking about
lifespan lengths of this magnitude it raises questions about how relevant it is to prepare for a
period that far in the future. However, if the extra investments into a very small part (e.g. pillars
and ceiling height) of the total building investment ranges from a marginal to a maximum of 5,0
% of extra costs, and as a results it raises the possibility that the whole structures can be used
much more efficiently, the investments is likely worth it. The option value tries to approximate
the monetary value of the extra investment, even though they are merely an approximate. The
option value of e.g. 180,1% would suggest that this is the maximum amount that could be invested
into adaptability — intuitively it does not make any sense. On the other hand, as the extra
investments point out, the real costs are very small. It should be acknowledged that some of these
options could be added later but it would result into much higher investments costs as well as
longer periods of vacancy during the construction activities. This is why the author thinks that the
value of these options should be looked from the lifecycle perspective rather than the rental

perspective.

257



If we look at the results of E3 and H1 where the option values are zero. The results does not make
sense because it suggest that the main electricity unit and the HVAC unit does not need any
adaptability because their expected lifecycles are only 25 which is shorter than 40 years that was
chosen for the standard lifecycle in the valuation. The results would make sense if there would be
no economical uncertainty during the 25 years but there is as the lease agreements can have a

minimum length of only few years.

The challenge with the framework seems to be on how to choose correct the standard (Nstan)
lifecycle length for different PACs and for the whole building. Actually, the results would suggest
that the property owner should take an active role of choosing the expected lifecycle from the
business perspective, rather than basing it on the technical quality (lifecycle) of the product. Then
the value (grey area) that exceeds this expected business lifecycle would be optional and the
property owner would seek for design solutions that maximize this optional value. Thus, the
property owner would have to take a stand on the actual business lifecycle of product (with
technical implication) rather than take them as a given from the developer, which is the case at

the moment. This would result into better alignment of the economical and technical lifecycles.

5. Conclusions

This paper attempted to use the Vimpari and Junnila (2015) framework in practice by applying it
into a real life investment case. The study founds that the value of real options ranges from 0,0 %
to 221,4 % compared to the initial investment cost of the building component. The extra
investment costs for creating these real options ranges from 0,0 % to 5,0 %. The real option values
exceed the costs in most of the cases. As can be seen from the results, it is important to recognize
valuable options from the ones that do not provide value in the long-term. More research and
discussion regarding the practical usability of the results is needed, as the topic is quite complex.
The value of the options depends on what kind of lifecycles is inputted into the framework.
Defining these lifecycles is somewhat confusing because both economical and technical lifecycles
have to be considered.
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Abstract

This paper aims to pinpoint the global megatrends related to urban water management, and to make
recommendations for urgently needed institutional innovations. This paper and the subsequent
analyses are based on the literature study. Almost 700 million people lack access to safe drinking
water, 2.4 billion lack access to improved sanitation services, and 600,000 children under five die
every year as a result of lack of access to improved water services. While these estimates identify the
extent of the problem, the number of people threatened by poor management of constructed systems is
much greater.

The world’s population is increasingly urban, and cities cannot be sustainable without ensuring
reliable access to improved water services. Urban settlements are the main source of point-source
pollution. In many fast-growing cities in developing countries, wastewater infrastructure is non-
existent, inadequate or obsolete. Water storage, treatment and distribution systems are poorly
maintained, and water losses due to leakage and theft, often exceed 40-60% of the total water
distribution. Water infrastructure is rapidly aging and facing massive rehabilitation. By 2016 the
capital expenditure on water infrastructure is estimated to increase 1.5 times from USD 90 billion in
2010 to USD 131 billion. It’s estimated that the urban infrastructure of the world’s cities over the next
20 years will require USD 41 trillion, including USD 22.6 trillion on water and sanitation.

To achieve the Sustainable Development Goal 6 “Ensure access to water and sanitation for all”” by
2030, specific enabling conditions will be required. Therefore, the typology and concepts of the green
economy, along with the principles, approaches and processes of the Integrated Urban Water
Management, and the institutional innovations should be considered and applied.

Keywords: Integrated Urban Water Management, the green economy, institutional eco-innovations,
efficiency improvements, strategic asset management
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1. Introduction

Water is arguably more fundamental than any other resource — to life itself, supporting a huge array of
ecosystem services — and to every economy and society. Water contributes directly and indirectly to
virtually all other ecosystem services but the area of water supply and sanitation also comprises an
economic sector in itself. Water supply and sanitation can thus be considered as a driver with its own
dynamics of pricing, infrastructure and governance (UNEP 2012, 15-16, 19).

According to the United States Environmental Protection Agency (EPA), the sustainable water
infrastructure (the collection and distribution systems, treatment plants and other infrastructure
that collects, treats and delivers water-related services) and the sustainable water sector systems (all
aspects of effective operations and maintenance practices of the utilities and systems that provide
water-related services) are necessary to safeguard the sustainable environmental and economic
development of all the communities (Figure 1, EPA 2012).

STSENEE)
Communities

Sustainable Systems

Sustainable Infrastructure

Figure 1: Sustainable communities are based on sustainable drinking water, wastewater and
stormwater infrastructure and on sustainable systems’ operations and maintenance (EPA 2012).

In 2015, however, 663 million people still lack improved drinking water sources and 2.4 billion
people still lack improved sanitation facilities (UNICEF and World Health Organization 2015, 4-5).
Deaths from water-related diseases are inadequately monitored and reported. A wide range of
estimates is available in the literature, ranging from 2 million to 12 million deaths per year. The best
estimates analysed by Gleick (2002, 4) appear to fall between 2 and 5 million deaths per year.

While these estimates identify the order-of-magnitude of the problem, the numbers of people
threatened by poor management of constructed systems is much greater (Biswas 2013). Billions lack
access to safe water that is reliably and continuously delivered in sufficient quantities (WHO 2014,
iv). Of critical importance is the fact that access to an “improved” water source does not necessarily
mean access to “safe” water fit for human consumption. As a result, for example, half of Africa’s
hospital beds are filled with people suffering from a water-related disease (OECD 2012b cited by
OECD 2013a, 38-40).

A UN-Water Global Analysis and Assessment of Sanitation and Drinking-Water (GLAAS) 2014
Report provides a global update on the policy frameworks, institutional arrangements, human
resource base, and international and national finance streams in support of sanitation and drinking-
water. Ten key findings emerge from the GLAAS 2014 Report as follows (WHO 2014, ix-xi):
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1. Governments show strong support for universal access to drinking water and sanitation.

2. Political aspirations, nonetheless, are impeded by weak capacity at country level to set targets,
formulate plans, undertake implementation and conduct meaningful reviews.

Critical gaps in monitoring impede decision-making and progress for the poorest.

Neglect for WASH (water, sanitation and hygiene) in schools and in healthcare facilities
undermines country’s capacity to prevent and respond to disease outbreaks.

National financing for WASH is insufficient.

International aid for WASH has increased and regional targeting has improved.

Lack of human resources constrains the sector.

Sanitation in rural areas: high needs, yet low expenditures.

Weak monitoring of the critical “‘H’ factor — hygiene promotion.

10 Efforts are being made to reach the poor, but few at scale.
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A UNESCO report states that a shortage of engineers in developing countries is hampering
development. For example, to meet the target of the Millennium Development Goal (MDG) to safe
drinking water and basic sanitation, the report gives an estimate that some 2.5 million new engineers
and technicians would be needed in sub-Saharan Africa alone (Marjoram 2010, 3).

According to the United Nations Department for Economic and Social Affairs 3.9 billion people, or
54% of the global population, lived in cities in 2014, and by 2050, two-thirds of the global population
will be living in cities (UNDESA 2014, 2). Major growth will take place in developing countries,
particularly in urban areas that already have an aging, inadequate or even non-existent sewage
infrastructure, unable to keep up with rising populations. It is estimated that the urban infrastructure
of the world’s cities over the next 20 years will require USD 41 trillion for investments in urban
infrastructure, including USD 22.6 trillion on water and sanitation (UNEP 2011a, 44).

The increase in the number of people without access to water and sanitation in urban areas is directly
related to the rapid growth of slum populations in the developing world and the inability (or
unwillingness) of local and national governments to provide adequate water and sanitation facilities in
these communities (UN-Water 2015, 3). Globally, more than 80% of wastewater resulting from
human activities is discharged into rivers or seas without any pollution removal (UN 2015). The
financial, environmental and social costs are projected to increase dramatically unless wastewater
management receives urgent attention. Under-dimensioned and aging wastewater infrastructure is
already overwhelmed, and with the predicted population increases and changes in the climate the
situation is only going to get worse. Without better infrastructure and management, several millions of
people will continue to die each year and there will be further losses in biodiversity and ecosystem
resilience, undermining prosperity and efforts towards a more sustainable future (Corcoran,
Nellemann, Baker, Bos, Osborn and Savelli 2010, 9-11).

Water storage, treatment and distribution systems are often poorly maintained. Moreover, in many
countries of the developing world, water losses due to technical leakage and water theft often exceed
40-60% of the total water distribution (UN-Water 2012b, 4-5). Underpricing of water has contributed
to the situation across Africa, where on average 35% of water supply infrastructure assets needs
rehabilitation (Foster and Bricefio-Garmendia 2009, 73). In the OECD countries the water services
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infrastructure is also aging and decaying, and needs rehabilitation or replacement. The estimated
investment gap and the state of water infrastructure in some OECD countries and in sub-Saharan
Africa (SSA) are shown in Table 1.

Table 1: Estimated investment gap of water services (water and sanitation) infrastructure in some
OECD countries and in sub-Saharan Africa (compiled by the authors in 2014-16).

Country/ Population State of water services Estimated current Estimated funding
Region infrastructure (scale) funding gap gap per population
(EUR) (EUR/hd)
Canada’ 35,182,0002 Good (Very good-very poor) 34,755,000,000™ 988
Norway? 5,213,985" Water networks 3 (5-1) 22,329,000,000™ 4,280
Sewers 2 (5-1)

Finland 5,426,000¢ 7 (10-4)® 4,803,000,000* 890

USA 320,051,000¢ D (A-E)® 406,426,000,0006 1,270

SSA 973,400,000¢ 6 (10-4)7 219,012,000,0008™ 225

Note: Currency enchange rates on 3 March 2014" and on 3 March 2016™; Population figures: http://www.statcan.gc.ca/daily-
quotidien/150617/dq150617c-eng.htm?; https://www.ssb.no/en/befolkning/statistikker/folkemengde®; United Nations, Department of
Economic and Social Affairs, Population Division (2013). World Population Prospects: The 2012 Revision, Highlights and Advance Tables.
Working Paper No. ESA/P/WP.228¢; http://data.worldbank.org/region/SSA®.

1Canadian Construction Association, Canadian Public Works Association, and Canadian Society for Civil Engineering and Federation of
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The study question is ultimately, how the access to the water services can be increased and how the
functioning of the built systems and facilities can be sustained through their planned lifetime.
Therefore, in the following chapters we briefly introduce the typology and concepts of the green
economy, along with the principles of the Integrated Urban Water Management and the institutional
eco-innovations, which are — based on our findings — the keys in solving the above problems.

2. Integrated Urban Water Management

Integrated Urban Water Management (IUWM) is nested within the broader notion of Integrated Water
Resources Management (IWRM). Given that cities are significant elements of their catchments,
IUWM needs to be linked to IWRM plans and management processes in the broader basin context to
allow the alignment of the urban water sector with others beyond the urban boundaries (Bahri 2011,
3). IUWM principles are the following (GWP 2013, 2-3): Encompass alternative water sources;
Match water quality with water use; Integrate water storage, distribution, treatment, recycling, and
disposal; Protect, conserve and exploit water resources at their source; Account for non-urban users;
Recognise and seek to align formal and informal institutions and practices; Recognise relationships
among water, land use, and energy; Pursue efficiency, equity and sustainability; and Encourage
participation by all stakeholders.
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It is essential that we develop a framework for green growth and water security that incorporates the
integrated approach and addresses water within wider socio-economic goals (GWP 2012, 13). Figure
2 illustrates the coordinating structure that will ensure communication between departments, levels of
government, local communities, and stakeholders (GWP 2013, 3, modified from Tucci 2010).

Urban planning:
Fem——— ) Integration of land and 6 -----
water management

Cmmm——

Institutional:
Legislation and
management

Goals: Quality of life
and environmental
conservation

Coordination of
water services

Figure 2: Integrated Urban Water Management (GWP 2013).

Urban planners can help governments overcome fragmented public policy and decision-making by
linking planning with other policy sectors like infrastructure, and adopting collaborative approaches
that involve all stakeholders in determining priorities, actions, and responsibilities (Figure 3, GWP
2013, 3, modified from Tucci 2010).

Basin
management

Legislation
Land use, environment, water resources

Public Institutional

State and local framework
government

Organised civil

society
Water users

City management

Figure 3: Institutional framework for municipal land and water planning (GWP 2013).
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3. The green economy and water

The United Nations Conference on Sustainable Development (UNCSD) took place in 2012. The aim
was to define pathways to a safer, more equitable, cleaner, greener and more prosperous world for all,
in particular with the help of one important tool available in the context of sustainable development
and poverty eradication—the green economy. The outcome document “The Future We Want”
recognized that water is at the core of sustainable development as it is closely linked to a number of
key global challenges. In particular, the report underlined the critical importance of water and
sanitation within the three dimensions of sustainable development (United Nations 2012, 32).

According to Rotmans, the green economy is not only dealing with the new technological solutions,
but it also requires sustainable ways of living, new institutions, and cultural changes (Rotmans 2012,
cited by Hatakka 2013, 5). The concept of a green economy is not a replacement for that of
sustainable development, but rather a way of conceiving the contribution of economic activities to
sustainable development. If sustainable development is the “what,” a green economy is the “how.”
(Federation of Canadian Municipalities 2011, 10).

There is, however, no internationally agreed definition or universal principles for green economy, and
interrelated but different terminology and concepts have emerged over recent years. Allen and Clouth
(2012, 63-64) gave several definitions developed by different organizations for the green growth and
the green economy. Based on the review of emerging literature using a green economy policy
typology, policies that were proposed in most of the publications included public investment in
infrastructure (such as sustainable energy, water, transport and waste) as well as public investment in
innovation (through measures such as funding for R&D and deployment) (Allen 2012, 40).

Water is fundamental to the green economy because it is interwoven with so many sustainable
development issues, such as health, food security, and poverty. In developing countries, access to
water and sanitation services is a fundamental precondition for poverty reduction and economic
progress (UN-Water 2012a, 5). According to the UN-Water Decade Programme on Advocacy and
Communication (2011b, 33-34):

1. Achieving a green economy is not possible without ensuring everyone has access to basic
water and sanitation services.

2. Transitioning to a green economy in water requires a shift from current practice. Some key
tools to promote the necessary change and support the transition: i) economic instruments; ii)
green jobs; iii) cost recovery and financing; iv) investments in biodiversity; v) technology;
and vi) water planning.

3. Creating incentives for improving efficiency is appropriate where basic water and sanitation
services are already being provided.

4. There is an important role for social dialogue and for communities in the provision of water
services. Community initiatives are vital in places where government action does not reach.

5. The transition to a green economy requires mobilising more funds, but also requires
increasing efficiencies to make better use of the limited financial resources available.

6. Investing in the improvement of biodiversity is critical for sustaining or restoring the water-
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related services provided by ecosystems.

7. Governments need to facilitate innovation and adoption of greener water provision and water
use technologies, contributing to job creation and structural transformation towards greener
economies.

8. Water planning is a powerful social tool for identifying the best way to use water resources to
meet the competing needs of different users.

Direct benefits to society can be expected to flow from increased investment in the water supply and
sanitation sector, including investment in the conservation of ecosystems critical for water. Research
shows that by investing in green sectors, including the water sector, more jobs and greater prosperity
can be created. Arguably, these opportunities are strongest in areas where people still do not have
access to clean water and adequate sanitation services. Early investment in the provision of these
services appears to be a precondition for progress. Once made, the rate of progress will be faster and
more sustainable, thus making transition to a green economy possible. The costs of achieving a
transition will be much less if the increased investment is accompanied by improvements in
governance arrangements, the reform of water policies and the development of partnerships with the
private sector. The opportunity to improve governance arrangements is one of the biggest
opportunities to speed transition to a greener economy (UNEP 2011b, 146).

The World Water Council (2011) proposed three strategic directions, twelve priorities for action, and
three conditions for success as the means to achieve progress in three strategic directions. They
constitute strong enabling factors in addressing all the priorities for action (Figure 4).

7 - 7
Time for solutions
3 STRATEGIC 12 KEY PRIORITIES FOR
DIRECTIONS WATERACTION
t Y
Guarantee access to water for all and the Right to Water
ENSURE Improve access to integrated sanitation services for all
EVERYONE'S Contribute to hygiene and health through water and sanitation
WELL-BEING Protect populations and economies from water-related risks
Contribute to Cooperation and Peace
BUTE goénat?ﬁjltveutlg pFI:oL(;SgSrrFt;IJ%; Ioptimal use of water
TOECONOMIC -
DEVELOPMENT Harmonize Energy and Water

Promote Green Growth and value ecosystem services

KEEP
THE PLANET
BLUE

ood governance

Financing Water for all
Enabling environments

Figure 4: Three strategic directions, twelve priorities for water action and three conditions for
success (World Water Council 2011).
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Focusing on effectively managing assets to sustain services can be as important as focusing on new
infrastructure (World Health Organization 2012, 3). The results of the abovementioned GLAAS 2014
Report show that to improve access and reduce inequalities beyond 2015, much needs to be done to
effectively implement and monitor WASH policies at national level, including to (WHO 2014, ix):

Secure, absorb and target sustained international and national financing;

Renew focus on health facilities as a priority; to strengthen action in the crucial area of
hygiene promotion;

Support the operation and maintenance of existing infrastructure and services;

Expand efforts in neglected rural areas where the need for improved services is greatest.

4. Institutional eco-innovations

The most popular definitions of an institution have at their core social factors that influence, to some
extent, human behaviour (Davis 2009, 3). According to North (1991, 97) institutions are the humanly
devised constraints that structure political, economic and social interaction. They consist of both
informal constraints (sanctions, taboos, customs, traditions, and self-imposed codes of conduct), and
formal rules (constitutions, laws, property rights). Kemper (1996) pointed out that in colloquial
language the expression institution also applies to organizations. For more clarity, she used the term
of institutional arrangement, which indicates the structural nature of institutions. According to her,
institutional arrangements and actors, i.e. individuals, agencies and organizations, compose the
institutional framework.

OECD (2011b, 1-2) notes that innovation will play a key role in implementing strategies for green
growth. In the Oslo Manual, eco-innovation is defined as “the creation or implementation of new, or
significantly improved, products (goods and services), processes, marketing methods, organizational
structures and institutional arrangements which — with or without intent — lead to environmental
improvements compared to relevant alternatives”. Figure 5 presents an overview of eco-innovation
and its typology (OECD and Eurostat 2005, 46, cited by OECD 2009, 13):

Institutions Higher potential
T Primarily social, gy
2 Organisations . and-environmental
S and non-technological change benefits, but more
-% marketing difficult to coordinate
3 methods
E ________ I ———————————— PP
g Processes Primarily
i and

technological change

products

Modification Re-design Alternatives Creation

Eco-innovation mechanisms

Figure 5: The typology of eco-innovation (OECD and Eurostat, 2005, modified by Hukka in 2015).

In this definition, institutional innovations such as changes in values, beliefs, knowledge, norms, and

267



administrative acts are included, along with changes in management, organization, laws and
governance systems that reduce environmental impacts. Innovation, therefore, is not simply about
technological solutions (‘techno-fix” approach). Rather, innovation is a process that has three different
forms with different outcomes: 1) Technological innovations providing specific techniques for
managing/processing materials and energy; 2) Institutional innovations for managing on a society-
wide basis — or even globally — incentives, transaction costs, rents, benefit distribution, dispersal,
contractual obligations, precautions, and individual obligations; and 3) Relational innovations for
managing cooperation, social cohesion, solidarity, social learning and benefit sharing (UNEP 2011a,
36).

5. Conclusions

We conclude that to make a coherent transition to the green economy and to meet emerging needs of
the poorest citizens, the Sustainable Development Goal 6 “Ensure access to water and sanitation for
all”” by 2030 must be achieved. Therefore, there is an urgent need to create enabling institutional
framework for urban water services provision and production — in addition to the exploitation of
technological innovations. First of all, the reformed institutional framework should ensure that there
are more funds available for building new urban water infrastructure to extend access to services as
well as more funds for rehabilitation and replacement of existing deteriorated infrastructure.

Secondly, the framework should have a strong focus on improving resilience, performance and
maintenance of built infrastructure through effective strategic asset management processes, supported
by proper enforcement structures, and on upgrading pricing of services and cost recovery practices.
The framework should, therefore, also include improvements in governance arrangements, reforms of
water policies, and development of viable cooperation between public and private sectors. Thirdly,
the critical role of engineering in addressing water-related global challenges must be recognized more
widely, and human resources development should be addressed accordingly.

We also recommend that in formulation of a new institutional framework, the typology and concepts
of the green economy, along with principles, approaches and processes of Integrated Urban Water
Management, and institutional innovations such as changes in values, beliefs, knowledge, norms,
administrative acts, changes in management, organization, laws and systems of good governance
should be carefully considered and adopted to build up universal coverage and resilience of urban
water and sanitation services.
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Abstract

The built environment industry worldwide is facing significant external pressures such as
increased competition, higher owner expectations, rapidly changing technology and skill
shortages. Building Information Modelling (BIM) has been identified as a socio-technical system
that can be used to improve team communication throughout the project life-cycle, produce better
outcomes, reduce rework, lower risk, provide better predictability of outcomes and improve
operation and maintenance of an asset, among other benefits. Within this context, proactively
establishing quality improvement cycles based on standardised work processes and corresponding
measures of effectiveness will ensure better project outcomes. These outcomes can be driven by
continuously improving systems and active monitoring. This paper introduces a methodology for
developing a whole-of-life asset management strategy for delivering value with BIM across the
life-cycle of built assets. It also presents a framework to assess progress towards value-driven
goals.

Keywords: BIM, value, whole-of-life, asset management, strategy
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1. Introduction

The built environment industry has been facing significant external pressures worldwide such as
increased competition, higher owner expectations, rapidly changing technology and skill
shortages (Hampson, et al., 2014). Building Information Modelling (BIM) is “a digital process
that encompasses all aspects, disciplines and systems of built assets within a single virtual model”
(Sanchez, et al., 2015). It has been identified as a socio-technical system ““that can be used to
improve team communication throughout the project life-cycle, produce better outcomes, reduce
rework, lower risk, provide better predictability of outcomes and improve operation and
maintenance of an asset” (Sanchez, et al., 2014). There is a growing body of anecdotal evidence
about benefits that can be achieved by implementing BIM (Gilligan & Kunz, 2007) and some
firms are measuring some benefits (McGraw Hill Construction, 2014b; McGraw Hill
Construction, 2014a). However, unclear business value and return on investment (ROI) are often
identified as barriers for adoption (Barlish & Sullivan, 2012).

Identifying, monitoring and managing benefits throughout the life-cycle of a project or asset have
been highlighted as a way to help achieve success during implementation of new technologies
(Yates, et al., 2009). “By defining how each benefit will be measured and then providing evidence
for the expected level of improvement that will result from the changes, rigorous and realistic
business case and financial argument for the investment can be developed” (Ward, et al., 2007).
Capturing and disseminating information to ensure intelligent decision making can also help
reduce risk and deal with the large number of variables characteristic of construction projects
(Roper & McLin, 2005).

Within this context, proactively establishing quality improvement cycles based on standardised
work processes and corresponding measures of effectiveness can help ensure better project
outcomes. Metrics play a critical role in driving this process (CURT, 2005). There is a great deal
of literature on BIM adoption and benefits for specific applications, stakeholders and life-cycle
phases (Bryde, et al., 2013; Arayici, et al., 2011; Migilinskas, et al., 2013; Eadie, et al., 2013;
Azhar & Brown, 2009; Kasprzak & Dubler, 2012; Teichholz, 2013). However, there is a lack of
comprehensive studies that focus on mapping and measuring the benefits of implementing BIM
across the whole-of-life of built assets (Sanchez & Hampson, 2016). This paper introduces the
research done to develop a framework to assess the actual benefits of implementing BIM
throughout asset planning, delivery and management applicable to both buildings and
infrastructure.

2. Methodology
This research was developed in Australia in consultation with national and international
organisations encompassing client, designer, surveyor, contractor and facilities management

organisations as well as industry organisation that represent thousands of individual organisations
across the supply chain. The research aimed to:
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(i) Define indicators to measure tangible and intangible benefits of BIM across a project’s
life-cycle in infrastructure and buildings; and

(i) Pilot test a whole-of-life BIM value realisation framework on leading infrastructure and
building case studies.

The research was informed by a thematic analysis of an extensive literature review covering over
400 academic and industry references. The framework was tested through expert consultation and
three exemplar case studies in Australia that featured the use of BIM during design, construction
and asset management. The expert consultation included 31 industry, government and research
experts from across the supply chain with 10-30 years of experience in the field and roles related
to BIM implementation and uptake at the organisational level.

It was important that the framework could be easily applied to both infrastructure assets and
buildings. The research team studied a number of different approaches available to develop a
strategy for measuring the value of information technology in construction. It was also
consistently reviewed by a group of industry and academic experts from infrastructure and
buildings, and at different levels of the supply chain. An introduction to the framework was also
presented at the Australasian Regional Conference organised by the International Roads
Federation (IRF) and Roads Australia in May 2015. This was done to obtain feedback from a
wider audience and address common concerns of BIM guidelines being often directed only to
buildings and architectural design. This research builds on Love, et al. (2014) who proposed the
use of Benefit Realisation Management (BRM) by asset owners. However, the present work
provides a different adaptation of the BRM method and extends it to be applicable to all built
environment stakeholders across infrastructure and buildings. It was also modified to include the
value of unplanned and flow-on benefits as later defined, as well as used to develop a step-by-
step guide and an online interactive tool.

3. BIM Value Realisation Framework

The value of BIM is realised through its benefits for different stakeholders. Benefits arise because
information technology systems such as BIM enable people to carry out tasks more efficiently
and effectively. They do this by allowing and shaping new ways of working through the re-design
of intra- and inter-organisational processes or facilitating new work practices (Peppard, et al.,
2007). The Benefits Realisation Management (BRM) approach was originally developed in the
1980s and 1990s. This method offered a way of understanding the return on investment from
information technologies and systems, and overcoming the limitations of traditional investment
appraisal techniques. This aspect of project management has received increasing attention in the
past few years (Breese, 2012). These practices have been shown to be associated to the creation
of value (Martins Serra & Kunc, 2015) and been applied to a number of sectors and stakeholder
groups (Bradley, 2010; Peppard, et al., 2007). However, tailoring this framework for specific
organisations and sectors is an essential step towards optimising its value (NSW Government,
2014b). Love, et al. (2014) proposed the use of BRM and resource-based view (RBV) “to provide
asset owners with the capability to realize its benefits”. Although building on Love et al’s idea,
this research provides an alternative adaptation of the methodology to serve a larger audience and
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projects at different life-cycle phases. It was also used to develop a detailed step-by-step guide
and online interactive tool to provide guidance for built environment practitioners on how to
operationalise the overarching framework.

The framework (Figure 1) largely follows the traditional BRM structure and principles but
acknowledges that value is realised not only through specifically identified end-benefits but also
through unintended benefits. This has been addressed by including “flow-on” benefits. These are
benefits that can be obtained once the end-benefit is achieved. While not being specific project
goals with targets and associated milestones, they are included to account for the full value
delivered by implementing BIM. The monitoring processes suggests the inclusion of other
considerations such as project context and unexpected situations which may hinder the
achievement of specific benefits. It additionally acknowledges the role of team and organisational
capabilities in attaining value from implementing BIM. This broader view may enable more
complete future benchmarks and better understanding of project-to-project different levels of
implementation success. Finally, it proposes that enablers have associated risk which should be
taken into consideration as they may bring “disbenefits”, these are non-value-adding outcomes
which are counterproductive to the implementation goals.

Value

End-benefit

f\

Flow-on &
Intermediary Other unintended
Disbenefit benefit consideration benefits
A

Capabilities
Enabler

Figure 1: Framework principles

The BIM value realisation framework can be applied at any phase of the life-cycle of an asset and
is meant to complement BIM implementation guidelines. The MacLeamy Curve (AlA, 2007)
however applies to this process as well. This means that, as shown in Figure 2, the earlier changes
and processes required to implement BIM are introduced, the larger impact they are likely to have
on the outcomes of the project and realising its full value.
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N There is no single BIM software that covers all
functionalities and processes. The value to each
stakeholder is therefore delivered by identifying
the specific benefits they aim to gain by
implementing BIM-related tools and processes.
This allows teams to have a clear understanding
of the overall goals, select the path to these
goals based on performance-driven objectives
and establish a strategy to monitor their
progress towards these goals. Thus, another key
aspect of the framework is that it focuses on
. specific  benefits  driving the BIM
Planning Decommissioning implementation strategy and proposes specific
Startina life-cvcle asset and project management processes where

== = Ability to impact value this can be embedded.

m— Accumulated value
Figure 2: Value/life-cycle relationship

Value

3.1 Step-by-step Guide Summary

The detailed methodology and dictionaries were published in the book: Delivering Value with
BIM: A Whole-of-life Approach (Sanchez, et al., 2016a). This section presents a brief summary
of the main proposed steps.

Step 1 - Define end-benefits: end-benefits are the ultimate objectives. They are the value the
team wants to have realised from implementing BIM — such as lower cost, improved safety and
gaining competitive advantage. These are defined in a workshop environment with key
stakeholders that include project manager, asset manager, designers, end-users and other relevant
stakeholders. Including asset managers and end-users can help ensure a whole-of-life insight.

Step 2 - Define intermediary and flow-on benefits: these are the story behind each end-benefit
and defined in the same workshop environment as the previous step. Intermediary benefits are
those expected to occur between the implementation of early changes and the realisation of the
end-benefits. Flow-on benefits are those that may be derived from achieving the end-benefit.
There may also be unintended benefits arising from implementing specific enablers which may
be identified at later stages.

Step 3 - Define enablers: enablers are processes and tools related to BIM uses and
implementation. They help achieve the first intermediary benefit in the chain. A risk is associated
to each enabler, and other considerations such as new skills requirements and cost need to be
included in the assessment.

Step 4 - Assign metrics, targets and incentives: metrics provide the means to justifying
investments made, comparing and ranking benefits, providing targets for success and
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benchmarking and monitoring progress towards goals. Assigning metrics to benefits is the basic
requirement to provide effective accountability. Choosing as many metrics as possible related to
the identified benefits may provide better insight into the success of the implementation strategy.
Targets should be assigned to each metric and, if appropriate, financial incentives for exceeding
targets.

Step 5 - Embed metrics and targets into progress report documentation and processes: this
ensures accountability and provides a rich source of information based on which the group can
make decisions and introduce changes in a timely manner in order to correct situations that may
be hindering the achievement of the goals established in previous steps. Metrics, targets and
incentives should be embedded in the project documentation including the regular progress report
as well as the BIM model itself as appropriate. These should also include processes to record
context information that may be used to understand different levels of success across different
projects.

Step 6 - Workshop follow-up / feasibility and approval: this step is a reality check to evaluate
what specific software solutions can be used as enablers to achieve the selected benefits most
effectively. The associated cost, for example, will largely depend on the capabilities of the project
team and previous experience with specific software packages as well as licences already
purchased.

Step 7 - Progress review and correction initiatives: benefits require active monitoring and
advancement towards targets related to benefits should be reported on and reviewed during project
progress meetings.

Step 8 - Ongoing active learning: benefits are dynamic and will change as technology develops.
Therefore, benefits, enablers and metrics dictionaries should be developed and regularly reviewed
and updated.

Next steps: following the value realisation strategy, there are a number of considerations that will
have to be addressed such as standards, protocols, BIM management roles, risk apportioning, skill
development plans and system requirements. This methodology is proposed to be complementary
to technical implementation guidelines and standards.

3.2 Dictionaries

BIM is not a single software package that teams can just buy and implement in isolation. It is a
new way of working that commonly includes the use of a number of tools, processes and software
solutions. One of the exemplar case studies carried out for this research project was based on the
design and construction of the Perth Children’s Hospital in Australia. This study identified 20
different BIM-related tools and processes that were associated with 26 different benefits
(Sanchez, et al., 2015). The second case study was based on the design of the New Generation
Rollingstock Maintenance Centre also in Australia and identified 17 tools and processes
associated with 25 benefits (Utiome, et al., 2015). This can be overwhelming, especially for new
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users. To address this issue, the research team carried out an extensive literature review to develop
a set of dictionaries.

The Benefits Dictionary includes 31 profiles of benefits that are currently achievable from
implementing BIM. Benefit identification is a critical process in the BRM methodology “used to
create a detailed plan of how those benefits are to be realised throughout the life-cycle of
implementation and use of the new technology, process or system” (Sanchez, et al., 2016b).
Benefits are defined as improvement on the status quo; as opposed to enablers which are those
tools and processes used to achieve a benefit. This distinction is important because in many
academic and industry publications enablers are often cited as benefits themselves. Clash
detection is for example often mentioned as a benefit of using BIM. This however makes more
difficult identifying appropriate metrics that can be used to monitor progress and create industry
benchmarks. In this example clash detection is a tool/process; an element that cannot be measured
in specific terms but just is or is not in use. The real benefit of clash detection is an improvement
in the efficiency of the process of detecting clashes, brought by higher levels of automation and
better communication and coordination; this in turn leads to fewer errors and lower cost. All of
these are benefits that can be measured in different ways and specific levels can be targeted as
success criteria.

Each profile provides a general description of each benefit and provides information about some
interpretations that are specific to particular life-cycle phases. They also include a list of enablers
that can help realise and maximise the value of BIM at different life-cycle phases, benefits that
can flow-on from achieving the profiled benefit, main benefiting stakeholders, metrics that can
be used to monitor the benefit and examples of projects where they have been achieved. The list
was created based on a thematic analysis of the literature with input from the three exemplar case
studies. It includes benefits at different scales that could be considered intermediary or end-
benefits depending on the strategy chosen. This was done aiming to cater for progressive and
incremental implementation strategies that may focus on different benefits at each step. This may
be especially relevant to small and medium sized enterprises (SMEs) and cautious client
organisations with limited resources.

The Enablers Dictionary contains information about 51 enablers grouped under two overarching
categories and 28 sub-categories. The categories were developed using the Pennsylvania State
University “BIM Execution Plan” (Penn State, 2011) as a starting point and further developing it
based on input from industry experts. The two overarching categories are:

(i)  Intrinsic/core: These are enablers that were considered to form the basis of BIM and
maximise benefits from its use across different life-cycle phases. These included
processes that were not standard practice in many countries yet but were considered an
intrinsic part of BIM implementation strategies that aim to maximise its value for all
stakeholders. Examples include “design authoring and data-rich accurate models”, “early
and effective stakeholder engagement” and “object libraries”.

(i)  In Use: These are enablers which are either commonly used nowadays and/or that,
although having had limited use in common practices, either are already growing in use
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or have the potential to do so in the near future and provide significant benefits. Examples
include “3D laser scanning”, “automated clash detection”, “design reviews”, “GIS-BIM”
and “digital fabrication”.

The Metrics Dictionary aims to provide a practical way of avoiding wasted efforts often seen in
recording and tracking metrics which are being tracked elsewhere. The dictionary includes a
comprehensive set of 43 metrics that were found to be practical and offer a set from which each
project can select those that are most appropriate to their goals and needs. These metrics are
mostly based on literature but also include indicators proposed by the authors based on
professional experience, experts consulted and the three exemplar case studies. Metrics were
categorised in four groups:

(i)  People - serve to monitor benefits achieved through changes in behavioural patterns or
that directly affect staff. Examples include *“safety”, *“meetings”, “stakeholder
involvement” and “labour intensity”.

(i)  Processes - monitor benefits achieved through changes to general process improvement
and generally aim to measure the efficiency of these processes. Examples include “time
predictability”, “schedule conformance”, “cost of change”, and “latency”.

(iii)  Procurement - monitor benefits achieved during or through procurement and asset

management processes. Examples include “cost per unit”, “quality”, “program capacity”
and “globalisation”.

(iv)  Sustainability and future proofing - monitor benefits achieved in terms of better
environmental sustainability outcomes and improved emergency management.
Examples include “resource use and management”, “carbon emissions and footprint”,
“emergency latency” and “emergency plan and response effectiveness”.

It should be noted that, although case study participants highlighted sustainability as one of the
drivers to implement BIM, the research team found it particularly difficult to find literature about
metrics that could be included in this category. This is proposed as a potential gap in the literature
for future research.

A complete list of benefits, enablers and metrics can be found online on BIM Value (see section
3.3) or in Sanchez et al. (2016a).

3.3 BIM Value

The experts consulted to test the practicality to the framework suggested that one of the main
barriers to adoption is fast and easy access to information about benefits, enablers and metrics.
This led to the research team translating the dictionaries into an open access online interactive
tool to step through the first four levels of the framework. This tool, BIM Value
(http://bimvaluetool.natspec.org/), provides a tailored information delivery system. It guides the
user through six steps where they select the stakeholder group and life-cycle phases they are
interested in and the tool provides a set of benefits that apply to those two parameters. The user
can then select those benefits they are interested in and the tool provides a new list of enablers
and metrics which apply to the selected stakeholder group, life-cycle phase and benefits. In the
final step, it produces a report with a summary of descriptions of the different benefits, enablers
and metrics selected that also includes examples and references to follow upon. The tool also
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offers the possibility of accessing the dictionaries directly and provides links to other sites with
BIM-related videos and guidelines. In its first week and with close to no publicity, the tool had
over 240 new users trying it out, mainly from the UK and Australia. Four months later, the tool
has had over 4,000 views with a return rate in March 2016 of 49.3%. This is suggested to be a
reflection of the industry’s interest in accessing information about tangible and measurable
benefits from implementing BIM.

3.4 Research Limitations

The methodology presented here, although based on an arguably proven approach such as BRM
and submitted to a thorough review process with industry and academic experts has had a limited
validation process. The framework was partially validated by the Sydney Opera House which was
transitioning into a BIM-based asset management system. Feedback from this effort and the
previously outlined consultation was used to finalise the framework into its present form.
However, although originally planned, a more comprehensive validation process was not possible
due to time and resources constrains. The research team will continue to work towards the
validation of the complete process in the near future.

3.5 Future Research

Future research will aim to continue to develop and improve the BIM Value tool through new
modules in order to increase its value to the industry. One of such modules is for example expected
to form the basis for a world-first BIM benefits benchmarking system (BIM Value Benchmark).
This new effort will also seek to understand how meta-data created from using the tool can be
used to most benefit the industry.

4. Conclusions

This publication has introduced a methodology to identify and monitor benefits that will serve to
realise and deliver value with BIM across the life-cycle of an asset to different stakeholders. This
research was based on an extensive literature review, expert consultation and three exemplar case
studies. An important aspect of the research was to collaborate with industry and government
organisations across the supply chain to receive feedback on the practicality and completeness of
the outcomes. This collaborative effort aimed to ensure that the outcomes of the research were
most relevant to different industry stakeholder groups as well as complementary to outputs of
other organisations active in this space. Outcomes of this research are expected to help achieve
more informed value-driven assessment and continual improvement of the implementation of
BIM across assets and life-cycle phases.
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Combining BIM and Lean Construction: Towards
Enhanced Collaborative Working?
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Abstract

In this paper, the influence on collaborative working by using BIM and two Lean Construction
inspired tools in a real-life design process is scrutinized. Statsbygg, as the building commissioner,
expected that requiring the use of BIM, as well as the two Lean Construction principles; co-
location and a takt-time planning would enhance the collaborative working among the design
team. The case study is based on qualitative data which stems from semi-structured interviews,
observational as well as document studies. The findings indicate that the combination of BIM
and co-location helped to improve the collaborative working including fostered faster
communication, and contributed to a good social climate in the design team. However, the data
also suggest that not all parts of Statsbygg’s contractual “BIM and Lean Construction package”
were equally successful in practice. The takt-time planning tool was not used at all by the design
team. An explanation for this disparity in successfulness is partly due to that BIM and co-location
got more attention from Statsbygg compared to the takt-time planning tool in the implementation
process. Moreover, the design team had experiences with BIM and co-location from an earlier
project, and thus found it easier to make use of elements that were familiar. Based on the analysis,
it is concluded that the combination of BIM and co-location have a potential to impact positively
on collaborative working in the design phase by linking actors together both technological and
organizational. However, such an outcome requires a careful planning and implementation
process.

Keywords: BIM, building process, case study, collaboration, lean construction
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1. Introduction

The architectural, engineering, and construction (AEC) industry creates complex and unique
buildings. Construction work is organized as projects; temporary coalitions between two or more
organizations (Jones and Lichtenstein 2005). Construction projects consist of teams from different
companies who work together to realize the project’s goals. These industry specific characteristics
are of great importance for how the industry operates. As pointed out by numerous researchers,
the construction industry suffers from several unfortunate conditions that affect the industry
unfavourably. Some have characterized the relationships in construction as “loose couplings”
(Dubois and Gadde 2002). This notion refers to temporary coalitions of companies and
individuals that come together to complete a project, and then disband. An important feature is
the fragmented nature of the industry. Consequently, potent collaboration between actors from
different companies throughout the constructions process is required. Still, prior experience
recognizes that this is really difficult to achieve. However, in the last decade we have seen
promising technology in terms of building information modelling (BIM). With the use of BIM, a
network of interdependent actors can collaborate to develop and utilize a 3D object of the planned
building (Taylor and Bernstein 2009). Ideally, BIM technology should create a tight technological
coupling among the actors who share models (Dossic and Neff 2010). The starting point of this
paper is how potentially tight technological couplings work out in an industry known for its
fragmented nature.

In this paper, an explorative case study from Statsbygg is investigated. Statsbygg provides
guidance in the purchase and leasing of premises and, in respect of new buildings, act as building
commissioner on behalf of the Norwegian government. This case deals with the detailed design
phase of a refurbishment of a university building where Statsbygg acted as building
commissioner. The case study is about Statsbygg’s request of using BIM, and some Lean
Construction principles including co-location of the design team as well as a takt-time planning
system. Statsbygg’s expectation was that this combination would enhance collaborative work
among the actors in the design team. By collaborative work I refer to the joint working of various
actors or different organizations to effectively accomplish a project (Xue et al. 2010). However,
one cannot simply assume that improved collaborative working is automatically achieved.
Previous case studies have shown that implementation and use of BIM and Lean Construction are
affected by the interplay between the triangle of technology, people and process. To succeed,
mutual adaptations regarded to the three elements are required by the involved actors (cf. Moum
2008). Thus, the following research question will be examined: How was the collaborative work
among the design team in the case studied affected by the request of using BIM and Lean
Construction?

2. Conceptual framework: Lean Construction and BIM

Taiichi Ohno is the person usually credited for having launched the Toyota Production System
(TPS), which can be seen as a precursor to what is here referred to as Lean Construction. Lean
thinking is generally based on the following five principles: 1. the value associated with the
product as specified by the customer. 2. The value stream, identifying the value stream for each
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product and to avoid waste. 3. Flow, to create a value flow without interruption. 4. Pull, to let
customer needs guide the production process. 5. Continuous improvement, creating a continuous
improvement throughout the process (Womack and Jones 1996). Lean Construction is inspired
by TPS, and emerged as a concept in the early 1990s. Lean Construction is based on an
assumption that Lean manufacturing principles cannot be transferred directly to the construction
industry. The construction industry is characterized by more variety and uncertainty about
production compared to the manufacturing industry. Koskela (2000) proposed the use of the
Transformation-Flow-Value (TVF) theory where production was conceptualized in three ways:
1. As a transformation of inputs to outputs. 2. As a flow, in addition to transformation there is
waiting, inspection and moving stages 3. As value; where production is seen as means for the
fulfilment of the customer needs. The conventional conceptualization of production within
construction industry has been based on the transformation concept only. This implies that
production management in this conceptualization is all about dividing the total transformation
into tasks which is sought to be handled as efficiently as possible. Koskela (2000) claims that all
three conceptualization are necessary and they should be used simultaneously. The TVF theory
led to the birth of Lean Construction. The aim of Lean Construction is thus *... to design
production systems to minimize waste of materials, time, and effort in order to generate the
maximum possible amount of value™ (Koskela et al. 2002, p. 211). It is significant to stress that
the term Lean Construction may refer to the use of Lean in the entire construction process and not
only the construction phase. However, in this paper Lean Construction is used to denote the use
of Lean principles and tools in the design phase (cf. Emmit et al. 2004).

The acronym BIM can be used to refer to a product building information model, a structured
dataset describing a building, or an activity building information modelling - the act of creating a
building information model (Moum 2008). In this paper, BIM is a term referring to three-
dimensional computer-aided and product-oriented design technologies and processes in the AEC-
industry. With the use of BIM, a network of interdependent actors can collaborate to develop a
model of the planned construction works (Taylor and Bernstein 2009). A frequent scenario is that
the designers merge their discipline-specific models to a multidisciplinary model, and by using
applications for visualization and collision controls get a better cross-disciplinary understanding
of each other’s requirements, detecting conflicts, errors and omissions across disciplines (Moum
2008)." It has been argued that the construction industry may be facing a new paradigm triggered
by BIM (Azhar 2011). This paradigm shift is partly expected to change the traditional discipline’s
practices towards more integrated processes. It is also expected that BIM can result in a seamless
flow of information across different actors and disciplines in the construction process. This
implies that it is not only a change in technology itself, but that the change also affects procedures,
tasks, roles, etc. Consequently, the new paradigm can be seen as organizational as well as
technological. One of the most striking arguments for implementing BIM is that it has the
potential to improve the collaboration among the actors involved in the construction process. To

1 In this scenario, BIM is not used to its full potential. See this link for a discussion of different BIM maturity levels:
https://www.thenbs.com/knowledge/bim-levels-explained
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accomplishing these promised improvements, the project team needs to adapt and work together
in an integrated unit.

2.1 BIM, Lean Construction and collaborative working

Lean Construction and BIM are not dependent on each other. This means that Lean Construction
can be adopted without BIM and BIM can be adopted without Lean Construction. However,
evidence of interactions between Lean Construction and BIM has been identified. In a paper,
Sacks et al. (2010) discuss interactions of Lean Construction and BIM. Based on a comprehensive
analysis they find that Lean Construction and BIM have several overlaps. Consequently, the
authors claim that: *“... the breadth and depth of interconnections between them [Lean and BIM]
implies that any company or project on a lean journey should seriously consider using BIM for
enhancing the lean outcomes. Conversely, any company or project implementing BIM should
ensure that their adoption/change process is contributing to the fullest extent possible to making
their processes leaner” (Sacks et al. 2010, p. 979). Based on this conclusion, I assume that the
potential for improvement of a construction process are enhanced when BIM and Lean
Construction are integrated. As the discussion above shows, basic premises for both BIM and
Lean Construction are about improving collaboration by different actors in the construction
process. This was also present in Statsbygg’s thinking in the project. Statsbygg assumed that BIM
and Lean Construction positively affect each other and that the combination of the two would
strengthen the collaborative work in the design phase. The relationship between BIM, Lean
Construction and their impact on collaborative working as it is perceived in this paper, is
illustrated in figure 1. In the following, figure 1 will be briefly explained. The introduction of
BIM and Lean Construction in a project may have impact on collaborative work in all parts of the
construction process. In addition, using BIM and Lean Construction can affect and influence
different processes on several levels. Following Moum (2008), three levels can be identified: 1.
the micro-level which focus on individual processes. 2. The meso-level covers processes and
mechanisms within a group, for instance the design team. 3. The macro-level covers mechanisms
on the overall project level. There has been increasing recognition in research that collaborative
working is one of the most important and critical success factors for construction projects (Xue
et al. 2010). In this paper, collaborative working constitutes the “dependent variable”, while BIM
and Lean Construction are the two “independent variables”. This paper studies the impact of BIM
and Lean Construction on collaborative working delimited to the design phase. This is no
coincidence; a fundamental pillar of a successful construction project is a good design process
(Moum 2008). Thus, I concentrate on BIM and Lean Construction’s impact on collaborative
working among the design team. This implies that processes primarily on the meso-level will be
in the spotlight (highlighted in figure 1).
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Figure 1. BIM, Lean Construction and collaborative work.
3. Methods

According to Yin (2003), a case study consists of an in-depth inquiry into a specific and complex
phenomenon, set within its real-world context. Case studies are seen as appropriate to answer
“how” and “why” questions and allow for the investigation of many variables consequently
generating in-depth knowledge (Yin 2003). In this paper the impact of using BIM and Lean
Construction on collaborative working in a real-life construction project is studied. Consequently,
an in-depth case study seems necessary. The case study in this paper is based on qualitative data
which are generated from semi-structured interviews with leaders and “hands on” project
participants; this includes both people from Statsbygg and the design team. The purpose of the
interviews was to get informants' own assessments of the project and how the use of BIM and
Lean Construction affected different aspects of collaborative work. In the interviews, | asked
questions about how co-location influenced collaboration across organizational boundaries, how
BIM was used across disciplines as well as what takt-time planning meant for planning processes.
All interviews were done in Norwegian. Consequently, the quotes used in this paper are translated
from Norwegian to English by the author. All in all, it was conducted eleven semi-structured
interviews. As a part of the data collection | have also observed five design meetings. About 10
persons attended each of these meetings. In this part of the study | chose a non-participant strategy
(Yin 2003). Such a strategy implies that | was not a part of the activity taking place at the
meetings, but simply visible observers. In addition, documents have been used as a supplement
to other data types generated through interviews and observation. The documents are mainly
project-specific documentation from Statsbygg. This includes contracts and tender documents,
written information about the building, as well as more general information such as Statsbygg’s
current BIM manual.

4. The case: Urbygningen

Statsbygg is one of the industry partners in an ongoing Norwegian research project called
SamBIM (Collaboration with BIM as a catalyst) financed by the Norwegian research council.
This research project is based on a joint effort of Norwegian industry and research partners. In
this project several actors from the construction industry wants to try out and develop BIM-driven
processes and collaborative models that boost value creation in the SamBIM partners, in the
building projects, and in the AEC-industry.

The case study in the paper deals with the detailed design phase of a refurbishment of a university
building named Urbygningen at the Norwegian University of Life Sciences (NMBU) located
outside Oslo. This building project is one of Statsbygg’s contributions to the portfolio of case
studies in the SamBIM project. The detailed design phase lasted from April 2013 to august 2014.
The buildings gross floor area is 8.190 m2 and the budget for refurbishments is 307.5 million
NOK. The rehabilitation of Urbygningen has been a long-drawn process. The preliminary design
was completed in 2009. Then, the project was abandoned for several years while waiting for the
necessary government funding. In January 2013, Statsbygg received an assignment from the
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Norwegian Ministry of Education and Research to start up the process for rehabilitating the
building Urbygningen at NMBU. In March 2013, Statsbygg put the project out to tender. The task
was about hiring a design team for carry out the detailed design phase. Because of the connection
to SamBIM, the building project's ambitions were raised compared to a more “normal” Statsbygg
project according to some of the informants from Statsbygg. In the contract documents it was
also emphasized that the project should be executed as what is referred to as a “Lean project”.
One of the tender documents had a distinct focus on collaborative working, BIM and Lean
Construction. This document was titled “Collaboration memo” and describes how Statsbygg
envisioned BIM and Lean Construction in this project. In the document we can read the following:
*“... Lean construction should be used in this project, both during the detailed design phase and
construction phase. Lean is introduced in the project together with BIM and logistics planning.
Lean is about creating flow between individual actors, disciplines, phases and tasks in a
construction project allowing holistic process. An important factor succeeding with Lean is that
everyone in the project participates and is willing to take part of the process” (Statsbygg 2013).
Altogether, Statsbygg anticipated that the use of BIM and Lean Constriction should lead to a
project with more collaborative working among the actors in the design team thus leading to better
design phase (Statsbygg 2013).

4.1 Implementation: How was the design phase carried out?

Based on a competitive tendering, a design team was selected. The chosen design team was a
constellation of five Norwegian consultant companies. This group started their work in the spring
of 2013. In the very beginning of the design phase the whole design team attended a training
course where they were given a brief introduction to the main ideas of Lean Construction and
takt-time planning principles. According to my informants the takt-time planning principles were
neither used nor particularly mentioned throughout the design phase. This lack of use was by my
informants related to the fact that the design team itself did not have any experience with such
principles. In addition it was emphasized that the planning principles was not further requested
by Statsbygg during the design phase. In other words, it was mainly the design team’s
responsibility to determine the organizing of their work, albeit based on Statsbygg's contractual
specifications. It was in particular the use of BIM and co-location of the design team in a so-called
big room which got most attention and became the fundamental work principles. This kind of
working implied in this project that the design team should be co-located in a common office two
days a week. This form of working is inspired by Lean Construction and some principles taken
from so-called Virtual Design and Construction (VDC) (Chachere et al. 2009). There exists
several touch and overlaps between Lean Construction and VDC. An important shared feature is
the focus on activities that bring value to the project and minimize waste activities. When working
co-located, all relevant actors are gathered in a big room where they work simultaneously using
technology such as BIM. In this construction project, the big room was furnished with desks, one
interactive whiteboard as well as an old fashioned screen and projector. In addition, adjoining
offices were made ready for separate meetings, phone calls etc. They also had a fairly large room
where everyone had a permanent work station. Statsbygg and the design team agreed upon a
weekly schedule. The schedule meant that the main disciplines should be present two days each
week together with representatives from Statsbygg. Representatives from the end-user would also
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be present when needed. The intentions with this form of working were to strengthening
collaborative working, including the interdisciplinary collaboration as well as reducing waiting
time.

5. Findings

In my interviews, | was concerned about getting deeper insight into how the use of BIM and Lean
Construction affected the relationship and collaborative working among the actors in the design
phase. These are processes which primarily are located at the meso-level as discussed in the
paper’s conceptual framework (figure 1).

All actors interviewed were familiar with BIM from earlier projects. Most of them had worked
on several BIM-enabled projects. When asked about BIM and collaboration, almost all informants
told that BIM had led to a better understanding and knowledge of the other designers’ work and
had brought valuable opportunities for interdisciplinary control. Below is a quote that
demonstrates what a number of informants told in the interviews:

“BIM is a significant improvement. It is easier to work together when we have a common model.
I can see what’s have been done by others. | can also see how other designers have planned and
how I must relate to their work™ (Designer).

In the quote above, aspects related to the interdisciplinary work are highlighted as favorable by
using BIM. Nevertheless it was especially the combination of BIM and co-location in a big room
my informants emphasized as particularly useful. All informants’ from the design team had earlier
experience from projects where co-location and BIM were used in combination. This experience
was by several pointed out as something valuable because the team knew about the working
methods and what that entailed. In addition, the design team was familiar with each other from a
Statsbygg project some months in advance, were the combination of BIM and co-location was
tested. Some informants claimed that this familiarity gave the project a flying start because the
team did not have to “go up a completely new path”. Below follows a quote from an informant
who underlined the significance of being familiar the “new” way of working form prior projects:

“This [the co-location of the design team] was not completely new to me. | have been working
on another project with Statsbygg where we were co-located two days each week biweekly.
Several persons from the design team [in this project] were also involved in that project”
(Designer).

5.1 More and better inter-organizational collaboration

Several of my informants upheld that the combination of BIM and the co-located type of working
had facilitated the group working together as a unitary team. This was partly explained by pointing
out that it was much easier to approach designers from other disciplines and companies when the
team was co-located and the intention was that they should work together. Some informants
pointed out that this kind of working contributed to erase the organizational boundaries between
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the different companies. The two following quotes illustrate some of what is discussed in this
section; in addition they show that the informant’s claim that they behave differently towards
people they get to know better:

“... it is about that we get a different relationship, a better relationship, with the other persons
in the project when are co-located and working together compared to the “usual projects’. This
is my experience at least” (Designer).

“I think maybe | behave a little differently towards the other people in the project [when co-
located]. | mean, differently towards the people | do not usually work together with in my
company”” (Designer).

The next quote illustrates the dynamics that may occur when the design team is co-located. The
informant points out that designers who initially was not a part of a discussion easily can join in
and contribute to the interdisciplinary development of the project:

“I think it is very positive to be co-located... If | have a problem I need to discuss with another
discipline. Traditionally, | would make a phone call. However, when we are co-located and talk
together often also other consultants are drawn into the discussion make important contributions.
This would not happen if just the two of us talked about this on the phone” (Designer).

Some of my informants also claimed that working co-located with BIM had a positive impact on
what they referred to as the team spirit. Because of the co-location the actors spent quite some
time together socializing; working, held meetings and had lunch breaks twice a week. In my
interviews, the social aspects were a recurring theme. Two informants put it like this:

“We have spent much time together, it's nice and | think that it has helped us to create a good
social atmosphere in the group’” (Designer).

“Co-location has a positive effect on faster communication. In addition it can also prevent
conflicts, and create a better atmosphere [in the design team]” (Designer).

5.2 Faster communication and shorter waiting periods

Several informants were particularly concerned about being co-located, which they perceived as
leading to short lines of communication and better opportunities to make decisions quickly;
“decisions can be made right away on the spot™, as one designer said. Especially the combination
BIM and co-location opened for faster ways of communication. Using BIM co-located made it
feasible to go quickly into the model together, to watch and discuss different scenarios. Some
informants argued that such a combination meant that they could make clarifications and quick
decisions, as compared with traditional projects that could take several days if the communication
took place on telephone or email. This may imply that the design phase in full can be completed
faster with this way of working. In the interviews, the informants told a great deal about faster
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communication and reduced waiting time. Below is a quote that summarizes an essential part of
what | was told in the interviews:

“The greatest profit in my view is that we have access to everyone who know something about the
project in less than a minute - often it takes only 10 seconds [to contact other members of the
design team]. This makes things very efficient. In that sense, other projects can learn a lot”
(Designer).

5.3 A challenging aspect: “professional loneliness”

Even though a number of positive sides of working co-located with BIM for the collaborative
working were mentioned, some more difficult aspects came up in the interviews. Several
informants told that being away from the workplace and then from their own professional
environment could be challenging. This is due to the lack of co-workers or others with more or
less the same educational background for discussing professional issues. Such an aspect can be
denoted to as a kind of professional loneliness. One informant told about the professional
loneliness in this way:

“You lose some of the contact with others in your profession. In my previous project, the whole
group was co-located, it was better. It was an advantage. In this project | feel a bit ‘lonely’. At
my workplace | have a lot of colleagues to discuss with” (Designer).

Most of the processes discussed in this paper are group processes at the meso-level. However,
professional loneliness primary concerns individual design team members at the micro-level (cf.
figure 1).

6. Discussion

Prior research has pointed out that collaboration problems in construction processes are partly
caused by industry characteristics. The industry is project based, meaning that construction
projects most often consist of participants from several different companies working together for
a limited time span (Jones and Lichtenstein 2005). The central question in this paper is then if the
combination of BIM and Lean Construction can help to remedy this problem and thus lead to
enhanced collaborative working among the design team?

My data suggest that this to some extent occurred. In particular, it turned out that the combination
of BIM and co-location of the design team generated quite good results on the collaborative
working. This is in accordance with the framework presented in section 2.1. Hence, the findings
point to that BIM and Lean Construction influence each other positively in enhancing
collaborative working. First and foremost, virtually all my informants were very satisfied with
the use of BIM. Several informants told that BIM makes it easier to collaborate across disciplines
and companies. The informants highlighted the opportunity to work on a common model, carry
out clash controls, and the visualization possibilities as especially useful and important for
strengthening the collaborative working. In addition, almost all informants stressed that the use
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of BIM in combination with co-location of the design team fostered fruitful climate of
collaboration. Several informants also stated that communication is going faster under such
conditions; the co-located team can quickly find good solutions while using BIM technology to
visualize complex problems and potential solutions. These kind of situations opened up for
making decisions “on the spot”, which was particularly advantageous. In addition, quite a few
told some more about social aspects; when working closely together each week the member of
the design team becomes more familiar with each other and that could result in a greater level of
understanding for others professional perspectives. In other words, my findings point toward that
such an approach helped to improve the inter-organizational and interdisciplinary collaboration,
fostered faster communication and made improvements in waiting time, as well as it contributed
to build understanding among the involved actors. As a whole, this contributed to enhance the
collaborative working among the actors in the design team. Despite many positive experiences,
some informants also expressed that co-location could lead to a form of professional loneliness.
This happened as a result of missing colleagues with more or less the same competence to discuss
professional issues when co-located.

However, the data also reveals that not all parts of Statsbygg’s contractual “BIM and Lean
Construction-package” were successful in practice. This relates especially to the intended use of
a Lean Construction inspired takt-time planning concept. In the findings | described that the
building commissioner Statsbygg specified some specifications. However it was largely the
responsibility of the design team itself to take care of the implementation. The empirical
presentation and discussion in previous sections has shown that the informants consider that they
succeed quite well with implementing BIM and working co-located, but not with takt-time
planning. According to the informants from the design team, the lack of using the takt-time
planning system could partly to be explained by fact that it was not further requested by Statsbygg
during the design phase. In addition, the design team did not have any experience with such a
system. The lack of demand combined with limited experience made it easy for the design team
to take the presumably easiest path; they chose what they had done some months ago, namely
BIM and co-location. This is not necessarily a bad choice. It implies that the design team applied
a model they knew worked quite well and that they could further improve in this project. A
drawback is that such a decision easily can lead to a kind of lock-in situation where old certainties
are exploited rather than searching and exploring for new and perhaps more superior ways of
working (March 1994). Because of the design team’s lack of experience, it would probably be
favorable if Statsbygg as an actor with a lot of resources to a larger extent had been helping to
facilitate the implementation process in this case. This can be seen in connection with another
SamBIM case project where Statsbygg played a much more active role in the implementation
process. In that project Statsbygg was a driving force in the implementation of BIM and various
Lean Construction tools in the design phase. At the same time Statsbygg emphasized to involve
the design team in decisions about BIM and Lean Construction (Brathen and Moum 2015).
Brathen and Moum (2015) claim that Statshygg’s active role combined with the involvement
probably was essential for the successful implementation. As the analysis points out, BIM and
co-location had a quite good effect on the collaborative work in the case studied. However, this
positive effect could possibly be even better if the takt-time planning system had been adopted
together with BIM and co-location as initially planned by Statsbygg. Earlier research such as
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Sacks et al. (2010) emphasize that great advantages can be realized when several processes and
tools are combined.

7. Conclusion

The various processes and tools that Statsbygg planned to test out in this construction project
turned out quite differently in practice. The disparity in successfulness is probably partly due to
that different elements being emphasized in varying degrees by Statsbygg in the implementation
process. Put differently, elements which are given little or no attention in the implementation
process are less likely to lead to good results. Due to no knowledge within the design team
combined with little attention from Statsbygg in terms of takt-time planning, there was not created
a necessary ownership and a common vision for the use of this planning system in the project.
These shortcomings were probably significant for the less successful result of the takt-time
planning system compared to the combination of BIM and co-location. This argument may also
have a more practical implication for actors like Statsbygg who wants to take an active role in the
development of the construction industry. To succeed with new working methods, the actual
implementation and development process “on the ground” is just as important as formulating well
considered and innovative contract specifications.

Despite this, it is important to be aware of the limitations of this case study. There are certainly
some factors in this pilot case which distinguishes it from “the usual construction project”. One
factor is related to the fact that the design team knew each other quite well and had worked co-
located with BIM in another Statsbygg project some months earlier. This “earlier experience
factor” may have led to better results than usual since the constellation already knew each other
and had partly adapted work principles. In addition, the findings in this paper are limited to a
single case study. Further research from other contexts is thus needed to draw firm conclusions
which could be applied to the construction industry at large. Despite the abovementioned
limitations, it appears that BIM and co-location have a potential to impact positively on the
collaborative work in the design phase of construction projects by linking actors closer together
both technological and organizational. For that reason, the previously proposed conceptual
framework finds support in the empirical evidence. Indeed, such a successful outcome requires a
careful planning and implementation process.
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Abstract

The aim of this paper is to investigate different approaches adopted to define the content of a
Building Information Model (BIM). In order to improve the effectiveness of the Built Asset
during the whole life-cycle, the Construction Industry is moving towards a digital eco-system.
Thus, the implementation of Data-Driven Projects based on Building Information Modeling is
wide-spread and becomes more and more a mandatory requirement. The Building Information
Modeling methodology is based on an Information Model that contains the updated and amended
information related to the project, starting from Briefing and Conceptual Design. So to achieve a
performing process, it is essential to provide any needed information at the right time. For this
reason, several concepts related to the definition of data sets belonging to BIM, such as “Level of
Development’ and ‘Level of Detail’, have been established. The main focus of this study is to
provide an overview on this topic and to investigate possible different approaches. The study is
based on both literature review and interviews. The findings indicate that there is not a univocal
approach suitable to manage this issue, and numerous definitions and acronyms have been
defined in different Countries, especially in US and in UK. However, it is possible to compare
them and to find similarities. The findings can be used to gain an in-depth understanding on this
topic, especially for experts who work with BIM in various Countries.

Keywords: Building Information Model, Level of Development, Level of Detail, Level of
Definition, Level of Information.

296



1. Introduction

In order to achieve whole life-cycle effectiveness, the Construction Industry is moving towards a
digital eco-system. The implementation of Data-Driven Projects based on Building Information
Modeling is spreading and becoming more and more a mandatory requirement. Indeed, several
Countries such as the UK, Germany, Spain and France are actively mandating governmental
strategies, seeking to promote a Smart Construction Industry. The Building Information
Modeling methodology is based on a Building Information Model (BIM) that virtually represents
the design and project, and contains updated information (Eastman et al., 2011). In order to attain
any expected outcomes, it is essential to provide needed information at the right time to the right
person. For this reason, several concepts related to the definition of data within the BIM have
been developed. Different data are needed for different purposes; thus, from the early beginnings
it is important to clearly define the authorized uses and responsibilities. Authors themselves
realized that nowadays there is not a clear understanding of these concepts and the literature does
not provide enough findings. Thus, the focus of this paper is to provide an overview on this topic
and to investigate possible approaches as well as similarities. Finally, a possible future scenario
concerning the data management is discussed.

2. Methodology

First, in order to obtain information on the data management within Information Modeling, a
literature review has been performed. The concept and application of this topic is still relatively
new, thus, there are limited scientific existing studies. The literature review therefore does not
include only academic publications, such as journal papers and books, but it incorporates also
guidelines, specifications, protocols, standards and reports published by governments and other
regulatory bodies, blogs and articles published in respected online newspapers. Different types of
databases have been analysed: both scientific (e.g. ScienceDirect®) and non-scientific (e.g.
BuildingSMART®) available online. The same keywords (‘Building Information Modeling’ and
‘Building Information Model’ associated to ‘Level of Detail’, Level of Development’, ‘LOD”)
have been used to find references. Sixty-two documents have been analysed, but only part of them
were useful for the research work and are included in the reference list. Later, semi-structured
interviews were carried out with five public agencies that delivered publish standards (in UK and
US) as well as with their consultants. The interviewees were selected based on their role (e.g.
BIM Managers) and experience in this topic to better understand how documents and tools, related
the management of data within a BIM, are implemented as well as possible benefits and
challenges. The interviews were conducted in person and they were recorded. Afterwards, in order
to analyse data, responses were transcribed into statements where evidence was convergent.

3. An Overview on the Progression of Data-Driven Projects

This paragraph is based on literature review and it presents the principal initiatives to support
information production and exchange within a BIM. At the end of the paragraph, Table 1
summarizes such initiatives and compares different definitions, acronyms and classifications.
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3.1 The origin of ‘LOD’: from Information Levels to Level of Detalil

Denmark has been one of the first Countries to define a classification for information within BIM
(van Berlo et al., 2014). The 3D Working Method 2006 introduces seven (0-6) Information Levels
to set the content of discipline models at a given time in the design process. The Information
Level is a ‘stage of information content and/or quantity” and it is related to ‘individual discipline
models and building elements and/or geometrically limited building sections’ (BIPS, 2007). The
seven levels describe a rising degree of detailing and correspond to the traditional construction
phases, but they can be customized to allocate roles based on the nature of tasks (BIPS, 2007).
The document suggests to use a table in order to clarify Information Levels for each phase and
working practices (BIPS, 2007). Moreover, for each Information Level the document shows
Graphical representation, Alphanumeric representation, Objective, Parties/responsibilities,
Content, Use, Degree of detailing and Classification to be used (BIPS, 2007). It is possible to
affirm that the Information Level is related to geometrical as well as non-geometrical data that
different parties can rely on. This concept has been incorporated in the Australian CRC document
in 2009, but Information Levels are associated with Model Development phases (0-6) and Object
data levels linked to Level of Detail (A-E). The Level of Detail refers to ‘detailed geometry and
with additional or different information attached to the objects’ (CRC, 2009).

In 2004 the software company Vico Software started to work on a standard apt to facilitate the
management of information within a BIM (Bedrick, 2008; Vico Software, 2015). Indeed, Vico
developed the Model Progression Specification (MPS) defined as ‘a language that owners,
designers, and builders can use to define every element and task in the building construction
process. It serves as a coordination point for information about the building, what is being
modeled, and to what level of detail it is being modeled, estimated, and scheduled. It provides the
efficient framework for the project stakeholders — a written checklist that matures from a very
schematic level of detail to a high level of detail in terms of 3D geometry, cost, and time” (Vico
Software, 2015). Vico created a standard to manage BIM in an effective way, introducing the
MPS concept as well as the ‘Level of Detail’. The Level of Detail plays an important role within
the MPS and is defined as ‘the specificity required for a particular element at a particular stage
of the project’ (Vico Software, 2015). Moreover, the ‘level of detail for a BIM model must
correspond to the needs of the modeler, the project engineer, and the estimators and schedulers.
LOD identifies how much information is known about a model element at a given time. This
"information richness” grows as the project comes closer to breaking ground’ (Vico Software,
2015). Thus, for Vico the ‘Level of Detail” concept is associated to the reliability of information
in a particular period of time and it also refers to a quantitative aspect that progressively increases.
The acronym ‘LOD’ for the first time is used for ‘Level of Detail’.

The company Webcor Builders teamed with Vico to further develop this concept, and later they
brought it to the technology subcommittee of the American Institute of Architects (AlA)
California Council’s Integrated Project Delivery (IPD) Task Force (Bedrick, 2008; Vico
Software, 2015). In 2008 Bedrick defined the Level of Detail as “descriptions of the steps through
which a BIM element can logically progress from the lowest level of conceptual approximation
to the highest level of representational precision. It was determined that five levels, from
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conceptual through as-built, were sufficient to define the progression. However, to allow for
future intermediate levels we named the levels 100 through 500. In essence, the levels are as
follows: 100. Conceptual; 200. Approximate geometry; 300. Precise geometry; 400. Fabrication;
500. As-built’. The definition is linked to a ‘BIM element’ and not to the entire model. Bedrick
(2008) also provided a definition of each level in a table and he reported some “Authorized uses’
of the BIM. The Level of Detail can be used in two different ways: (1) to define phase outcomes
and (2) to assign modeling tasks (Bedrick, 2008). In the first case, the Level of Detail of various
elements must be defined because even if elements progress from one level to the next one, they
can have different rates at the design develops (Bedrick, 2008). This concept is very important
because it moves from the concept of scale in traditional design process where all elements are
represented in a homogeneous way. Thus, it is clear that the requirement of a BIM at e.g. LOD
200 no longer makes sense. The second use, instead, deals with the ownership of the geometrical
representation of elements (Bedrick, 2008). Indeed, the Model Component Author (MCA) is
introduced as ‘responsible for creating the 3-dimensional representation of the component, but
not necessarily for other discipline-specific information linked to it” (Bedrick, 2008). In this case,
a separation between the geometrical representation of a component (3D geometry) and any data
associated with it is clear. Thus, the MPS can track only who is in charge of the geometry creation
and not who is responsible for the information, which usually is the most important part of a BIM.

3.2 Theintroduction of Level of Development

Later, the work performed by the AlIA California Council’s IPD Task Force was adopted by the
AIA National Documents Committee to be developed (Bedrick, 2008). In 2008 the concept was
incorporated in the E202™-2008. Building Information Modeling Protocol Exhibit! (AIA, 2008).
The AIA evolved the notion into ‘Level of Development’ (Bedrick, 2013a). The AIA (2008)
document does not contain any references to the Level of Detail and the acronym ‘LOD’ stands
for Level of Development. The E202™-2008 defines the protocols, expected LOD and
Authorized Uses of the BIM for a specific project. Moreover, thanks to a Model Element Table,
specific responsibility (Model Element Author/MEA) is assigned for the development of each
Model Element to a defined LOD at each project phase (AlA, 2008). The Level of Development
is defined as “‘the level of completeness to which a Model Element is developed’ (AlA, 2008). The
E202™-2008 defines five progressively detailed levels (100, 200, 300, 400 and 500). Each
subsequent LOD builds on the previous one and includes all previous characteristics (AlA, 2008).
Moreover, for each level it gives a definition of the Model Content Requirements and it explains
the Authorized Uses that can be customized (Al A, 2008). The LOD refers to the reliance on Model
Elements; so, even if they could include more data than required, any user may rely only on the
accuracy and completeness of the stated LOD (AlA, 2008). In the AlA (2008) document the MEA
is responsible for both geometrical and non-graphical aspects of the Model Element and from
LOD 200 to 500 also non-geometric data can be attached.

Definitions from AIA Documents have been reproduced with permission of The American Institute of Architects, 1735 New York
Avenue, NW Washington, DC 20006.
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After the publication of E202™-2008, Vico continued to develop the MPS releasing version 2.0
in 2010 included ‘Aspects’ and ‘Classes’ concepts (Vico Software, 2015; Trimble Navigation,
2013). For each ‘Classes’ a Target Level of Detail can be defined (000, 050, 100, 200, 300, 400,
450, 500, 550, 600) (Vico Software, 2015). However, a clear definition of each Target Level of
Detail is not available. In 2011 the latest version MPS 3.0 introduced different types of generic
building elements called ‘Primitives’ (Vico Software, 2015; Trimble Navigation, 2013). Trimble
Navigation (2013) developed a guide for each ‘Primitives’ showing Model ‘Classes’ with written
requirements (mostly geometrical) and images. The guide (Trimble Navigation, 2013) does not
provide any reference to suggested Level of Detail for each Model ‘Classes’. The main focus of
Vico is on 5D; for this reason the structure of MPS mainly supports effective cost and schedule
evaluations rather than the overall process.

3.3 The use of LOD in several Guidelines and the introduction of
‘Model Granularity’ and ‘Grade’ definitions

In 2010, the Department of Veterans Affairs (2010) published *The VA BIM Guide’ that includes
a spreadsheet, ‘Object Element Matrix’, to define BIM objects, properties, and attributes for each
Level of Development (LoD). Both acronyms ‘LoD’ and ‘LOD’ are used and definitions of Level
of Development are based on the E202™-2008 (Department of VA, 2010). Later, the NATSPEC
published the National BIM Guide (2011) including the NATSPEC BIM Object/Element Matrix
based on the Department of Veterans Affairs matrix. In addition, the NYC DDC (2012) introduces
the Model Level of Development (LOD) concept as ‘level of detail to which a Model is developed
and its minimum requirements. The Level of Development is accumulative and should progress
from LOD 100 at Conceptual Design through LOD 400 at completion of Construction’. However,
it also “describes through five categories, the completeness of elements in a Building Information
Model. Completeness will range from geometric detail to element information” (NYC DDC,
2012). There are some inconsistent aspects between the two definitions because the first refers to
the ‘Model’, while the second to ‘elements’ of the BIM. In the appendix, there are Object
requirements tables to set LOD from 100 to 400, however, the guideline presents also LOD 500;
for this reason, Table 1 contains a (?). The DDC Level of Development has been developed in
alignment with the E202™-2008 and it introduces the Model Granularity concept as the
‘representation of geometry needed to support specific BIM use’ (NYC DDC, 2012). It is
associated to the ‘level of detail needed’ that can “vary by object and by model, and the BIM itself
may not represent the exact design intent of real live elements’ (NYC DDC, 2012). Another US
institution, the Pennsylvania State University (2012), has adopted the E202™-2008 Level of
Development standard for their projects, but it expanded the LOD 500 category (510, 520, 530,
540, 550) to more adequately meet their needs for operation and maintenance phases. Table 1
contains a start (*) under LOD 500 to remind that this level has been further developed.

In 2012, the US Army Corps of Engineers (USACE) released the BIM Minimum Modeling
Matrix (M3), a spreadsheet for modeling requirements. It contains three levels of Development
(LOD) from 100 to 300 (USACE, 2012) based on E202™-2008. Moreover, the Element Grade
(GRADE) is added to the LOD concept because ‘within each Level of Development, there is the
potential to represent information in various formats. In practice, it has been proven that there
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are certain elements for which there is a greater benefit in providing 3-dimensional
representation, while in others drafting or representation in the form of narratives is sufficient
for a particular deliverable’ (USACE, 2012). The M3 contains two columns to specify the Grade
(A, B, C, ‘+”); there is not a column for the MEA, but a Primary Discipline can be set.

In the UK, the AEC (UK) Initiative released for the first time a BIM Protocol in 2009 and in 2012,
published version 2.1. It introduces the Model Development Methodology concept that is related
to the Level of Detail, also called Grade (AEC (UK), 2012). Even if the protocol recognizes that
the “‘graphical appearance is completely independent to the metadata included in the object’,
there is only a classification for geometrical aspects (G0-G3) (AEC (UK), 2012). This concept
has been included in the first version of the AEC (CAN) BIM Protocol (2012) together with new
acronyms (‘LOD®” for Level of Development and ‘LOD®” for Level of Detail). However, the last
version (2014) includes only the Level of Development (LOD) concept that is related to both
Model Elements and Model.

In Netherland, even if the concept of Level of Development has been used, there has been a lot
of confusion on the real meaning (van Berlo et al., 2014). Thus, seven Information Levels (0-6)
have been created following the Danish standard (BIPS, 2007) together with a matrix, a practical
guide and a project template (van Berlo et al., 2014). The practical guide contains the purposed
use of Information Levels supported by pictures and use case examples (van Berlo et al., 2014).
The project template is used as a spreadsheet that holds a demarcation of the project and for each
section; responsibilities, status of that model, classification system and minimal Information
Level can be defined (van Berlo et al., 2014). In this case, the Information Level could be assigned
to the model or part of it, and not only to Model Elements.

3.4 The new version of AIA documents and the BIMForum LOD
Specification

In 2013, the AIA published three new documents related to the management of a BIM that should
be incorporated into an agreement between parties and used in conjunction: E203™-2013,
G201™-2013 and G202™-2013. In addition, the AIA published the Guide, Instructions and
Commentary to the 2013 AIA Digital Practice Documents. According to the E203™-2013, the
Level of Development (LOD) describes ‘the minimum dimensional, spatial, quantitative,
qualitative and, other data included in a Model Element to support Authorized Uses associated
with such LOD’. Indeed, the Level of Development of a given Model Element informs project
participants about ‘how developed the information is expected to be, and the extent to which that
information can be relied upon, at a particular point in time in the development of the Model’
(AIA, 2013d). Thus, the main focus of the LOD concept is still related to the reliability of data
within the BIM. The new document (AIA, 2013c) defines content of model elements as
‘minimum’ and not ‘specific’ requirements, as reported in the previous version (AlA, 2008). There
are still five levels, however, instead of ‘Model Content Requirements’ (AlA, 2008) the new
version (AlA, 2013c) uses ‘Model Element Content Requirements’. Starting from LOD 200, each
definition (AlA, 2013a) is divided in two parts: graphical and non-graphic representation. The
definition is discussed for each LOD; instead, a general statement is used to define non-graphical
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information (AlA, 2013c). The structure of the Model Element Table (AlA, 2013c) is similar to
the one already included in the previous document (AlA, 2008) with the exception of note sections
that are added for each project milestone (AlA, 2013c). Moreover, the MEA is no longer seen as
a modeler (AlA, 2008), but as a responsible party for the management and coordination of the
development of elements (AlA, 2013a). For the first time, the AIA Guide (2013d) clearly explains
the difference between Level of Detail and Level of Development making a comparison between
the traditional approach and the BIM-based one, where there could be elements with high Level
of Detail but very low Level of Development. The definitions of LOD in the AIA document
(2013c) are a point of reference for other Countries such as France (Le Moniteur, 2014).

In 2011 a new group in the US, called BIMForum, started to work on a LOD Specification
(BIMForum, 2013). In 2013, the Level of Development Specification was published including
AlA’s basic LOD definitions (2013c) for each building system and graphical examples of most
of them (BIMForum, 2013). Definitions included in the LOD Specification (2013) were
developed to address ‘model element geometry’, taking into account three of the most common
uses: quantity take-off, 3D coordination and 3D control and planning. The working group
believed that by taking this approach, the interpretations would be complete enough to support
other uses (BIMForum, 2013). Also in this case, the acronym LOD means Level of Development.
The Specification should be used in conjunction with a project BIM Execution Plan, providing a
‘means of defining models for specific information exchanges, milestones in a design work plan,
and deliverables for specific functions’ (BIMForum, 2013). Also this document (BIMForum,
2013) provides a clear explanation on the difference between Level of Detail and Level of
Development; the first can be considered as “input to the element’, while the latter as ‘reliable
output’” (BIMForum, 2013). There are two main differences related to the LOD definitions
between the Specification (BIMForum, 2013) and the G202™-2013. The first deals with the
introduction of LOD 350 to enable coordination between disciplines (BIMForum, 2013). Only
the Guide (AIA, 2013d) contains a reference to this new LOD (AIA, 20013, p. 60), even if it is
not included in the AIA Document G202™-2013. The second difference is related to LOD 500
that has not been further defined and illustrated by the BIMForum working group (BIMForum,
2013). In 2014, a new version of the Specification was published adding new graphic illustrations
in compliance with common building codes and at the end of October 2015 a new version was
released with relevant updates (BIMForum, 2015). Indeed, for the first time non-graphical
attributes were added and the Specification was divided in two parts: (1) Part A and (2) Part B
(BIMForum, 2015). Part A, Element Geometry, basically defines required geometry and it is an
extension of the previous version with a new appendix (BIMForum, 2015). Moreover, an
interpretation of LOD definitions has been added for LOD 100, 200, 300, 350 and 400
(BIMForum, 2015). Part B, Associated Attribute Information, instead, is a Model Development
Specification (MDS) spreadsheet that defines required attributes (numeric and/or textual)
(BIMForum, 2015). Part B contains a Model Element Table where LOD, MEA and Notes can be
defined for milestones (BIMForum, 2015). Moreover, there are Attributes Tables divided in three
parts: attribute description, LOD profile and project-specific milestone (BIMForum, 2015). More
attention should be paid while using this spreadsheet in order to create univocal information,
because there is not an automatic correlation between the Model Element Table and Attributes
Tables (e.g. to create consistent project-specific milestone). BIMForum Specifications have been
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a point of reference for contractual documents (e.g. ConsensusDocs®301 (2015)) as well as
several guidelines and protocols (e.g. Massport (2015) and Canada (AEC (CAN), 2014)). The
NATSPEC (2013) published a BIM Paper on the use of BIM and LOD to promote the adoption
of the BIM Object Element Matrix for non-geometrical data and LOD Specification (BIMForum,
2013) for appropriated geometry. This document should be updated to include parametric
requirements of the latest BIMForum Specification (2015). In addition, the document
(NATSPEC, 2013) refers to the use of ‘Grade’ developed by USACE (2012).

3.5 The UK introduces new definitions and acronyms

In the UK new definitions and acronyms have been set. Indeed, the PAS 1192-2:2013 does not
include the Level of Development but it defines the Level of Definition as ‘collective term used
for and including ““level of model detail”” and the *“level of information detail”’”. The Level of
Model Detail (LOD) is ‘the description of graphical content of models at each of the stages’ and
the Level of Model Information (LOI) is ‘the description of non-graphical content of models at
each of the stages’ (BSI, 2013). PAS 1192-2:2013 defines seven levels of model detail and
information (1-7). Moreover, Figure 20 contains example pictures for each level and other
information such as permitted uses, output and parametric information (BSI, 2013). The CIC BIM
protocol (2013) introduces the Model Production and Delivery Table (MPDT), a key document
that ‘both allocates responsibility for preparation of the Models and identifies the Level of Detail
(““LOD”) that Models need to meet at the project stages or data drops stated in the table’.
However, there is no any reference to the LOI. In February 2014, the Technology Strategy Board
decided to develop a free