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ABSTRACT

The current construction environment is characteriby risk aversion, and the
delivery of value is constrained by the tensionween time, cost and quality.
Similarly, the approach to sustainability in theilbenvironment remains largely
focused on waste reduction and minimization of dasbon footprint. Yet the
challenges of global environmental issues call &ormparadigm shift from this
reductionist, ‘scarcity’ approach to one of susiéie prosperity through resource
renewal and value generation.

The industry has recognized the need for a moegiated approach, not just to
fix the process, but to transform it to deliver ualbeyond the tangible building
product. Lean construction stands out as the appreghich can facilitate a net
enhancement of sustainability value through fultlyegrated design and delivery
processes.

The author explores the synergy between lean eai&in and sustainability, as
expressed through the construct of value. Data fex@mplary lean projects are
gathered through survey and interviews of both praontractor and owners, offering
a two point perspective for enhanced data quatityreliability. The findings suggest
a strong correlation between the cohesiveness aif thinking and the level of
collaboration on the delivery of sustainability weas.
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INTRODUCTION

Twenty-five years have passed since the Brundttepdrt introduced the concept of
sustainability (WCED 1987), and the severity oftglbenvironmental, economic and
social issues is rapidly closing the window of ogpnoity on this ‘do no further harm’
approach. A more pro-active response of resouncewal is needed to transition to
an ecosystem equilibrium of sustainable prospef@gnstruction projects can no
longer be viewed in isolation, but must be consderas a network of
interdependencies, with a potential contributiorptanetary balance, or sustainable
prosperity (Figure 1) (Augenbroe and Pearce 1998ovia and Koskela 1998;
Salvatierra-Garrido et al. 2010). This is a catl$astainability ‘beyond buildings.’
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Figure 1: Paradigm shift of value, after Augenbi®earce 1998;
Huovila and Koskela 1998.

This systems thinking approach poses a challeng@doconstruction industry, which
is very much rooted in the Tayloristic perspectalisaggregating the whole into a
sum of its parts (Miller 2009). This compartmertation of activities has resulted in
increasing cost and delays, coupled with declimjoglity (Kelly et al. 2004), and a
reactive management of risk aversion and low biatragting. The overall operating
mode is restrictive and limiting (Figure 2). Asesult, project scope is constrained by
the tension between time, cost and quality, andpeapby the negotiated
specifications. There is no incentive, financiabtrer, to add value to the project.
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Figure 2: Past/ Future of Construction Managem®8atce: author)

Similarly, the sustainability in construction isptgally expressed through green
building programs, which have delimited criteriathim individual activities. Based
on the economics of scarcity, the goals are redaoadumption and minimization of
the carbon footprint. Superimposing these critematraditional delivery methods
results in cost increases from non-traditional male raised expectations as to
building performance and added costs for projecudeentation (Klotz et al. 2007;
Koskela 1999; Mogge 2004). This activity based enwental thinking may also
overlook the potential for leapfrog innovations @hican result from whole systems
thinking (Hawken et al. 1999). The industry hasogetzed this limitation and called
for a radical change, not just to fix the procdss, to transform it to deliver value
beyond the tangible building product (Miller 200@ean construction stands out as
the one approach which can facilitate the net ecdr@ent of sustainability value and
fully integrate the design and delivery processepipiski et al. 2006).
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THEORY

Lean construction can be understood as a philosaphkyproduction process which
redresses the T/C/Q balance by ‘increasing valudewkducing waste’ (Howell
1997). Yet, lean implementation often starts withst# reduction, practiced in the
isolation of existing activity silos. This is redionist at best, and may also result in
upsetting the already precarious project flow (@uaoo 1994). Value is also
typically presented in a compartmentalized view, rireasurable attributes of
‘materials, parts, product’ as related to cost (VMoknand Jones 1996). In lean
construction, this concept of value has mainly baedressed in the production
process, thus defining the waste. In Koskela’s gsep Transformation-Flow-Value
model of construction management, a more integratetibalanced approach would
also support the elimination of non-value addintivéties through flow management,
and the generation and management of value (Ko4/e818).

Value is a relative and subjective term, dependert ever-changing with the
context (Salvatierra-Garrido et al. 2010). Custonvetues represents different
interests from owner, users and society, all of cwhare embedded within a
continuous value chain (Bertelsen and Emmitt 2GSty et al. 2004). As society is
intrinsically part of a global system, value getieramust be considered in relation
to the external environment and social problemdvéSiarra-Garrido et al. 2010).
Understanding and making this collective value tialegin the briefing and design
phases can be pivotal in delivering value and defimwaste. The lean community has
pioneered a Target Value Design model to facilitdkee involvement and
consideration of needs from all user groups, inolgdustainability concerns.

Studies in value management are shaping the uadeisg of designing for the
future (Kelly and Male 1993; Ziegler 1991). The harts research focuses on the
corresponding future concept of a ‘value-enhanciognstruction process, which
could support a transition to resource revital@atand sustainable value creation
(Laszlo and Cooperrider 2007; Worldwatch 2012).

WORKING PROPOSITION

While previous empirical studies have exploreddbeelation of lean practices with
green building from the perspective of waste redac{Pulaski and Horman 2005;
Sanvido 1990), this exploratory study offers a ueigfocus on the potential
contribution of lean construction towards the dmratof enhanced value in the
context of sustainability. This opportunity for ual beyond the specifications has
emerged as projects with highly developed lean tjpex have reliably broken
through the traditional project tensions. This aesk examines the proposition that
there can be a synergistic link between lean coostn and sustainability, as
expressed through the construct of value.

This proposition is developed through the logiaakihg of three sequential areas
of inquiry (Figure 3). The first explores the cdateon between increased
cohesiveness of lean with the delivery of projegiue. The second area of inquiry
covers the relationship of the specific projecttdenvalues with the company
sustainability values, and the impact on the ptgpeacesses.
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A final line of inquiry brings the logic of
the proposition to a full circle, by
examining the opportunity for this broader
vision of sustainability to serve as a point €
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METHODOLOGY

Figure 3: Logical Linking of
A case study methodology was chosen to Proposition (Source: author)
best address the exploratory nature of the
proposition by investigating exemplary
events in the field of lean in construction. Thatemporary nature of the phenomena
also offers an opportunity for rich data from iniews and surveys.

The selection of cases was based on the critefiaS&BC LEED certification
and high level integration of lean thinking, whialere verified through survey data.
Three cases were chosen that have unique geogmawhgrs and contractors, but are
united by the common market sector of secondargathn. All three contracts were
design-build delivery, as designated by the prsjecegulatory environment.
However, all three modified the delivery methodiniclude the owner in the core
team and establish a shared risk and reward mexrhani

Data are gathered through survey and interviewbotti prime contractor and
owners, offering a two point perspective for entehdata quality and reliability. The
construct validity of the overall research questias the key driver in the design of
this case study. Is there a relationship between itiiegration of lean and
sustainability? Is ‘value’ an appropriate measuree internal validity of this case
study was addressed through the structuring ofinierviews with open ended
questions and giving participants the opportungyoffer additional commentary.
This case study approach is exploratory, and isigdi@able to theory development.

FINDINGS

From the collected data, in-depth case descriptivase developed through an
analytic strategy of theme identification and intase data points. The phenomena of
lean and sustainability are assessed independemity then compared for areas of
similarities, compatibility and synergy.

INTEGRATION OF LEAN IN PRACTICES AND PHASES OF CONSTRUCTION

The first area of inquiry explored the integratiof lean within the construction
design and delivery processes. As the data is bas@eérceptions of the participants,
the two point perspective of the owner and the gdre@ntractor provides some level
of reliability and additional insight into the catien of understanding of lean.
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Lean Thinking in construction Project #1 Project #2 Project #3
h :
phases Owner GC Owner GC Owner GC
Programming Yes yes yes
Design yes Yes yes yes yes yes
Procurement yes yes yes
Construction yes yes yes yes yes yes
Ops & Maintenance yes yes
% of lean integration - both parties 2of 5 40% 3of 5 60% 2 of 5 40%
either/ or 3of5 60% 50f5 100% 50f5 100%
% inter-rater agreement 20of3 67% 3/5 60% 2/5 40%

#1: Pre-selection of primary sub-contractors and vendors

Figure 4: Lean Thinking in Construction Phases

What? Scope of Integration in Phases and Practices

The data from the three cases exhibits very distsuopes of integration. The
perceptions of integration in Projects#1 and #3\&tba disparity between contractor
and owner in the perception of lean integratiothenphases of construction (Figure 4)
and the practices (Figure 5). The low inter-ratgreeament on use of tools and
practices would indicate a lack of communicationrexognition of the practices and
tools by the lean nomenclature. Data gleaned flaairiterviews confirms the lack of
cohesion of lean as a philosophy, rather an empludidean as practices. Project #1
was very much contractor driven, with complementaoyt independent lean
practices cited by the owner. Project #3 was owdnien in design and construction
oversight, but the contractor’s understanding ahlesas limited to the Last Planner.
By contrast, Project #2 respondents had much hifghels of agreement (60%
phases, 67% practices) on the integration of |&dms project also indicated the
highest level of implementation of the tools andagbices cited in the survey. Lean
was described by one interviewee as IPD enhancedabget Value Design, and

supported by the Last Planner.

Use of Lean Tools and Practices: Project #1 Project #2 Project #3
Owner GC Owner GC Owner GC
IPD (Integrated Project Delivery) yes yes yes
c IFOA/ IPD Contractual Agreement yes yes
% Value Stream Mapping yes yes yes
] Set Based Design yes yes
Target Value Costing yes yes yes yes
5 Just In Time Supply yes yes yes
b Partnering yes yes yes yes
>
s Last Planner System yes yes yes yes yes
5 Prefabrication yes yes yes
O Modularization yes yes
c w 6 Sigma
e 8 Kaizen Events yes
- Choosing by Advantages yes
% of lean integration - both parties 0 of 13 0% 9 of 13 69% 1of13 8%
either /or | 50f 13 38% 12 of 13 92% 6 of 13 46%
% inter-rater agreement 0/5 0% 8/ 12 67% 1/6 17%

NOTES: #1: Collaborative Design Process (CDP), Colocation, BIM for collision checking
#2: Kaizen is less formal, more integrated, a way of thinking rather than a series of events.

Figure 5: Use of Lean Tools and Practices
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The survey provided an opportunity for additionatnenentary. Building Information
Modeling (BIM) was suggested by one participantasol for clash detection, but
neither the survey nor following interviews ideigd BIM as mandatory for lean
construction.

How? Structure of Integration

The research also examined the structure of thegration of lean. In all three
projects, design-build was the contractual delivergthod, as it was proscribed by
the funding agency. However, these contracts wea adjusted to accommodate a
shared risk and reward structure through the cgetiny funding. Some of the
participants also commented that IFOA contractshaipful, but not a guarantee of a
fully integrated lean process.

The data from the interviews also provided an inisigto the difference between
a fully integrated design and delivery processavgoncurrent design and delivery
brought about by organizational restructuring. Irojé€ct #2, the design process
clearly engaged the efforts of owner, GC, profes®and trades in problem solving,
target costing, set based design and value streapping. This was not just a
reporting process, rather a continuous and ‘read¢'tidesign and estimating process,
which, had been developed out of frustration wittaditional stop/start design
processes.’ The phases are recognized, but noaized. Value stream mapping was
used throughout construction to adjust for unegeeaomplications and costs. By
contrast, in the other two projects, the phasesoobtruction seem to have remained
relatively unchanged, despite the co-location efdbre design team.

Who? Champions

Another perspective is from the level of involvernehthe players, in both lean and
sustainability initiatives. First, the research pamed the source of the champion for
lean and for green building (Figure 6). The prgesthibited similar patterns to those
identified in the scope. The cohesiveness in umtaledsng of the level of project
integration in Project #2 could be traced to a ethathampioning of both lean and
green building initiatives. Surprisingly, this peoj was the only one which cited
resistance on the part of the architect and engiftkee to an unwillingness to share
in the creation of ideas), as well as initial plsttk from the managing partners of
the trades. However, all project interviewees wadamant about the need for
complete commitment from the owner group and thatreator. This is in contrast
with the more common industry emphasis on the boHation between designer and
contractor, for example through IPD or design-huild

Chambion: Project #1 Project #2 Project #3
pion: Owner GC Owner GC Owner GC
) Owner + | Contr. +
Champion for Lean? Contr. Contr. Owner Contr.
contr. Owner
. Owner + Owner +
Champion for Green? Contr. Contr. Owner Owner
contr. contr.
Contractor Driven Jointly Driven Owner Driven

Figure6: Champions oLear and Green Buildin
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CONTINUUM OF VALUE PARADIGM FROM PROJECT TO SUSTAINABILITY

The second area of inquiry explores the constriigalue. If lean thinking is defined
as ‘increasing value while decreasing waste,’ thbat is value? Is value defined and
created by the absence of waste, does value defisee, or can value exceed that
which created by waste reduction? For example, mjegt #3, in which both
participants identified the potential of lean int#gpn, the goal was to reveal more
waste, with no specific mention of value. This ntighdicate a concept of value
creation through the absence of waste. Only Prgof@cparticipants identified the
potential for revealing value, and offered speciixamples. This section of the
research explores the relationship of value from plerspective of a project-based
concept of quality, to value as understood thraguggtainability at a global level.

The collected data identified a strong correlatlmtween the existence of a
corporate vision statement which included sustalityaband the championing of
green on the project case study (Figure 6). OreBt@jl the contractor company had
a sustainability vision to ‘empower clients to makéormed decisions regarding
sustainability.” The client, on the other hand, had known vision statement
regarding sustainability. The reverse as true anjeet #3, where the client had a
defined commitment of ‘environmental stewardshiwidg the educational mission,’
while the contractor cited compliance with LEED pod he pattern was consistent
with previous findings that in Project #2 both owrend contractor had stated
commitments to sustainability at the corporate lleve

The survey also established percentages of oya#ltipant business which used
some level of green building. On Projects #1 andi contractors cited only partial
levels (40% and 85% respectively), while Project#@d 100%. Follow-up questions
during the interviews identified that while LEED rtification had increased
awareness of green building, it also created bart sustainability goals outside of
this benchmark. One contractor also noted that dheya lot of civil work, which did
not fall under any green certification.

Many of the participant comments also revealed thaten building was
understood solely within the context of green kaidcriteria, and not within the
triple bottom line of sustainability, which wouldsa include social and economic
goals. There were notable exceptions, such as @ah&actor of Project #1, who
provided several insightful examples of how susthility goals such as day lighting
can align with client goals such as educationdioperance improvements.

VISION OF SUSTAINABILITY BRINGS THE PROJECT VALUE INTO PERSPECTIVE

The final area of inquiry brings the logic of theoposition to a full circle, by
examining the opportunity fgoroject ‘value’ to be understood relative to a broader
perspective of globalsustainability value. Participants were asked for their
perspectives on the proposition that: “the visidrsastainability brings the project
values into perspective, providing a frameworkléamn thinking.”

The responses were very consistent with previoldggtified patterns among the
cases. Project #2 participants were in absoluteesgent, stating ‘that’'s how you get
from gold to platinum,” and ‘this is critical to edtifying innovations.” They had
sustainability goals beyond LEED, and could citeesal examples. Both participants
also expressed that the greater goals of sustéitpabelp to break through the
barriers in the design phase, to capture synergfesesources to support the
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additional value. The contractor on Project #1 w0 supportive, citing several
examples of product improvements driven by sushalitig goals which exceeded
project specifications, but which decreased wastkthus were self-financed.

Lean was also cited as breaking through the badfeexcessive detailing of
prescriptive specifications. As the design procasdudes more discussion and
alignment of project values and goals, it allowne dpportunity for field interpretation
for the benefit of the project. Workers adhere ésttpractice installations, but aren’t
constrained in the details. Materials submittaés aconfirmation of previous project
decisions and a submittal of technical informafimnoperations & maintenance.

Consistent with previous data patterns, the ownelPmject #1 and the contractor
on project #3 did not immediately recognize the cegtual relationship between
sustainability goals and lean construction. Howglieth projects cited the benefit of
including a non-construction member on the corente® challenge each aspect of
design relative to the perspective of the user greucommunity group, or broader
issues of sustainability. This is, in essence, ¢hacept expressed in a practical
application and a demonstration of how sustairtglitn drive behavior.

CONCLUSIONS

The significance of this research rests in the dppdy for the construct of value to
serve as a catalyst which shifts construction mamat from negative ‘restrictive’
overtones to a paradigm of positive sustainablepenty. The case study findings
correlate elements of lean thinking and lean consittn with the integration of
sustainability in the design and delivery.

The three cases exhibited patterns which were stamtiand showed a strong
correlation between lean and sustainability. Ptofec and #3 were driven by one
stakeholder, contractor or owner. The other paiyg wompliant but not as engaged.
The lean activities were compatible, but not syis¢ig Only Project #2 had a shared
committed leadership. Their level of engagement wary similar through all the
phases, practices, scope, structure and leadei&mgpparticipants from this project
actively leverage the synergy that the integratedgss of lean offers to the delivery
of sustainability. They also understand a link hlegw value from the project
perspective and global sustainability perspectiv@s data indicates support of the
research hypothesis, both by the absence of integreesulting in the absence of
sustainability beyond LEED, and in the example afjétt #2, which supports the
synergistic link.

This research also identified several ‘myth-busteegarding both lean and
sustainability:

e BIM and shared contractual agreements (IFOA) areeived to be
contributory but not mandatory for lean constructio

» Integration of lean is most effectively driven byalaboration of the general
contractor (GC) and the owner. The collaboratiorthef designer, engineer
and trade in the IPD process are important, bt ¢dsupport can be worked
around.

* Lean construction does not always include a focus value delivery.
Implementation of some lean tools may only be otidyicerned with the
reduction of waste.

Proceedings for the 20th Annual Conference of the International Group for Lean Construction



Value Paradigm: Revealing Synergy Between Lean and Sustainability

» Operational integration may result only in phasexctmrency, not phase
integration.

* There is a correlation between corporate visiotesiant, green champion,
and integration of green within all project levels.

This exploratory research was designed to provige durden of persuasion for
further research on the following topics:

» Project value expressed as economic, social aricbenvental value.
» Empirical data capturing the characteristics ohlgdegration.

* Implementation of lean as a means of deliveringtasnability prosperity
values.
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