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ABSTRACT

The development of a green-building project following a specific reference standard such as LEED, brings new condi-
tions and restrains for all subjects involved in the process. Such changes affect technicians, owners, bureaucracy and also the
management tasks either during design or construction phases. Within this scope, project management plays a key role for the
optimization of the design-project development. This research analyzes the design process of a single case-study project from
the project management perspective, taking into consideration all the activities that negatively affected the project design
development. The project selected for the scope of the research is a new school complex located in Northern Italy currently pur-
suing the LEED Gold certification with a project cost of 13,2 million Euros. A new methodology was created in order to analyze
the project and evaluate the effects of detected project-management issues under three different points of view: costs, time and
building sustainability. Such “issues” were identified by researchers on the basis of the LEAN-definition of “waste”. The scope
of the research is to develop and test a methodology for the optimization of the project management processes during the
development of a LEED building design in Europe through the detection and evaluation of process wastes. The results showed
that project management issues related to green-building tasks affect considerably the cost, schedule and sustainability of
the project design and vice versa, the accuracy of the project management tasks affect the sustainability features of the final
building design.
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2. INTRODUCTION

The importance of sustainability within the cons-
truction business has been increasing dramatically during
the last decades [1] (P. Hansford et al. — 2013) and, as some
research studies point out, “an increased emphasis must
be placed on the processes and competencies required
to deliver high-performance buildings” [2] (Horman et
al. - 2006). Currently, many researchers focus on unders-
tanding different aspects of delivering green-building
projects in order to minimize waste, maximize value, and
reduce cost. During the last years several research studies
analyzed different project management issues related to
green-building developments. Their main goal is to op-
timize the project management process for developing
green-building projects focusing on different aspects, such as,
counterfactual analysis [3] (Klotz et al. - 2009), LEAN pro-
cesses [4] (Lapinski et al. — 2006), piloting evaluation metri-
¢s [5] (Korkmaz et al. - 2010).

As Lenfle points out in a recent study, “the links
between studies devoted to project management and inno-
vation management are complex and marked by a relative
lack of communication between the two fields” [6] (Lenfle -
2008). Moreover, during the last years project management
practice has evolved into a business process and got deta-
ched from the practical aspects of the job tasks [7] (Kerzer
—2013). The scope of this research is to develop a practical
approach for analyzing project management processes
intended as hands-on management tasks easily unders-
tandable and applicable by technicians in real projects.
Following the guidelines of Russel-Smith [8] (Russel-Smith
et al. - 2015) researchers aim to provide support resources
that will allow designers to iteratively improve and re-en-
gineer the processes reducing the impact of the building
design from initial to final design.

The concept of sustainability has been standar-
dized internationally through the implementation of
different protocols but the majority of the research
studies have been developed on the basis of common
project management processes that refer to the Uni-
ted States construction industry [9] (Lopez & Sdnchez
- 2010). Recently, sustainability has become a key as-
pect of the construction field [10] (Enache, Pommer
& Horman - 2009) and this includes also project
management. However, despite their demonstra-
ted benefits, green buildings are not yet perceived
as attractive projects because most people associate
green features with expensive technologies that add
cost [11] (Castro-Lacouture et al.).

Case studies, interviews and data collection used
for the majority of the research articles take into conside-
ration the average Anglo-American construction process.
In other countries and more specifically within the European
Union the construction and project management process
is substantially different. More subjects are involved and
local laws establish new hierarchies within the whole
construction and project development process [12] (Guy
& Moore - 2005).

Within the US construction and project delivery
process for design-bid-built projects, designers and con-
tractors work almost independently following a two
-party contract. However, within the European system
four different parties are involved at the same time and
occasionally each of them take over certain project ma-
nagement tasks. As a result the project management
process is more fragmented and difficult to analyze.
Figure 1 and 2 shows the different schemes representing
the contractual linear dependencies between subjects
involved within a design-bid-built common process.

Figure 1 and 2 - Representation of the contractual depen-
dencies between subjects involved in the Design-Bid-Built

European and U.S. construction process.
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“The scope of this research is to analyze the
potential project management issues within the design
process of an average green building project developed
within the European Community.

The whole research is based on a real case-study project
and has been carried out through three different stages:

- Data collection and process illustration;

- Process Analysis and detection of project-management issues;
- Estimate of the impact of project-management issues on
project costs, schedule and sustainability.

The project selected for the case-study is a new
Middle School Complex located in Trento, Northern lItaly,
certified under the LEED for Schools 2007, with a total bu-
dget of approximately 13,2 Million Euros and a total gross
square footprint of 6.000 square meters. The choice of this
project as single-case study project was made on the basis
of the following statements:

-Direct access to project information and contact with all
technicians involved in the project;

-Simultaneity between research and project design
development;

-Project sustainability referring to LEED credits as
benchmark for evaluation.

The choice of a single case-study project helped
researchers testing a new methodology for the analysis of
the project management issues in green-building develo-
pments. The intent is to develop a deep hands-on analysis
where specific problems related to specific activities and
circumstances could be identified and, possibly, preven-
ted.

2.1. Deliverables and potential benefits
of the research

The present research has two main outputs. First,
the validation of the new methodology developed by
researchers to analyze sustainability-related issues within
the development of a European green-building design
project. Secondly, the evaluation of the impact of the
sustainability-related issues within the whole design
development in terms of costs, time and sustainability
features. The scope of the research could be summarized
as: “the optimization of the project management process
for the development of a LEED building design in Europe
through the detection and evaluation of process wastes”.

The methodology is described step by step proposing
a new point of view for future researchers, the impact of
sustainability-related issues will be globally estimated in
terms of Euros, extra work days and lost LEED points. Once

the methodology will be further developed researchers
aim to improve it and use it to analyze and evaluate other
green-building projects within the European Union.

3. METHODOLOGY

Data collection was carried out using two different
methods: project documentation analysis and personal
interviews. The data collection started with the late design
phase of the project which allowed researchers to acquire
information first-hand from personal interviews with tech-
nicians and public entities. Researchers waited for the last
building design phase, called “executive design”, to acqui-
re all project information in order to have a global view of
the process and better evaluating the effect of each issue
on the design process development.

Project documentation such as technical reports
and drawings was provided by the project owner and in-
cluded all information related to each step, activity and event
affecting the project design phase from the early preliminary
design stage until the final executive phase. At the end of th
is phase researchers developed a bar chart listing all main
activities of the project design development process.

Interviews were made by researchers personally
to technicians and personnel involved in the project. The
interview process was standardized by using a common
procedure for all interviewees. Each subject recognized all
the problems they encountered during the design develo-
pment and indicated them in the list of project activities
developed before. The concept of “problem” was defined
on the basis of the “waste” definition provided within the
LEAN management system. In simple words, any type of
activity performed during the process that in spite of con-
suming resources doesn’t bring added value to the final
product [13] (J. Liker - 2003). Out of the seven types
of waste identified for an industrial LEAN process [13]
(J. Liker — 2003) for the purpose of this research only five
types of problems were considered: waiting (delays in
the process), transportation (unnecessary movement of
people or materials), extra-processing (re-manufacturing
and activity reiteration), costs (unforeseen expenses for
project-related activities), defects (intended as project we-
aknesses that didn't allow the team to reach the expected
level of sustainability within the LEED certification). Only
problems directly associated with the project structure
were considered for the current analysis. Following the
definition of Whelton & Ballard, only well-defined and ill
structured problems were taken into consideration for the
purpose of this research [14] (Whelton & Ballard — 2002).
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“Problems” as identified by all subjects were in
fact the consequence of the structural issues (or project
management issues) researchers were interested in. The-
refore problems initially identified by technicians were
labelled and gathered together in several “categories
of issues” which represent the real project management
problems researchers wanted to analyze. From now on
in the present article the word “problem” will be referred
to the issue categories mentioned above if not differently
specified. The categories of issues identified for the purpo-
se of the present research are listed below:
-Misunderstanding of Commissioning Authority’s tasks
and process;

-Lack of appropriate clauses in bid documentation;
-Systematic cuts to budget due to change-orders and delays;
-Lack of knowledge about energy modelling role and process;
-Lack of project management role supervising the whole project.

Some of the problems were related to single
activities, others to a whole set of project tasks. The im-
pact of the “n” problem on the whole project completion
was estimated as the sum of the impact of that specific
problem on each activity it affected in the following three
dimensions: time, costs and sustainability.

Consequences of problems on project schedule
were analyzed and evaluated with the use of a project
management software, Microsoft Project. The list of
activities was used to create a Gantt diagram for the
whole project. Problems were accounted as activi-
ties and identified with different colors depending on
their relationship with time, costs or sustainability. For the
purpose of the present research only issues related to
green-building activities were taken into consideration.
Duration of each activity was defined on the basis of the
data collected from the project documentation.

Cost-related issues were estimated using data
collected from two different sources, cash-flow volume
documented by project files and cost information acquired
during the different interviews with technicians. Cost-rela-
ted information for each problem were provided as Euros
amount or as number of extra hours spent to solve the
problem. In case of the hourly-based information resear-
chers estimate the corresponding Euros amount multiply
the number of hours by the average hourly salary for a
middle-range professional technician with a short-term
consulting contract in Italy [15] (Il Sole 24 Ore - 2015). All
categories of issues previously identified were used to de-
velop the cost analysis. The cost of each problem resulted
from the sum of the extra costs of all activities affected by

that specific problem. The Gantt diagram was used to link
each problem to groups of project tasks, total problem costs
were then estimated afterwards using simple Excel sheets.

Sustainability-related issues were analyzed on the
basis of the LEED protocol score. Prior to project start the
design team performed a kick-off meeting with all subjects
involved in the project and filled up a LEED checklist where
all credits considered “potentially achievable” were listed
taking the whole LEED credit list as an optimum reference.
During the project development some of those credits
were not achieved because of project management
issues and researchers focused on those credits the pro-
ject could not obtain due to sustainability-related project
management issues. The problem representation proce-
dure had to go through a iterative process in order to have
a set of results that could be graphically understandable
and summarize the results. Different filters were applied in
order to eliminate unnecessary information and bring only
the most important to the eyes of the reader.

4, RESULTS

Information resulting from the present research
were divided into three groups respectively related to
three types of waste: delays in project completion, money
spent over budget and misachievement of sustainability
points.

Total amount of delays caused by sustainability
related problems cited above were estimated on the basis
of the bar-chart results developed using Microsoft Pro-
ject. Within the bar chart, sustainability-related problem
previously identified by researchers were accounted as
normal activities with predecessors and successors and
their duration was estimated on the basis of the data pre-
viously collected through project documentation
and interviews. Critical path was then calculated on
the basis of the scheduling concepts [16] (Harris, R.B.
- 1978) along with free-float and total-float of each
activity. The duration of all sustainability-related
problems included on the project critical path were
accounted for the total project delay. The duration
of all sustainability-related problems of the whole
project bar chart were accounted for the total loss
of time. Results of this double accountant operation
are listed on a Figure4 below which represents on
the X axis the type of problem and on the Y axis the
results obtained: total project delay and total loss of
time. Figure 3 represent a snapshot of the bar chart
cited above.
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Figure 3 - Snapshot of the project Gantt diagram showing problems (red), problem-related activities (orange), sustainability-related activities (green).
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Quantities resulting from cost analysis were sorted
out in two different categories: direct costs and indirect
costs. The term “direct costs” refers to all expenses, caused
by the sustainability-related problems that the owner had
to bear in addition to the original project budget in order
to complete the design process. The term “indirect costs”
researchers identified two types of quantities:

- All additional costs caused by the sustainability-related pro-
blems that technicians involved in the project had to bear
with no additional compensation to their professional fee.

- All additional costs caused by the effects of the sustainability
-related problems which affected third parties and later project
development phases.

All costs were documented through interviews and
project documentation and are summarized in Figure 4
below showing two sections, one for the direct costs and

Figure 4 - table summarizing the direct and indirect costs generated

by all problem categories and related activities.
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another for the indirect costs.

On each table the horizontal axis summarizes the
problem category, the vertical axis the problem-related
activities and the numbers represent the cost in Euros that
each specific activity had in order to solve each specific
problem.

Results for sustainability-related points were
estimated on the basis of the LEED protocol. Taking
the whole possible score identified at the beginning of
the project as a reference, researchers focused on all LEED
points that finally couldn’t be achieved due to project
management issues related with sustainability (which are
included in the problem category list cited above). Below
are summarized the research results for the sustainability
and cost-related aspects divided by problem categories
previously identified.

- Misunderstanding of Commissioning Authority’s
(CxA) tasks and process. Project designers and owner

ECHT AMALTIS [Dhewct Comts) _
FECEE AR CA TR Commimiordng Nospproprisis Lxkolpmoect  Spfomelc cuts Lachof
bty lanks ¢ liwsies br el rrsenage- bor 4 praject ruzerirese dor
N prorsm B Ar SR bl P*p;: hl.dp-r Fredirgy
Mizche biag
PROBLENS-AILATED TASKA b
8 EE T Dcepigrmaant o b S0t [ 1o ]
Lafra periarall Conl T3] Pl Ly B
PV Fi- ik § Tt | P ] [ o] e ] TOTAL
Tods [ -] pLoe IO [ ) [ ] SHFET
COAT ARALYSHE frafivect Codx)
Frod et re-ma nufacruinrg Wil [y
Lk periasw kol a2
TW1va Crawels PRa-BTings, ooy i) o] L S0 TomaL
Todsl Hn a 503 £3E &40 10303

Fonte - Autors

Edicao 03- 2016



Alessandro Orsi, Ignacio Guillén Guillamon. Polytechnic University of Valencia (Spain)

didn’t understand the role of the Commissioning Authority
and in spite of the multiple suggestions of the LEED AP the
design was carried out without the CxA help. The CxA was
contracted right before the final approval of the project
and had the time to summarily analyze the project spotting
gaps in the project design and documentation. Such
problems were then corrected before the final project
approval and therefore avoiding change orders during
construction phase but still the project had to be partially
modified and CxA related documents such as OPR and
BOD had to be re-defined. The cost of this re-manufacturing
activity was of 8.500 Euros.

- No appropriate clauses in bid documentation. All
professional fees related to design services were determined
as percentages of the whole project cost. However, no
specific clause was introduced in order to fix the prices of
services which were then fluctuating on the basis of the
construction cost. The lack of a project management
services reviewing the whole project along with the lack
of experience of the public owner in managing such
projects caused major delays in the process which led
to higher construction costs. Therefore also the costs of
sustainability-related activities rose for a total amount of
14.000 €

- Systematic cuts to budget due to change-orders
and delays. The huge delay of the project brought to price
increase and big deficits in the project budget which invol-
ved also the sustainability-related aspect. The total cost for
the design change orders was 60.000 Euros of which 6.000
were related to sustainability features which also suffered
a reduction of 3 LEED points due to this problem.

- Lack of knowledge about energy modelling role
and process. The original design bid called for a school
complex certified under the LEED for Schools 2007 protocol
with all expenses for related services included. Energy
modeling was also included and the designer tried to
develop it but after several attempts realized that they
weren't able to. An external energy modeler was then
contracted by the public administration at the last minute
after the final project approval. This proble led to a direct
extra cost of the energy modeler of 8.000, an indirect cost
for the designer of 4.500 and a loss of 5 LEED points under
the credit EA 1.

- Lack of project manager supervising the whole
project. A project manager for sustainability-related and
LEED-related issues was contracted from the beginning
but no general project manager was overviewing the
whole process. This gap, along with the reduced expe-

rience of the owner in managing projects of this magnitude
led to several issues. First of all some managerial decisions
increased the complexity of the process and then its costs,
also for green-building activities. The choice of getting a
whole commission to evaluate the green-building features
of the design proposals instead of one single expertled to a
delay of 5 months and to an additional cost of 10.000 Euros.
Secondly the lack of coordination with the homeland tech-
nical services led to several project re-manufacturing acti-
vities that only for sustainability-related activity cost 8.000
Euros. Finally and most important, the delay of the whole
process caused by the lack of a general managing entity
and slow bureaucracy processes became so huge that the
whole certification process is in danger. The design begun
in 2008, finished in 2014 and currently in 2016 the construc-
tion has not started yet. The final deadline to complete the
LEED certification process will be June 2019 and if the school
complex won’t be done by then the whole LEED process will
vanish.

5. CONCLUSIONS

The present work allowed researchers to identify the
main problems occurred during the project design phase de-
velopment related to green-building practices of one single
case-study project. Problems were classified in five different
categories which caused three different types of losses, or
“waste”, as defined under the LEAN philosophy [13] (J. Liker -
2003): cost, time and sustainability features.

From the cost point of view sustainability-related pro-
blems accounted for 64.000 Euros that represent the 26,5% of
the initial project budget for the design, 240,767 Euros.

From the scheduling point of view the project suffered
a delay of 165 working days due to unforeseen project ma-
nagement problems only for sustainability-related activities.
The delay was calculated on the basis of the rigid scheduling
principles cited in chapter 4 [16] (Harris, R.B. - 1978) conside-
ring the bar chart critical path. However, the magnitude of the
overall project delays caused by lack of owner’s experience
and bureaucracy moves this green-building issue to the back-
ground. In fact, the whole design process suffered an overall
delay of more than 3 years for the reasons cited above and
the duration of bureaucracy-related activities cannot always
be estimate in advance because in some cases are not stan-
dardized processes. Duration of political decisions, produc-
tivity of public entities relying on several public offices and
internal decision processes of public administrations couldn’t
be estimate by researchers. Finally researchers conclude that
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theoretically the project suffered a delay of 165
working days caused by sustainability-related activities
but this delay shouldn’t be considered as an extension
of the bar chart critical path because it interacts with too
many non-standardized processes that caused a delay of a
higher magnitude.

From the sustainability point of view 10 LEED points
were not achieved due to the problems identified hereby
which represents the 12 % of the total 79 possible points
identified at the beginning of the process. This result hi-
ghlights the mutual dependency between project mana-
gement and green-building project features. In fact, not
only the introduction of green-building features affects
the cost and scheduling of the design stage from the
project management perspective but also the accuracy of
the project management tasks affect the green-building
features of the final building design.

Table reported in Figure 5 summarizes all main data
resulting from the present research work.

Figure 5 -: table summarizing the project wastes occurred during the de-

sign process in terms of time, direct costs, indirect costs and green-buil-

However, in some cases, the bureaucratic and manage-
ment process was so complicated that none of the sub-
jects involved knew what depended on what. Therefore,
for the purpose of this research activities with undefined
scheduling features were considered not individually but
as part of groups of activities (milestones) whose start and
ending point could be determined univocally.

« Cost Analysis: Indirect costs resulted difficult
to estimate because were not related to any written
document nor any specific activity or event of the project.
Furthermore, data related to indirect costs were collected
through interviews to all subjects involved which, in some
cases, weren't able to identify project management wastes.

- Researchers only analyzed the cost of the problems
they had related information of, there might have been
other extra costs that couldn’t be estimate because
nobody appointed them as problems and so researchers
didn’t even know the existence of.

- Finally, researchers could not estimate the cost
of not using the money allocated for the project during a
medium-large period of time. The case-study refers to a

ding values.
RESEARCH SUMMARY TABLE
PROELEM CATEGOREES Commissioning Nodppropriate  Lackofproject  Systematic cuts Energy
Authorityimis  clausgsinbid  managerior toproject  Modellingrol
& proced docmmentation whole project budges and proscedsd TOTAL
DETECTED WASTES
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6. LIMITATIONS

-Time analysis: The research project had many
subjects involved and no global coordination, the lack of
a common protocol for the collection and storage of re-
search-related data established prior to the project start
determined a quantitative level of uncertainty.

-Estimating the delay of single activities resulted
sometimes difficult and ambiguous because depended
from other activities which dependency could not be
calculated. By matching data proceeding from interviews
and project documentation, researchers determined the
duration, floats, predecessors and successors of each activity.

Fonte - Autors

public project funded by the public authority. Funds for the
project construction have to be listed and approved along
with the public county budget still during the project de-
sign stage and remain locked in the public budget until the
construction phase. Delays in design phase completion and
consequently construction phase start represent a loss for
the founding entity which can’t use nor invest the money
allocated for the entire project.

« Sustainability Analysis: For the purpose of the pre-
sent work researchers took into consideration only a single
green-building protocol, LEED. The need of reducing the
number of variables imposed the selection of a single pro-
tocol which is currently the most used at an international
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level for number of certified buildings and square meters.
However, this protocol represents only a fraction of the gre-
en-building construction market and therefore results of
the present research have to be considered partially valid.

Finally, as a general limitation for the work, resear-
chers specify that avoiding the causes that determined the
problems mentioned above is a necessary condition but
maybe not sufficient to avoid the waste. The problems lis-
ted above have been calculated with reference to an opti-
mum and ideal situation characterized by zero waste in ter-
ms of time, costs and sustainability. Researchers don't have
evidence that such waste can be fully avoided. In order to
validate this thesis, researchers would need to analyze other
projects where appropriate means and resources are imple-
mented in order to prevent wastes listed above. This, along
with other ideas listed below, represents one possible field
for the development of future research works.
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