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Abstract

Green building is a practice applied to the whole life cycle of a buildulmich means its
environmental performanas not only defined by desigmut also by the management processes
in the constructionpperation and maintenance oflauilding. Over the past 10 years, research in
green buildings has been increasing, mostly focusimghe design and energy efficiency.
Contractorsnow represent a critical role in sustainabjlthut theyhave received less support and
attention than thelesign communityThis thesis aims to conduct research in environmental
sustainability by focusing on three main areasvironmentalpractices project managemet,
and organizationgberspectiveWhile contractors in Canada are focusiogthe implementabn
of green practicemainly established by LEEDa main problem is that the concept of "green”
remains unclear an@mbiguous in constructiompractices. Tis researchstared with the
identification of green building constructionpractices categorieappicable tocontractorsby
reviewing and comparinggreen building standards atiterature review Next, this research
consideredthe management perspective bbgnducting semstructured interviews in four
construction organizations in order to documdmw LEED is integrated ito project
management and what issues companiedaxing in the implementation of greeanstruction
practices. In addition, this thesis identified best practices in how these companies are supporting
the reduction of environmentampacts during the construction phagaverall, this thesis
collected several green categoribsit can serve as a guidance f@anadian contractort
develop specific practices within these categoriesagivdnce their environmental sustainabijlity
alongwith four case studies to document LEED construction management anemieawof

the organizational tools used by companies for their environmental management.



Lay Summary

There has been a growth in the green building movement in Canada over theidgash ye
order to reduce climate change impacts. Sustainability in buildsnigsing considered in the
design, construction and operatisth the use of tandardsand rating system3he main goal
of this thesis was ta@onduct research in environmentaegories related to the construction
phase to help contractors identify the main areas where they can advance their @adtices
examine project managememind organizational practices from four construction companies

thatwork in the construction ajreen building projects.
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Chapter 1 Introduction

1.1. Introduction

The construction industry is one of the largest sectors of Canada'srgcotantributing
approximately seven percent to the Gross National Product annually, with the scale of resource
use similarly large. As themportance of sustainable development Hheen increasingly
recognizedtheawareness of the environmental impadtthe construction industryas grown.

According to the World Commission on Environment and Development, sustainable
development refers to "development that meets the needs of the present without compromising
the ability of future generations to meet th@wn needs"(WCED, 1987) Sustainable
development hademme a goal in many countries around the worldl @anada isa clear
example The City of Vancouver has the goal to become the greenest city in the world by 2020 in
orde to create a better life for future generations. One of its goals is "to lead the world in green
building design and constructiofCity of Vancouver, 2012and in order to achieve thigjore
researchn sustainability manageent should be conducted

Sustainability should be considered in the whole life cycle of a buijldiogh design to
construction and operatio®tandards, certifications, and other materials that help capture and
codify sustainable practices buildingsare becoming increasingly commadne of the most
popular standards used in Canada is LEED. However, LEED and other stardards mainly address
design practices, while contractors also require guidance in green building construction practices.

"Contractorsplay an essential role in greéwildings but have received less attention and
support for these efforts than the design community in genéRdsenberg, Merson, &
Funkhouser, 2003) Due to the increasing changes of standamad policies, contractors are
adopting new management activities in order to comply with certification and organization
requirements. Contractors now represent a critical role in sustainability and they can add value
through a better management procesd through the implementation of additional green
construction practices

This thesis aims to establish a broad understandinthefjreen construction practices
categoriesthrough a comparison of green buildings standards and literegurew, and to
expore best practices in project and organization management that support the implementation
of green construction practices in Canada from the contractor perspective through a series of case

studies.



1.2. Motivation
The motivation for this research started frarg own personal background. | had two years
of experience working for contractors, so doing research from their perspective provided a
staring point. In addition, earning the LEED Green Associate certification gave me an insight of
how LEED is mainly focaed on the design phase. This lead to several questions such as: What
other additional construction green practices can contractors apgpdg? | noticed the
increasingamount and changes of standards, certificatiselifassessmentand regulations tha
companies need to follow during construction. Different questions arose from this idea such as:
How are contractors adapting to those changes? How are contractors managing green building
standards during construction? Are these processes well documented?
| decided to focus my research in this area. | wanted to explore, in a holistic way, the
technical and management aspects of the environmental side of sustainability from the
contractors' perspective. | chose case study interviews a central part ofthodabegy as it
provides the best way to get an insight of Canadian industry practitioners. | used this idea as a
motivation for my research and driver for defining my objectives and scope of my research work.
1.3. Objectives
This thesis hatteeprimary obgctives:
1. To identify the greerbuilding constructionpracticescategoriesestablished in current green
building standards that particulafimpact the construction phase
2. To document the integration of LEED construction practiceseiproject managemeiareas
established by the Project Management Institute.
3. To document the organizationabproach from contractofer the implementation of green
building construction practices
1.4. Scope of Work
This thesis is based on thembination ofinformation from threesources
1. Existing researclpublished in paperdfjooks,reports, thesis/dissertations and organizations'
websites(reviewed injError! No se encuentra el origen de la referencia.to understand
the current trends i@anadiargreen building practices.
2. A comparisorof green building rating systenasd practices implemented in the construction
phase(detailedin jError! No se encuentra el origen de la referencid. This comparison

examinedfour green building rating systenttsat are applied in the Canadian Industry and



onethatis applied mainly in the UKn orderto obtain a general overview of the differesice

in constructionrelatedcredits.

3. Case study information frofiour construction organization¥he mainfocus was on LEED
management ingreen building, mostly casidering preconstruction and construction
phass, which fall under the project management teanformation about organizational
support andools for the managememtf green buildingsite practices was also gathered
through the interviewsl' he details bthe data collection process and synthesis of information
obtained from each organizatiaredescribed irChapter 4

1.5. Research Challenges
Therewerea number of challenges regarding this researthe data collection was from

different construction congmies. Some of them didn't provide all the documentation required.

Access to thesenissing components couldave providedan opportunity for more detailed

analysis of the documented processes.

The data collection consisted in5 hour interviews Clear understanding of the practices
could be improved by direct observation in the daily activities and more involvement in the
organization.

The final challenge was my limited knowledge of sustainability certifications before this
research commenced. My backgnd is in Civil Engineering and not specifically in
sustainability or environmental management. | decided to take the LEED Green Associate
certification and a Sustainability Management Certification from the University of Minnesota to
become more familiawith green building standards aodyanizatiomal sustainability.

1.6. Research Methodology
This researclncludes a literature review arsdsix-stepmethodology'DP4C: Define, Plan,

Collect, Classify, CheckCommunicate The idea for naming and following shinethodology

was obtained from similar methodologies such as the 'PDCA: Plan, Do, Check, Act' model

followed by ISO StandarddSO, 2013)and the 'DMAIC: Define, Measure, Analyze, Improve,

Control' followed inthe Six Sigmamethod by the American Society for Quality review

processe$ASQ, 2017) The overall methodology for this thesiasas follows:

1. Conduct a literature review: the review included journal and conference papers, reports,
whitepagers, books and official organizations' repoeiated to the following themes:

1 overviewof sustainability in terms of sustainable development and the triple bottgm line



greenbuilding standards and Canadian industry trends in green building practices
previousresearchn environmental management from a contractor's perspeatide

overview of the aspects to consider in each one of the layers of environmental
managemenigreen practicegproject management and organizatio

2. Define: definethelevel of impact of LEED 2009 credits in the construction phase and define
green buildingconstructionpracticescategoriesapplicable tacontractordrom literature and
from 'credis’ established in green building standards

3. Plan: planand design the interview.

4. Collect: collect the data through interviews in four construction organizations. Semi
structured interviews were conducted grdject documentation was gathered if permitted
by the company. All the interviews were recorded.

5. Classify: classify and synthesizehe information obtained through the interviewad
documentation. The informatiomasclassified inthetwo following perspectives:

1 Project Perspective
1 Organizatiomal Perspective

6. Check: the accuracy of the information was reviewed in the two perspectwvasidered in
this research.

1 Project Perspective:The resultsfrom the previous stepwvere verified for any
discrepancieamong the case studies

1 Organizatioral Perspective:The results from the previous step wereviewed with
information about the appmxrh to sustainabilitydisplayed onthe top 40 contractors'
websitesn Canada The list of these contractors was obtained from a report presented in
AOn-Site Canada's Construction Magazin(@017)

7. Communicate: communicatethe final results and contributions of the research in this thesis.
The methodology from step 2 tetep 7is represented by thidowchart shown inFigure

1.1Figure 11 Research Methodolodwr illustration purposes:



p-- \‘ p-- \‘ Z SN

Define Plan Collect

AGreen Practices for Ainterview framework Ainterviews

Contractors Ainterview design ADocumentation

Communicate Check Classify

e AProject Perspective AProject Perspective

AOrganization AOrganization
Perspective Perspective

Figure 1.1 Research Methodology

1.7. Research Framework

The methodology previously mentioned are the steps followed in this research. However, this
researchfollows a framework method for the management of qualitative data. The framework
method is use for the management of qualitative data, where the information is organized into
categories to help summarize and synthesize thg@ata et al., 2013). The framework consists
of three layerd the green practices layer, the project management layerthendrganizational
laye® corresponding to the three objectives listed in Secfidh The reason to use this
framework is that each layer is fundamental to achieve the best outcome of environmental
sustainability in projects. Anore detailed description about the framework and information
related to each layer is provided in Chapter 3.

This thesis approaches the first layer, green practices, by:
1. Evaluaing each one of LEED 2009 credits and deteingnthe level of impactd the
construction phase.
2. Collectng practices categories by exploring the credits found in GREEN Globes and LEED,
which are popular standards used in Canada, REAP, which is the UBC green building standard,
BREEAM, which is a recognized internationarstlard, and a review of two journal papers. One
of journal papers developed a list of 54 construction phase sustainability actions (O'Connor et al.,
2016) while the other consisted of an evaluation e$ita environmental performance indicators

to enhancea green construction operati(fou & Sungwoo, 2013)



This thesis approaches the second layer, project management, by:
1. Conduahg semistructuredinterviews to determine how LEED is integrated project
management andlassifying the information in the knowledge areas establishedPtmject
Management Institute
2. Condudng semistructured interviews to determine specific LEED credit issues and
classifyingthe information in the knowledge areas establishedrbj& Managementnstitute

This thesis approaches the third layer, organizational implementation, by:
1. Condudnhg semistructuredinterviews to determine how companies are supporting the
implementation of green building construction practicesidentifying best practices.

The information is summarized in Figure 3.2

Framework Objectives Approach

«LEED 2009 evaluation
> Objective 1 wCategories from literature and green
building standards

w{ Sfictured interviews
WLEED integration and LBEredit issues
classified in PMI knowledge areas

w{ Sfdctured interviews
Organizational Objective3 w. SaG LINI OGAO0OS A
Implementation

Figure 1.2 Research Approach to Environmental Management Framework

Project
Management

Objective?2

1.8. Organization of Thesis

A brief overview of each chapter is presented below:

Chapter 2 ses up a knowledge platform for the rest of the thesis and acts as a point of
departure. This chaptstarts with a general overview of sustainability and how the construction
building industry has defined it with standards and rating systems. This is ddllbythe
literature related to the Canadian industry dierin green building practices and relevant

information to the contractor's view in the implementation of these practices to set up the context



of this researchAn overview of the factors impactingreen building performance outconse
also included in this chapter.

Chapter 3 introduces the framework followed in this research, explaining the importance of
each one of the layers and providing a detailed description of each layer is related to this
research. This chapter alsalks abouthe data collection process. It discusses the design of the
interview, the selection of case studies, a brief introduction to each case, and an overview of the
companies' contribution to this thesis.

Chapter 4 is relatd to objective Inentioned in 8ction1.3and presentthe level of impact
thatthe creditsfrom LEED 2009have oncontractorgthe case studies involved in this research
all worked with the 2009 version ofEED). A list of building construction practicesategories
for improving environmntal performance generatécbm LEED 2009, LEED v4, GREEN
GLOBES, BREEAM and various researchsourcesis provided in thischapter The list of
categoriesprovide a reference not only to techical practicesbut alsoto some management
aspects.

Chapter 5reviews the project management perspective from the case studies evaluated. This
section makes reference to trecend objective established ir@&ion 1.3 The irformation is
first presented imerms ofthe 3P'8 people processand planning according to the information
from the interviews and théocumentation gatherddom the four construction organizations
Finally, the informationfrom the interviewsabout LEEDintegration and issues related to green
constructioncreditsis synthesized and classified in the project management areas established by
the Project Management Institute.

Chapter 6 corresponds to the organizatarperspective and relates to ttierd objective
established in &ction1.3. It gives a general overview of best practices and how companies can
enhance theirmplementationtowards environmental managementthe construction phase
This section also involvesreview of the websites of the top 40 contractors in Canada listed in
On-Site Magazine in June 20Which supporédthe information found in the case studies.

Chapter 7 summarizes the entire thesis while highlighting the research contributions. The

limitationsin this research and scope for future work are also mentioned in this chapter.



Chapter 2 Literature Review

2.1. Introduction
This chaptemrovidesa general backgrounidr the research, starting wién overview of
sustainability and green buildingsdfollowing with reviewing the Canadian perspectigéthe
level of activity, triggershenefits and barriers to the implementation of green buildings. This
backgrounds continued with a review of current research done from a contractor's perspective.
The final section disusses research related to the impact of project delivery and integration on
building performance and critical project management success factors identified in several
papers.
2.2. Sustainability Overview
Literature such as journal papers conference paperseports,whitepapersand books are
replete of definitionsframeworks and models to define and implement sustainability. Most of
them startaddressingsustainability from one of the most popular definitions for sustainable
development mentioned in 1987 khe U.N World Commission on Environment and
Development (WCED) in the Brundtland Report. According to the definition established,
sustainable development refers to "development that meets the needs of the present without
compromising the ability of futurgenerations to meet their own need8VCED, 1987)
Sustainabilityis also generallglescribed in terms dhe triple bottom lineThe triple bottom
line goal as represented kiigure 2.1was first established by John Elkingtmnhis 1998 book
fiCannibals with Forks: the Triple Bottom Line of 21st CentBrsiness (USGBC, 2014)
incorporating:
1 social perspective geople): costs and benefits related to all people influenced directly or
indirectly by a project
1 environment perspective flanet): costs and benefits related to the natural environment,
locally or globally influenced by a projecnd
1 economic perspective fgrofit): economic costs and benefits of a project for all the

stakeholders.



Environmental
(Planet)

Sustainability

Economic Social
(Profit) (People)

Figure 2.1 Triple Bottom Line

The definition of sustainable development and the triple bottom line seems to be applicable
to every field from global development policies to the building industry. The building industry
has a signifiant effect on the environment and human health as they consume more than one
half of the world's physical resources and account for 30% to 40% of the world's energy use.
(CSC, 2011) Just h Vancouver, building account for 5% of GHG emissiongCity of
Vancouver, 2012) In this context, sustainability means creating places environmentally
responsible, healthful and profitablldSGBC, 2014)and in order to achieve thi#)e building
industry has been shifting the traditional practices to green practices.

2.3. Green Buildings

Green building has been definég many organizationsThe U.S. Office of the Federal
Environmental Executive describédas "he practiceof 1) increaing the efficiency with which
buildings and their sites use energy, water and materials, and 2) reducing building impacts on
human health and the environment, through bediBng, design, construction, operation,
maintenance and removal throughout tbenplete lifecycle'(CSC, 2011)The US EPA defines
it asthe "practice of creating structures and using processes that are environmentally responsible
and resourcefficient throughout a building's lifeycle fran siting to design, construction,
operation, maintenance, renovation and deconginicfUS EPA, 2016)CAGBC defines it as
the "method and practice faddressingclimate, minimizing energy and resource demands, and
for building more resilient and healthy communitie§CAGBC, 2016) Essentially, green
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building is defined ashe practice, method or even process of continual improve(h&GBC,
2014)applied to the whe life cycle of a building to increase efficiency and redteanpacts,
but not as the end product.

2.3.1. GreenBuilding Standards and Assessment

Standards
Defined by <
Codes
Rating

Systems
Assessed b
LCA

Figure 2.2 Green Building Practices Definition and Assessment

Green
Building

There is now a growtlin the developmenbf codes,standards, rating, and certification
programs to help guide, demonstrate, and document efforts to deliver sustainable buildings
(Vierra, 2016) As shown inFigure 2.2 green buildingis defined bystandards and codes and
mainly assessed by rating systems and LCA methodology.

A standard idefined by ISO &: "a document, established by consensus, approved by a

recognized body that provides for common and repeated use as rules, guidelines, or
charateristics for activities or their result§lSO, 2004)and they mainly serve as incentives for
improved performanceStandardsand codesan be prescriptivbased, where the methods of
achievement are identifieby quantifiablevaluesor performancebasedstandardsand where
only theexpectedend results are identifie@Vierra, 2016) Codes aréntendedto be mandatory
andthey representhe minimum standar@Cheong, 201 Relevant codes providainimum
requirements for increasing the environmental and health performance of B{ddBdEPA,
2017) A recognizednternationalstandard ighe American Society of Heating, Refrigeration,
and AirConditioning EngineerStandard for the Design of HigRerformance Green Buildings
Except LowRise Residential Building2011 edition ANSI/ASHRAE/USGBC/IES Standard
189.22011,(ASHRAE 189.1), and a recognized model cod#éhésinternational Code Council's
2012 International Gen Construction Code (IgCQUS EPA, 2017)however neither are used
directlyin CanadgCheong, 2017)
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There are two main approachesr fassessingbuilding® impacts LCA (Life Cycle
Assessment) and building rating systefos a combination of bothBerrardi et al., 2017)
Rating systems are a type of building certification system that ttaésvels of compliance or
performance with specific eneinmental goals and requiremer{igierra, 2016) The green
building movement &s involved the creation anehodification of multiple green building
standards and rating systems in order to change the design, planning, construction and operation
of buildings to create sustainable and ultimately, regenerative built environn{el8&BC,

2014) There are many rating systems used and created in different countries around the world

but most of them include the following crite(RAernardi et al., 2017):

91 Categoriesspecific ses of items considered during tlassessment

1 Scoring Systema performance measurement system that represents the points or credits that
can be earned by achieviagertainlevel of performance in several aspects

1 Weighting Systema level of elevance assigned to each specific categothin the overall
scoring systemand

1 Output:the results of the performance obtained during the scoring phase

Thefirst sustainability standard for buildinggs foundedn 1990 in the United Kingdom by
the Building Reseath Establishment Global Ltdknown as BREEAM followed by a rapid
growth in the creation of other similar standaras represented iRigure 2.3 which highlights
the increasing phenomen@mom 1990 to 2014After 2012,however,the rate of growtlstarted
to stabilize(Bernardi efal., 2017)
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Figure 2.3 Growth in Building Assessment Bols Source from (Bernardi et al., 2017)

2.3.2. Green Building Standardsand Rating Systemsn Canada

Green building standasdin Canadabegan to appear shortly after the depetent of
BREEAM, the first green building standafidm the UKin 199Q The regional initiatives for
green buildings started with BREEAManadain 1996, an environmental performance
assessment standard released by the Canadian Standards Assasi@ti®sPlus 1132 Next,
Green Globes for Existing Building was developed in 2000 by ECD Energy and Environmental
Canada, followed by Green Globes for New Buildings Canada with the support of the Canadian
Department of National Defense and Public Works and Gawemh Service$ECD Energy and
Environmental Canada, 2013reen Globes for existing buildings new administered by the
Building Owners and Managers Association (BOMA Canada) and has been rebranded as BOMA
BESt (Building Enwionmental Standards). Around the same vyears, after the release of
BREEAM-Canada,ltie first LEED rating systemwasadapted for Canada and thEED Canada
for New Construction and Major Renovations version W&k launched in December 2004
(CAGBC, 2010) More stringent standasdstared appearing in Canagauch as the Living
Building Challenge, the first versioaf which was presented and launched in 2006 by the
International LivingFuture Institute (ILFI)anorganizationcreaed by Cascadia Green Building
Council (CGBC), a chapter of USGBC and CAGBthe Living Building Challenge was
endorsed by both the US Green Building Council and the CaBaglan Building Council in
2006 to promotetheir goals(ILFI, 2017) In 2011, he International Living Futurénstitute
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created her Net Zero Energy Bilding Certification(NZEB) to verify netzeroenergy building
performance. NZEB is one of three certification paths under the Living Building Challenge
(ILFI, 2017) Figure 2.4represents the spectrum of increasing ewél"green” from typical
building codedo restorative buildings and emphasiziee high level of stringency in the Living

Building Challenge as it close toreading restorative buildings

TYPICAL “CODE™ BETTER BUILDING HIGH PERFORMANCE PURSUING RESTORATIVE
BUILDINGS PRACTICES GREEN BUILDINGS SUSTAINABILITY BUILDINGS
LEEDSilver — LEED /— The
/ Platinum Natural Step

=a

Other

Standards Certified Building Challenge
Curment Technologies D el NewTechnologies
and Services

Citation: The diagram above, courtesy of SERA Architects, highlights the ¢ of building practices across the spectrum of their
ecological impacts, from code minimum to restorative buildings. Restorative or regenerative describes the ability for human and natural
systems to cooperatively support each other indefinitely, by improving the ability of the whole system to continually co-evolve toward
greater health, vitality, and integrity.

Figure 24 Shades of GreenSource from(Eisenberg et al., 2009)

13



Table 21 Popular Standards Used in Canatisscribes the top selected green building

standards for newuildings.



Table 21 Popular Standards Used in Canadd1/2 Pages)

Building Rating
or Certification
System

Development

Details in Canada

Purpose

Description

Levels

Areas of Focus

Leadership in
Energy and
Environmental
Design (LED)

Organization
USGBC

Year
1998

Country
u.s

w! RYAYyAad
Canada by CAGBC

w[FdSai
used:

LEED 2009
LEED v4

I+

Promote resource
efficient buildings
to create healthier
environments and
reduce impact to
environment by
using less water,
energyand GHG
while lowering
operating costs

Internationally

recognized thirebarty

certification program

w/ SNIATFAS
40-49 points

w{ At @SNY
50-59 points
wD2ft RY
60-79 points

wt £ F 4AY dzy
80 points and
above

w{dzadl Ayl
w[ 201 GA2Yy

Transportation

w?2 | S NhcY 7
w9y SNHBHE |
Atmosphere

wal G§SNAI §

Resources
wLYy R22NJ
Environmental
Quality

Green Building
Assessment
Protocol for
Commercial

Buildings

(Green Globes)

Organization
ECD Energy and
Environment
Canada

Year
2000 (for Existing
Buildings)

Country
Canada

w! RYAY A&
Canada by BOMA
BESt for existing
buildings and ECD
Energy and
Environment
Canada Ltd for New
Buildings.

w[FGSad =
Green Globes
Canada Design for
New Construction
and Major Retrofits

v.2 2014

Encourage
improved
environmental an
health performance
for wide range of
commercial,
institutional and
multi residential
building types.

An online assessment|

protocol, rating

system, and guidance

for green building
design,operationand
management. Can
provide market
recognition of a
buildh y 3 Qa
environmental
attributes through
third-party
verification.

wm 3Jf 2084
wH 3Jf 2084
wo 3Jf 2083
wn 3t 2083

wt N22S0i
Management

w{ A0S

w9y SNHE&
w?2 | G§SNJ
wal G§SNRI €
Resources
wWI9YAAaaaAz2y
wLy R22NJ
Environment




Table 21 (continued)Popular Standards Used inCanada(2/2 Pages)

Building Rating

or Certification Development Details in Canada Purpose Description Levels Areas of Focus
System
w[ AGAY 3
Certification:
Philosophy, advocacy| All imperatives to
platform and the project
certification program | typology
to define priorities
wL[ CL éd a Promotes a healthy| &1d core vales to wt SO f
by CGBC (Cascadii . Y direct the building certification:
o S and sustainable )
Organization Green Building industry rather than | -3/7 Petals
: . future by creaing . -
International Council), a chapter resilient andsek just providing -One should be wPlace
Living Future of USGBC and sufficient buildings. | Information on the Water, Energy or | w2 I (i SNJ
Institute CAGBC 95| technical level. Green| Materials w9y SNBE&
- - Iltuses aflowerasg , . . e . A p
Living Building metaphor because building certification | -Imperative wl SIHf 0K &
Challenge Year w[ AGAy 3 the idpeal built program and 01:Limisto Happiness
2006 Challenge v3.0 environment sustainable design Growth + w al G§SNRAI
w[ AGAyYy3 . framework to create | Imperative 20: w9 lj dzA § &
should function as . S A P
Country Challenge v3.1 (As cleanlv and regenerative, seif Inspiration + w . Sl dzué
US/Canada of Dec 31, 2016, all| ~_.". y sufficient, healthy and| Education are
: . efficiently as a . - ;
projects will need beautiful buildings. required
. . flower.
to register this one) Includes pedrmance
goals rather than best| W %S NB 9 y §
practices to empower | Certification:
the creation of design | Generate all
solutions. energy on site
without
combustion

*Data sourced from(Green Building Canada, 201@)SGBC, 201TYSGBC, 2013ECD Energy and Environmental Canada, 2QLF)l, 2017)



The latestaddition to thetrend of green building standards found in the Zero Carbon
Building Standardinitiative created by CAGBC in 2016 to assess carbon emissions in
commercial, institutional ah multifamily buildings (CAGBC, 2017) Another standrd with
increasing popularity ithe WELL Building Standard, the first versioh whichwas released in
2014 by thenternationalWELL Building Institute (IWBI). Certification can be obtained by the
Green Business Certification Inc. (GBCJust aswith LEED, and the purposes to focus
exclusively on enhancing people's health and-ieihg through the bla environment. WELL
and LEED complement each other in the optimization of healthy ragh-performance
environments a8VELL mainly promaes human health aidEED mainly focused in enhancing
environmental sustainabiliff\wBI, 2015). There are other popular certificationsed inCanada
focused orboth green building and home buildinguch asBuiltGreen(a national certification
progran) and Passive Housé certification system focusing on home building envelope
optimization (Green Building Canada, 2016)

2.3.3. Green Building Standards inBC

Updates togreen buildingcodes, standardsating and certificationhawe occurred in BC
since 2007 Thereis a currenfocuson GHG emissionscarbonneutrality, andrenewablesnergy.
There has been more adaptation to the green building movewtgoh will be discussed in
section 2.4

The City of Vancouveb $argetis to reduce communitypased GHG by 33% from 2007 by
2020,achievezero emissions new builtys by 2030and bel00% renewable by 205The City
of Vancouverds 2011 Gr een NeGoldandBujt GRenlGold y r ef
as tools to achievéheir green hiilding goals.Since January2011, all rezoningprojectsare
required to achieve LEED Gold with a minimum of 63 points and a minimum of 6 Optimize
Energy Performance points, 20% Water Use Reduction (prerequisite), and 1 Storm Water point.
Alternatively, pojects mayachievea minimum of LEED Multifamiy Midrise, Built Green
Multi-Storey and Residential Tower Gold (MS&RT) with a minimum of 35% better than
MNECB (Model National Energy Code for Building)r Built Green for Homes Gold or LEED
for Homes Gold, atha score oEneiGuide 82. (Sawatzky, 2011)



2.4. Canadian Green Building Movement

Canada'’s vision is to be one of the greenest countries in the world and to continue improving
quality of life. Canada's view on sustainable develepimgoes beyond conserving the
environment for future generatignand strives for'achieving lowcarbon, environmentally
responsible economic growth, maintaining and restoring our ecosystems, and ensuring Canadians
can flourish in clean and healthy enviroents" (Government of Canada, 2016) The
Governmenbf Canada is taking actions to reduce GHG emissasnsientioned in the previous
section In addition, companies across Canada are developing processes to reduce their
environmentafootprint.

Green buildng is an actionable solution thaill help to achieve Canada's climate change
commitments as buildings generate over 30% of Canada's GHG emissions from heating, cooling
and lighting. In addition, :05% are embodied in Hdding materials and produc{€AGBC,

2017) There has been a transformation in the construction industry by the Canadian green
building movementand while Canada is still becoming more green, it has advanced its green
market,ranking 24th globally on the 2014 Environmental Performance I(a@xoject between

the Yale Center for Environmental Law and Policy and the Center for International Earth
Science Information Network at Columbia University, in collaboration with the VWEmtshomic

Forum) (CAGBC, 2014) The following sections provide a general viewtlmeemain aspectsf

this green building movemenevel of green activitytriggers and reasons that increase green
building activity, and berefits and barriersof green building rating systenisom a Canadian
perspective.

2.4.1. Level of Green Activity

Green building growth in Canada has been promoted by building owners, institutional
investors, corporate sustainability policies and building codefvyrequirementsbut voluntary
adoptionhasplayed a major rolén the increase of green buildingdcGraw Hill Construction
alongwith the Canada Green Building Council conducted a stfdpe Canadian green building
movement. This study involved 20@micipantsfrom Canada inluding architects, contractors,
building owners/developers and consultants/engindens. the purposes of the study, they
considered a green building project ase that wasLEED certified, orthat usedanother
recognized greenuiding standard, otthat wasenergy and water efficient and addrekse

improved indoor air quality and/or material resource conservaiiba.findings show how the



green building movement is growin@rigure 2.4 and it is expected to become even more
comma every year. In 2011, only 27% of the participants repdtat more than 60% of their
projects were green. This number increased by 6% in 2014 and it was expected to have another
17% increase by 20(CAGBC, 2014)

100%

80% °

60% :

40% :

20% | — | - —:

0% :

20m 2014 27
More than 60% B% o I0%
Green Projects Green Projects
31% to 60% B 5% or Fewer
Green Projects B Green Projects

Figure 2.5 Level of Green Building Activity. Source from(CAGBC, 2014)

The use of green building certification or rating systems varies by building sector. The
institutional and commercial sectorseek the most certifications, with 79% and 67%
(respectively)f the progcts in Canada being certifiaghile only 49% of new mid and higfise
residential projectseek certificatio(CAGBC, 2014) The use of rating systems algaries
through the different regionsf CanadaFigure 2.6, with Ontarioreachingthe highest level of

green building activity, followed by Quebec and British Columbia.
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Figure 2.6 LEED-Certified Projects in Canada. Data obtaned from (CAGBC, 2017)

2.4.2. Triggers for Green Buildings

A belief that it is the right thing to dand client demand are the main readonshe increase
in green building activity in the Canadian Industry. Other reasons, ir afdimportance,
include: municipal and federal green building policiéswer operating costs, corporate social
responsibility commitment, higher building values, market transformation, environmental/ public
relationsand higher returof investmentasrepresented ifigure 2.7. The desire to do the right
thing demonstratefiow strondy green building practicesre promotedand valuedin the
Canadian industry becaugbally, this reason is not a main trigger for increasing green activity
(client demad and environmental/public relations wédoeind to be the mosimportart world-
wide, Figure 2.8. Lowering Operating Costs was an important factor in both Canada and
globally, however, it is expected that the importance of this driver will begin to dexdie@ergy

efficiency becomes more widesprd@AGBC, 2014)



Top Trigger for Increasing Involvement in Green Building in Can.

Right Thing to Dc 24%
Client Demand

Municipal and Federal Green Building Polic
Lower Operating Cost:

Corporate Social Responsability Commitme
Higher Building Value:

Market Transformation

Environmental Regulation:

Branding/Public Relation:

Higher ROI

Figure 2.7 Top Trigger for Increasing Green Involvement in Canada. Adapted from(CAGBC, 2014)
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Right Thing to Client Demand Operating Social . Higher Buildin Transformatio /Public Higher ROI
Do Responsabilit Values ;
Costs . n Relations
Commitment
H Canada 201 24% 18% 8% 6% 4% 4% 3% 3%
Global 2012 8% 16% 10% 4% 4% 7% 12% 2%

Figure 2.8 Triggers for Increasing Green Involvement in Canada Adapted from (CAGBC, 2014)

Governmenimandates have made a large impattcompaniesPolicies can help drive the

Canadian market to be alder in sustainability and encourage green building activity.



2.4.3. Benefitsand Barriers for Building Green

There are several barriers to the growth of green buildings such as higher first costs, lack of
market demand, lack of political support, ladkgovenment orutility incentives, &ordability,
lack of public awareness and time constraf@®GBC, 2014) Other challenges includex
tendeng to maintain current practices, limited sustaitigbknowledge and understandingifin
subcontractors, recovery of lotgrm savings not reflected in service &ricture andhigh cost
for sustainable materials and produgtang et al., 2014)

However clear evidence of the benefits of green building is showithbyCanada Green
Building Council,a not-for-profit nationalorganizatiorthatholdsthelicensefor the LEED green
building rating system. As of 2015, LEED buildings have eliminated 1,261,076 ©6s of
GHG emissions, diverted over 1.5 million tonnes of waste from lanatiidl saved 12.8 billion
liters of water per year in Canad@AGBC, 2017) Table 2.4 showa list of benefits of green
buildings.

Table 22 Benefits of Green Buildings. Data obtained from{CAGBC, 2014)

Environmental Social Economic

Decreased operating costs: For
Average: 82% decrease in energy| Promote greater health and well | new buildings: 17% over years. F(
consumption being retrofit/renovation projects: 11%
over 5 years

Encourage sustainable business | Public demonstration of corporate

Lower greenhouse gas practices sustainability

Improve indoor air quality Increase employee productivity Future proofing assets

Reasoable payback periods:-&
Protect natural resources Encourage sense of community | years. Higher overall return of
investment

Average: 68% decrease in water
consumption

Increased building values:

Support domestic economy increased value of 4%

Make aesthetically pleasing Higher rental rates




2.5. Understandingthe Current Situation from the Contractor's Perspective

Contractors play an important role in promoting sustainable development by taking
responsibility to reduce the negative impacts on environment, society and maximize their
economic contribution.Green buding practices have evolved quickly, challenging the
construction industry for a quick adaptation in their business practices and field opdiEdions
et al., 2011) Contractors are participatiraqnd representing crucial role in the success of green
buildings as themplemertationand documentation of some credits depend exclusively on them.
(Rosenberg et al., 20Q3fror this reason, contractor's are taking not just the responsibility in
achieving sustainability requirements but also developing stestégistreamline the processes.

Frank Ross, President of AECON, one of the top contractors in Canada merignedo p | e
are beginning to take greaterinterest in how we manage our work, and how we manage the
environment. And we've been getting a lotsapport from our employees and clienist 6 s now
centr al to just about ev dAEEONp Thasjiseometof themain we 6 r
reasonghatcontractors are choosing to be more "gredfijure 2.9llustrate allthe triggers that
makecontractos choose green building practices, showing not ofignt demand matters, but
also because it is the right thing to do and fombnag/public relations purpose, which means
that being "green" can differentiate their bussis from other contractors. This is an interesting
thing to see as only 14% of architects voted that they will do it for branding/public relations and
not surprisingly, lowering operating costs veamainreason for owners. The Canadiardustry
is goingto an increasing level of "green” in their practices but it is important to evaluate the
differences in the reasotisey are considering for their involvement in this movemerit igsa
way to know what are the impacts for them. It can be inferred dbratractos will start
developing strategies not only in their projenagemento achieve client requirements in the
project but also in their organizatioAccording to a research, the main challenges presented in
contractors' organizations towards simshility are perceived high cost, client requirements,
knowledge or skills of employees, procurement process. support from company board, contract

requirements, time constraints and diverse business ser¢@psku & Vian, 204)
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Top Three Triggers for Increasing Involvement in Green Build

m Owners

= Contractors

m Architects

Client Demand

Right Thing to Dg

Lower Operating Cost:
Environmental Regulation:
Market Transformation
Branding/Public Relations
Higher Building Value

Municipal and Federal Green Building Polic
Corporate Social Responsability Commitme

Figure 2.9 Top Three Triggers for Increasing Involvement in Green Building. Adapted from(CAGBC, 2014)

2.6. FactorsImpacting Green Buildings Performance Outcomes

Sustainable higiperformance hildings require superior planning, design and construction
processes in order to achieve the goals within realistic financial time cons{ftaortsnaz et. al,
2010) Several studies have been conducted on the project delivery of green buildings and
project management factors from the perspective of architectural, engineering and construction
firms to improve the environmental performamegcomeof building projects.
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Project delivery is a process that starts with the owner decision to construct agbaiidin
involves preconstruction, design, construction and commissioning activiiles. processes
identified by Lapisnki et al. (2006) contributirig the progct delivery of green buildings are
decision to evaluate and adopt sustainable objectives @arthe process, alignment of
sustainable objectives to the project business case, identification and pursuit of building features
that align with sustainability, early selection of experezhdesign and construction team, and
investing time to align indidual team member goals with project goals. A research paper by
Korkmaz et al. (2010) explored several attributes leading to better building project performance
outcomes Theydefined owner commitment, project delivery system, project team procurement
contract conditions, design integration, project team characteristics, and construction process as
independent variables and schedule, cost, quality and sustainable high performance as dependent
variables. The study concluded that timiaf the contractor'sinvolvement and owner type
strongly affect performance outcomes. shmilar study was performedy Cheng (2015)
exploring three case studies with a specific framewveorksideringproject context variabteand
key factors such as commercial stratediest indude projectdelivery type and contract type,
leadership strategies in terms of collaboration and how teams dteamad logistical/process
strategiedor information management. The study identified thatre is astronglink between
the highperformame outcome with integrated decisions made during the design and
construction processeAn integrated design process and integrated tea@ssecognized athe
main factor in the creation of higherformance green buildings.

Different project delivery ntbods such as designd-build (DBB), construction manager at
risk (CMR), and desigibuild provide different levels of integration between project teams.
Molenaar et al. (2009) investigated the impacts of these main delivery methods for achieving
sustainate high-performance building projects and concluded that the use of more integrated
project delivery methods such as the desigitd provides a more optimal performance, in
addition, they also highlightl the importance of the early contractor involvemenimeeting
sustainable objectives.

There is also another project delivery method used in recent years that has takebudlesign
method to another levelntegrated Project DeliverfPD) is defined by the American Institute
of Architects as "project digery approach that integrates people, systems, business structures

and practices into a process thallaboratively harnesses the talents and insights of all
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participants to optimize project results, increase value to the owner, reduce waste, andenaximi
efficiency through all phases of design, fabrication, and construc{idl®, 2007). 1t is
proposed that IPD can bring benefits to owners, designers and contractors. Contractors are
allowed to contribute in the design presdeading to improvements in the project quality and
financial performance during the construction ph#se. suggested thatreng preconstruction
planning involving desigmelated issues, construction sequencing and budget management will
increase ta likelihood that project goals and sustainability are achieved. There are several
principles that need to be followed in this type of project deliveryiasitollaboration process.
Among them, early goal definition, early involvement of key partidiparcollaborative
innovation, intensified planning, open communication, organization, and leadership are
fundamental factors to achieve better outconBeginning fromthe conceptualization phase,
contractors can contribute with cost information, costomsti constructability issues, initial
procurenent and construction schedule. Laterthe process, they can helpth validation of

cost and schedulend assessment of compatibilligtween thalesign andhe work of trades.

(AIA, 2007)

Critical project management factors in green buildings have been also recently researched. A
study by Yuan Li et al. (2011) explored five major project management components: human
resourcesriented factors, technical and innovatiamented &ctors, support from designers and
senior management, project manager's competence, and coordination of designers and
contractors. The study identified that coordination of designers and corgraotdrtechnical
and innovatiororiented factors such asniovative management approach, innovative financing
method, and effective software applicas@me the most critical success fact@isnilar research
was performed by Pheng Low et. al (20bdghlighting that theiop ten critical success factors
for greenbuildings are:management support, effective project planning and control, building
owner's involvement, cost management, responsiveness of building owner, legislation, clear
project scope and priorities of stakeholders, competence of project managbty qua
management, and space management.

2.7. Conclusion

This chapter started with an overview of sustainability and ended with an explanation of the

environmental management framework used in this research. Hundreds of journal papers, books

and articles are régte with definitions of sustainability, but they generally derive from the
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definition of sustainable development established by UN WCED in 198deaglbpment that

meets the needs of the present without compromising the ability of future generatioestto m
their own needsand the triple bottortine approacho sustainability that takes into account the
environmental, economic and social perspectives. These two approaches have been applied to
many industries, including the building industry with the tioeaof green buildings. This
chapter discussed the importance of considering green buildings as a method, practice or process
of continual improvement rather than as the end prodiidiecause the best practices of today

will become the norms of tomorrow.

This chapter also gave a general overview of the Canadian context, explaining the high
commitment that has taken the Government of Canada towards sustainability and towards the
growth in green building activitylt also provided information about the greénilding
movement, finding that the two main reasons for contractors to participate in green building
projects are because it is the right thing to do and for branding/public relations purposes.

Finally, this chapter discussed factors impacting greeribgilperformance outcomes. An
integrated design process and integrated teeensrecognized as main facgin the creation of
high-performance green buildings.
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Chapter 3 Framework for Environmental Management

3.1. Introduction

This chapter introduces the three layefsenvironmental manageménthe green practices
layer, the project management layer, and the organizationaBlaperesponding to the three
objectives listed in Sectioh.3. This chapter provides an explanation of each oedayers and
sets the background knowledge needed to understand the thesis approach mentioned in section
1.7.

The data collection process involved interviews and documentation review from four
different case studies. The four companies were general donsrathat worked on the
construction of green buildings. This chap#dso discusses the design of the interview, the
selection of case studies, a brief introduction to each case, and a quick overview of the
companies' contribution to this thesis. The samerview was applied to all the companies;
however, the information obtained from each one varied slightly as summarized in the last
section of this chapter.

3.2. Framework Description

The framework used in this research is shawRigure3.1, which include greerpractices

project managemenand organizational strategy. Each layer is connectedet@orresponding

objective mentioned in Sectidn3.

Green
Practices

Project Management

Organizational Implementation

Figure 3. 1Environmental Management Framework
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Srdic et al. (2013) took aimilar approachin a study of environmental management in
projectoriented companies within the construction. Howevtite three layers that the authors
considered were building levelrelated to integrated quality and specifsuistainability
assessmeptprocess/project levétoncerned with both the project and organization perspective
for the establishment of quality anasw&ronmental management systgmand construction
product level(referring to the requirements that hawebe met for the structure to ensure the
quality of the structune

The reason to use this framework is that each layer is fundamental to achieve the best
outcome ofenvironmental sustainability in projeciBhe first layer refers to the green practices
categories that are more linked toettechnical aspects managed in the construction phase.
However, the nontechnical aspect is equally important for successful implementation of green
building. Management is believed to be the factor that most oftenrndietes the success or
failure of a progct (Imada 2002) (ISO, 2013) so this was included in the next two layers
Project nanagements "the application of the application of knowledge, skillspls and
techniques to projecactivities to meet the project requiremen(®MI, 2013) A study
suggested that project management factors such as heswurces oriented factors, technical
and innovatiororiented factors, support from designers and semi@nagement, project
manager 6s competence, and coordination of de
success of green building proje€¥ian Li et al., 2011)

The third layerarises becausthe construction industry is a projdzased organizan,
creating "temporary systems" for carrying out their wétject management activities should
be aligned with togevel business directiorand organizational strategyPMI, 2013)
Organizational strategglso relates tdhow environmental performance can be managed and
controlled including standards, organization policy and implementation systeoser et al.,
2012). According to 1ISO 14031, management performance and indicators related to policies,
people, planning, adfities, practices,documentation and procedures at all levels of the
organization, including actions related to the environmental aspectdivatitly affect the
performance in the organization's operations, influencing the environmental performance.

3.3. Green Construction PracticesCategories

As mentioned in section 1.7, this thesis approaches the first layer, green practices, by:
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1. Evaluating each one of LEED 2009 credits and determining the level of impact to the
construction phase.

2. Collecting practies categories by exploring the credits found in GREEN Globes and LEED,
which are popular standards used in Canada, REAP, which is the UBC green building standard,
BREEAM, which is a recognized international standard, and a review of two journal papers. One
of journal papers developed a list of 54 construction phase sustainability actions (O'Connor et al.,
2016) while the other consisted of an evaluation e$ite environmental performance indicators

to enhance a green construction operaffou & Sungwoo, 2013)

At present,sustainability in the construction indusioften means applying LEED.LEED
Canada N€L.0 was introduced in 2004 ansince thenthe number if certified buildinghas
grown rapidlyfrom 31 certified buildags in 2005 to 2,576 buildings in 20(GAGBC, 2016)

The Government of Canada established &ED Canada has transformed the whgt built
environments are degied, constructed and operaiedot only buildings but alsdones,
neighborhoodsand communitie§Government of Canada, 201REED will continue to be used

to promote sustainabilitygs building operarsand corporate executives considere ibea key

way to communicate sustainability stakeholders and to support corporate sustainability efforts
(Long, 2015)

In a recent life cycle assessment study mfade 4000m? office building, the construction
phase representdaktweenapproximately 3o to 9% of te life cycle impact of the building
(Delem et al.,, 2013)However,while LEED is widely implemented, it offers more specific
recommendations in the planning and design phases of pr@@csnnor et al., 2015 his is
problematic,asthe environmental grformance of a building is not only defined by the design
featuresof a building, but also by the management processes for the constropgoation and
maintenance of a buildingSO, 2010)

According to a surveyconduced by Construction Sector Council in the Canadian
construction industrythe implementation of green practices extending beyond dasggmot a
high priorityd efforts to adoptefficient structural design and building science alrepdges
enough challengef®r the industrg yet efforts by contractors tdoecome morégreen” onsite
are being seewithin the Canadian indust@CSC, 2011) The main problem is that the concept
of "green" remains unclear and ambiguous@stainableonstructionpractices area relatively

recent trend in the construction industihis creates a confusion in how to transform "green”
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into construction practices. The industry is currently in a transitional phase in which

environmental approaches arecbming more commarhowever,they are not yet standardized

in a cohesive manner. Certain approaches and aspects of green bdiklichsas energy

efficiencyd are becoming more standardizédt there is stilla lack of common understanding

in terms of sitemanagemen{CSC, 2011) Also, research has foced on design and energy

efficiency, as highlighted irFigure 3.2, which showsthat only 4% of the research rislates to

onsite practicegas reported im studyof the state oknowledge of green buildings, evaluating

218 papers and published in the International Journal of Construction Engineering and
Management(Owens byConte & Yepes, 2012)

Water Sawving

IntErier Quality

Design end Innovation

Energy Efficiency

M aterizls

Others

Tendencies

Sitm

1 - -~

Figure 3.2 Papers Related with Green Building Aspects Source from(Owens byConte & Yepes, 2012)

Similar priorities arealso seen in Vancouver's Greenest City 2020 Action, Ridnich

focuses mainlon updating the Vancouver Building Bylaw to impmenergy efficiency antb

reduce greenhouse gas emissions in both new and existing buildings, developing and promoting

tools that enable energy efficien@nd using price signals in permit fees for new construction

and in renovations to existing buildgs to reward energy efficiency and greenhouse gas

reductionqCity of Vancouver, 2012)
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Public and private wners, along with designerare taking the lead in pursuing sustainable
design and construction practices. The desigihave taken the leading role in the green building
movement sincehe beginningbecause they are the creators of the initial idea for the built
environment (Riley et al. 2003). However, because both the designer and the owner are readily
adopting sustaiable design practices, it becomes essential for the contractor to become an active
team member in successfully implementing green building projects (Syal et al. 2007).

3.4. Project Management Perspective

As mentioned in section 1.7, this thesis approachesdbend layer, project management,
by:

1. Conducting semstructured interviews to determine how LEED is integrated in project
management and classifying the information in the knowledge areas established by Project
Management Institute.

2. Conducting seirstructured interviews to determine specific LEED credit issues and
classifying the information in the knowledge areas established by Project Management Institute.

Management practicesust be modified in order to incorporate sustainable practices into
design and construction proces$Bgal et al., 2011)There are a number pfoject management
frameworks in existence for a variety of purposes. The ones chedenndations fothis thesis
were based on the booRLEED-New Project Managemen{Yellamraju, 2010)and the fifth
edition of the Project Management Body of KnowledB#l, 2013) Theseframeworks were
used to design the interview amd Chapter 5to classify the final results obtained rfinothe
interview.

The project processes performed by the project team generally fall into two caté@bties
2013)

1 Productoriented processegheseprocesses specify and create the project's produtheln

case ofthisreear ch, the Aproducto is considered to

the construction phase, soprodact i ent ed processes correspond

to manage the LEED certification effortsTheseprocessesre classifiedusingthe 3P'S:

PeopleProcessandPlanning asdescribed in Section 2.6.2.1
1 Projectmanagement processéiseseare the managemeptocessethatensure the effeéiwve

flow of the projecthroughall phases The description of these processesSeécttion 2.6.2

classifieshow LEED isintegratednto the project management areas.
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Previousrelated research sugge#tatthe six majomproject managemeimtinctions impacted
by LEED are cost estimating, scheduling, project documentation, contracts and agreements,
coordination with other team members, subcontractardination and field operationsThese
impacts wereassessellased on their design, material specification, field installation and LEED
documentation requirementSyal et al., 2011)(Syal et al., 2007)
3.4.1.1. LEED - New Project Management
LEED is a performanceébased rating systemthat provides a framework for design,
construction and operation of buildingsLEED 2009, which is theversion used o the case
studiesdescribedin Chapter 4, evaluates perforneanin seven key ared¥ellamraju, 2010)
(CAGBC, 2010)
1 Sustainable Siteselectiondesign and management of project sites
1 Water Efficiency water reduction strategies.
1 Energy and Atmosphererergy efficiency of hildings and energy consumption.
1 Materials and Resourcesaste reduction and selection of sustainable materials
1 Indoor Environmental Quality: the improvement of the overall indoor air quality of
buildings
1 Innovation in Design: innovtave strategies not addressed the other creditareasor
exemplary performance, which meansingobeyondthe normal requirements fdtEED
credit.
1 Regional Priority:creditsthathave been identified to beportantpriorities fora particular
region.
In additionto the achievable credjtthere are certain prerequisites under each category that the
project must meefThe number of points will determine the level of certification. The levels that
can be achieved ags follows:
91 Certified:40-49 points
1 Silver: 50-59 points
1 Gold:60-79 points
9 Platinum 80 points and above
LEED projects should be managed differently than-bBED projects. Three major
components that are critical for the management of a project are thér®e&ss, People and

Planning.(Yellamraju, 2010)
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Processrefers to the streamlined series of steps to obtain LEED certification.
People: involves the project team model, roles and responsibilitiesd skills and
characteristics of project team members.

1 Planning:refers to the plafor the execution of LEED processes.
This classificatiorwasused for the interview design process described in Chapter 4.

3.4.1.2. Project Management Body of Knowledge
The Guide to theProject Management Body of Knowledderown asthe PMBOK Guide,

was developed by the Project Management Institute to provide guidelines for managing

individual projects, define project management related concapdsiescribe project fie cycle

and related processd®MI, 2013) The PMBOK Guide describes 47 project management

processes within 5 project management process groups and 10 knowledge areas. This thesis will

only use the knowledge areas, which are mainly defined as "set of cotesptsand activities

that make um professional field or area of specialization". The knowledge areas are described

as follows:

1. Integration management processeso identify, define, combine, unify, and coordinate the
various processes

2. Scope managementprocessesequired toguaranteghat the project includes all the work
required, and only the work required, to complete the project successfully.

3. Time management:processesequired to manage the timely completion of the project

4. Cost management: processesinvolved in planning, estimeiy, budgeting, financing,
funding,managing, and controlling costs.

5. Quality management processesthat determine quality policies, objectives, and
responsibilities so that the project will satisfy the nesusrequirements established.

6. Human resources nanagement: processeghat organize, manage, and lead the project
team.

7. Communications management:processeghat are requiredor the appropriate planning,
collection, creation, distribution, storage, retrieval, managengamttrol, monitoring, and
final disposition of project information.

8. Risk management: processesof conducting risk management planning, identification,

analysis, response plaing, and controlling risk on th@oject.
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9. Procurement management:processesiecessary to purchase or acquire potgiuservices,
or results needed from outside the project team. Includes contract management and change
control processes.

10. Stakeholder management: processesrequired to identify the people, groups, or

organizations that could impaat be impacted by thergect.

3.5. Organizational Perspective

As mentioned in sectionl.7, this thesis approaches the third layer, organizational
implementation, by:

1. Conductingsemistructured interviews to determine how companies are supporting the
implementation of green buildg construction practices and identifying best practices.

McGrawHill conducted a study demonstratitizat only 9% of construction companies
actually transformed sustainability into their organization and daily practices (McGraw Hill
Construction, 2012).Therefore, it is important to develop organieatl transformation
strategieghat allow companies to successfully@uat and implement sustainabilifiang Hee,

Ahn, Jeon, & Suh, 2014)

A study performed by OfofBoadu et al (2012) investigatedbest practicesfrom six
successful green building contractors and classified them using the six Malcolm Baldrige
National Quality Award criteria of leadership, strategic planning, customer focus, measurement,
analysis and knowledge magement, workforce focus, and operation focus. In terms of
leadership, each organization stated that they encouraged employee commitment to LEED,
reward employees committed to LEED goals, and maintain membership with USGBC. In terms
of strategic planningthe most significant factors were the incorporation of LEED goals in the
organizational strategic planning, showcase on websites, green building departthenthei
company, dedicated budget allocation for promoting LEED gpaldvertisement of LEED
credentials in the company, and partner with LEED contractors. In terms of knowledge
management, performance metrics and performance database were the practices mentioned by
the contractors. In terms of workforce, training resources, employee training, reysteds,
LEED-AP prerequisites were the priority issues. And in terms of operations focus, promoting
familiarity with LEED documents since the beginning of the projects was an important factor for

the construction companies.
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This research is intended imentify best practices relating to the organization perspective.

Best practice research relies on the idea of communicating and transfering practices that seem to

work well somewhere elsdBest practice researéhalso referred to as "good practice" and

"smart practiced has been described as beimpgacticd and useful(Vesely, 2011) Table 3.1

provides different definitions considered for best practice research.

Table 3.1 Definitions of BPR. Adapted from (Vesely, 2011)

Definition

Source

Best practice refers to the most efficient way
doing something. Almost every industnhas
adopted best practices in some aspect of
processes. One of those industries that sh
successflly and publicly adapted best practicés
project management.

(Encyclopedia of Management , 2009)

Best practice arise from the management tq
known as "benchmarking”. Management proces
are uniform enough so that a "beptactice” can be
identified and then adopted by another entity.

(Encyclopedia of Small Business, 2007)

Best practice is the selective observation of a se
exemplars across different contexts in order
derive more gaeralizable principles and theories.

(Overman & Boyd, 1994)

Best practices can emphasized the functionality, processes and/or innovativeness and

transformability of a practic@/esely, 2011)

T

Functionality: emphasizes general ideas,

be transferred.
Processes: focuses on the identification

profit.

where a set of functions can generate learning and

of best or optimal process for attaining the highest

Innovativeness and transformability: focusestlo@ implementation of practices related to

successful projects and the introduction of new approaches.

This research emphasizes innovativeness and transformability, striving to understand the

tools that companies are applying to implement green buildingtuction practices.

3.6. Data Collection Process

3.6.1. Design ofthe Interview

The author conducted sesstructured interviews, which angse for gathering qualitative

information. Semstructured interviews am@rganizedaround a set of predetermined ojarded

questions, and throughout the interview, other questions can emerge from the dialogue between

the interviewer and interviewee. The interview can take from between 30 minutes to several
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hours to completéDiCicco-Bloom & Crabtree2006) Interviews were between one hour to one

hour and a half. The interview questions followed the framework presented in Taliter4tlie

project management perspective, the interview questions were to understand how LEED was
integrated in projectmanagement and to document LEED credits issues from projects. The
guestions were not directly asked according to the knowledge management areas established in
PMI due to time limits. The questions were made according to the interview framework
presented inTable 3.2 and later classified in the knowledge areas. For the organization
perspective, an opeended question was made to know how they support green building
practices implement and then the answer was discussed in the inteftiewomplete set of

interview questions can be found in Appendix A.

Table 3.2 Interview Framework

Framework for Interviews

Material Selection

Site Disturbance

Practices
Waste Management

Indoor Air Quality
Team Members

People Roles andReponsabilities
Experience and Knowledge
Pre-construction activities

Planning -
Documentation

Construction activities

Process -
Documentation

Project Man. Project Management Impact

General Organizatioral Perspective

3.6.2. Selection of Case Studies

Four cas studies were studied along with existing literature to develop this research. The
selection of case studies was based on the willingnesoradtruction companieto share
information about their compangrojects and experienced.he four constructiolmrganizations
were selected for this study because they manage LEED projects. They were all managing LEED
version 2009 projects, which is not the most recent version. General information from the case

studiess presented in Tablg.3
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Table 3.3 Case Studies Information

Case Study 1

Case Study 2

Case Study 3

Case Study 4

Company:

u5eneral contractor
Intenationalcompany
with a Canadian
subsidiary

wDperate in all provinces
in Canada

-Offices in Toronto,
Ontarioand BC

Project:
ubDesignbuild project
wSchool project under

Company:

w5eneral contractor &
construction manager
wDperates in BC
afocus is on muHinit
residential, commercial,
light industrial,
recreational, institutimal
and municipal
construction projects
uServices range from
development
management, general

Company:
winternational company
wDperates in all provices
in Canada

-Focus on large
commercial, institutional
and civil construction
projects

Project:

wConstruction
Management

ulNew construction and

Company:

uServices range from
preconstrudgion,
construction, virtual
construction and work
with several project
delivery methods
wDperate in BC and
Alberta

wfFocus on commercial,
residential and
institutional buildings

LEED 2009 contracting, construction | renovation project under | Project:
W.EED Gold management, and other | LEED 2009 abesignebid-build
wJpgrade project project delivery methods.| WL EED Silver uResidential building with
ulocated BC ubocated in BC communitycentre, park
Project: and plaza
No specific project -LEED 2009 Gold
-Located in BC
3.6.3. Data Collection Synthesis

The data collection synthesis is presented in T&ble showing theperson interviewed

documentation gathered, and collaboration from each. -Seudtured interviews were

corducted and in some cases, the person focuseckxain areas more than others and the

collaboration varies slightly. However, all of them were very useful for developing the

information providd in Chapter 5 and 6. The only case study that is not p&hafpter 6, which

provides an overview of the organization perspective, is Case Study 4, since the project
coordinator had a general idea but did not have deep knowledge of how the company supports

green building construction practices implementation.
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Table 3.4 Data Collection Synthesis

Case Study 1 Case Study 2 Case Study 3 Case Study 4
Numper of 3 1 1 1
Interviews
w tNr2SOi
Interview Ol 9.9 5t NE | Senior Project Project Manage Project Coordinator
Coordinator Manager
w{FFSGe& n
Y
Documentation Yes No Yes (Documentation
overview)
w[ 995 {02
w2laads +ry
plans .

Documentation w[ 995 NBIj N/A g?\r/tilraolni]'vcljtal wal G§SNRAI €
Provided whNBIyAT | ) : w2 &adsS ¢ NJ
. Inspection report

policies towards
sustainability
wLyallSona
Documer_ltatlon PrOJecF " . N/A Organization N/A
Perspective Organization
w5SFAYS t w 520dzYSy
w5SFAYS t - - Overview
Implementation WSSTAYS t W5SFAYS t|w DSYSNIf
A A W5 STAYS t . .
W5 STAYS t Implementation Implementation: Project Managemen
. Implementation pie - Waste + Material |w5 2 OdzY Sy i
Collaboration O W5 STAYS t .
w! RRAUAZ2Y Implementation Only Overview
Environmental X - |w58FAYS t|whNEFYATL
) whNHBFYALL .
Practces Situation Implementation Structure
whNBI yAT I whNABIFYAT |
Situation Situation

3.7.

A research framework was introduced in this chapter that serves as the basis for the

Conclusion

development of this thesis. The framework ¢dess green practices, projeotanagementand
organizational perspective. Each layer of this framework is important to reach the best outcome
of environmental sustainability.

The data collection process was also discussed, showing the topics of thevntgrestions
and the data collection synthesis. Satnuctured interviews were conducted and in some cases,
the person interviewed focused oertainareas more than others and the collaboration varies
slightly. However, all of them were very useful fdeveloping the information provided in
Chapter 5 and 6.
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Chapter 4 Objective 1,Green Construction PracticesCategories

4.1. Introduction

Section2.6.1described howhe environmental performance of a building is definetionly
by its designquality, but also by the nmagement processes fits construction,operation and
maintenancgISO, 2010) Since current Canadian construction sustainability practices focus
mainly on LEED,this chapterexaminesthe level of impacthat LEED 2009 credts have on
contractors.The impact in the different phases was evaluated according to the management
activities related to each -NeerwedRPrtojreecfter daarcaeg
(Yellamraju, 2010)The impact of eachredit was classifi@ as high, medium and low.

LEED was used to set the first green categories. After that, LEED v4, REAP and Green
Globes were explored, developing a table with the specific credits contained in each one of these
standards applicable spfcally to contractors. This was useful for the categories classification
and to understand the main green atgam which the current industry is focusing.

A list of categoriesvhere practices can be advancedhprove environmental performance
is generated,collecting practicescategoriesfrom credits found in:LEED 2009, LEED v4,
REAP,GREEN GLOBES, BREEAMand research in order to provide guidance to contractors
to focus and advance th&nvironmental construction practicegthin these categorse The list
of categoriegprovide a referenceo not only technical practicebut alsoto practices suggested
by green building standardisr managing the construction phase.

4.2. LEED in Contractors

Several studies have analyzed the impact of LEED requitsmam the construction
management practices as general contractbifferent studiessuggest that contractors should
develop techniques and strategies ferosion and sedimentation control requirements,
construction IAQ management, coordination with g@nmissioning agent, management of
performancebasedmaterials credits, and data trackifi®Rpsenberg et al.,2008pyal et al., 2007)

(Syal et al., 2011)suggestinghatthese are the main practices impacting the construction phase
of a projectHowever they do nofrovide insght of how LEED impacts a project as a whole. In
order to understand this, the author conducted an evaluation in each credit of LEED 2009 and
how it impacts the different phases of a projebihe phases considered weass follows
(Yellamraju, 2010)

1 Predesign:pre-schematic design
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1 Design:schematic design, desigievelopmentand construction documents
1 Constructionbuilding construction

The impact of each credit wakassifial as high, medium and love an described in Tabld.1.

Table 4.1 Description of Credit Impact Levels

Impact Number Description

High 4 Main activity /Implementation /High level of coordination
Medium 3 Reviews /Low level of coordination

Low 2 Recommeded activities

N/A 1 No specific activities were recommended for the credit

*Note: Impact levels defined by author

The impact in the different phases was evaluated according to the management activities
related to each credit referenced in the bébEED-New Project Managemen(Yellamraju,
2010) Results are illustrated ipigure4.1, highlighting thatthe LEED 2009standard is mainly
focusedon attributes manageduring theearly project phasefpre-design and desigrand is
limited to aspects related to the structural building itself such as energy efficvestey, and

interior systems.

LEED 200¢

Construction LEED 200¢

Design LEED 200¢

Predesign FED 200

[{a)

[EnY

15 2 2.5 3 3.5 4 4.5

Figure 4.1 LEED 2009 Impact in Project Phases

The complete table showing the impacts related to eestiit in the different phases is
included in AppendibD. However, as the objective of this thesis is to evaluate the construction
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phase. The table of the impacts of each credit is presentedie4.2. This was done in order to
obtain the practice® be included in the data collection process, which \asr®llows
1 Site disturbancencludesthe prevention of pollution arising frooonstruction activiesand
habitat protection and restoration.
Wastemanagemenincludes planning and implementation.
Indoor air qualityincludes indoor air quality during construction, before ocnapand low
emitting materials.
1 Materials coordinationncludes materials reuse, recycled content, regional materials, rapidly

renewable materials and certified wood.
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Table 4.2 LEED 2009 Credit Impact in Contractors, in terms of High, Medium, Low Impact (1/2 Pages)

o
D 2009

A
Sustanable Sites
Prereq 1 Construction Activity Pollution Prevention w
Credit 1 Ste Selection w
Credit 2 Development Density and Community Connectivity w
Credit 3 Brownfield Redevelopment w
Credit 4.1 Alternative Transportation: Public Transportation Access w
Credit 4.2 Alternative Transportation: Bicycledsage & Changing Rooms W
Credit 4.3 Alternative Transportation: LoWlgmitting & FueEfficient Vehicles w
Credit 4.4 Alternative Transportation: Parking Capacity w
Credit 5.1 Site Development: Protect and Restore habitat w
Credit5.2 Site Development: Maximize Open Space w
Credit 6.1 Stormwater Design: Quantity Control w
Credit 6.2 Stormwater Design: Quality Control w
Credit 7.1 Heat Island Effect: NeRoof w
Credit 7.2 Heat Island Effect: Roof w
Credit 8 Light Pollution Reduction w
Water Efficiency
Prereq 1 Water Use Reduction w
Credit 1 Water Efficient Landscaping w
Credit 2 Innovative Wastewater Technologies w
Credit 3 Water Use Reduction w
Energy & Amosphere
Prereq 1 Fundamental Commissioning of Building Energy Systems w
Prereq 2 Minimum Energy Performance w
Prereq 3 Fundamental Refrigerant Management w
Credit 1 Optimize Energy Performance w
Credit 2 OnSite Renewble Energy W
Credit 3 Enhanced Commissioning W
Credit 4 Enhanced Refrigerant Management w
Credit 5 Measurement and Verification w
Credit 6 Green Power w
Materials & Resources
Prereq 1 Storage and Collection oEByclables W
Credit 1.1 Building Reuse: Maintain Existing Walls, Floors, and Roof w
Credit 1.2 Building Reuse: Maintain Interior NeStructural Elements w
Credit 2 Construction Waste Management w
Credit 3 Materials Reuse w
Credit 4 Recycled Content w
Credit 5 Regional Materials w
Credit 6 Rapidly Renewable Materials w
Credit 7 Certified Wood w
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Table 4.2LEED 2009 Credit Impact in Contractors, in terms of High, Medium, Low Impact (2/2 Pages)

Indoor Environmental Quality

Prereq 1

Prereq 2

Credit 1

Credit 2

Credit 3.1
Credit 3.2
Credit 4.1
Credit 4.2
Credit 4.3
Credit 4.4
Credit 5

Credit 6.1
Credit 6.2
Credit 7.1
Credit 7.2
Credit 8.1
Credt 8.2

Minimum Indoor Air Quality Performance

Environmental Tobacco Smoke (ETS) Control

Outdoor Air Delivery Monitoring

Increased Vetilation

Construction IAQ Management Plan: During Construction
Construction IAQ Management Plan: Before Occupancy
LowEmitting Materials: Adhesives and Sealants
LowEmitting Materials: Paints and Coatings

LowEmitting Materials: Flooring Systems

LowEmitting Materials: Composite Wood and Agrifibre Products
Indoor Chemical and Pollutant Source Control
Controllability of System: Lighting

Controllability of System: Thermal Comfort

Thermal Comfort: Design

Thermal Comfort: Verification

Daylight and Views: Daylight

Daylight and Views: Views

EEgEegEEEC

w
w
w
w
w
w
w
w
w
w

*Note: Credits sourced from LEED 20@&tivities related to each credivere considered from(Yellamraju, 2010)impact
level determined by author

4.3. Advancing Environmental Practices in the Construction Phase

As mentioned in the previous sectiothe LEED 2009 practices that most impact the

contractor aras follows

9 site disturbance,

material tracking,

1
! waste management, and
1

indoor air quality.

Table 4.3 demonstrate how LEED) s f ocus on

t he

idge Bhis gable phas e

shows thenumber of credits that can be submitted in design and the number of credits that can be

submited in construction. Appendix C and D contain thenpletelist of credits with the design

and construction classification® new categry was added in LEED v4 "Locatioand

Transportation” which mainlympacts the design phase as well. Some credits aadbw-

emitting materials were combinedaone crediin LEED v4, causingthe points cooerning the

construction phase decrease. IhEED v4, 75% of the credits can be submittedtethe design

phase is completed in comparison wéth% in LEED 2009.
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Table 4.3 LEED 2009 and v4 Credits- Recommended Submission

LEED 2009 LEED v4
Design 33 credits 61% Design 39 credits 75%
Construction 21 credits 39% Construction 13 credits 25%

*Excludes Innovation and Regional Priority Credits
*Based on Split Review Suggestions in LEED Reference Guides
*Based on LEED for New Construction Reference Guides

Table 4.4 shows the spedfic credits related to green construction practices. The green
building standards considered were LEED 2009, LEED v4, Green Globetheftesidential
Environmental Assessment PrograrREAP, UBC's own green building standayd The
completeevaluation of these standards shownin Appendx B. The complete evaluation was
done in order tensure thafTable 3.5 includeé all the criteria of green practicgetherefore the

intent,requirementand evaluatiof each credit islocumented in Appendix B.
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Table 4.4 Credit Comparison LEED 2009, LEED v4, REAP, Green Globes (1/3 Pages)

Name

LEED 2009 LEED V4 REAP GREEN GLOBES
Category Subcategory
Sustainable Sites > Sustainable Sites>. Construction > CON B. Site > B.2. Ecological
Erosion and | Prereq 1>Constriction | Prereq.Construction Mandatory > M5 ' o 9

Site Disturbance

Sediment Control

Activity Pollution
Prevention

Activity Pollution
Prevention

Erosion and Sediment
Control

Impacts >Site
Disturbance and Erosior|

Site Protection

Sustainable Sites > Cre||
5.1Site development:
Protect and Restore
Habitat

Sustainable Sites >
Credit.Site
Development: Protect
and Restore Habitat

Construction > CON
Mandatory > M1-
Staging and
Construction

B. Site > B.2. Ecological
Impads >Site
Disturbance and Erosior|

Construction > CON
Mandatory > M2
Vegetation Safeguards
and LandClearing
Debris

B. Site > B.2. Ecological
Impacts >Tree
Preservation

Coordination for
Material Tracking

Coordination for
Material Tracking

Materials and Resource
> Credit Materials
Reuse

Materials and Resource
>.Credit.Building
Product Disclosure and
Optimization-
Environmental Product
Declarations

Materials and
Resources>MR-1
Recycled Content and
Reused Materials >MR
1.1 & 1.2Reused
BuildingMaterials

E. Materials and
Resources >Elfterior
Fit-Out (Including
Finishes and
Furnishings)

Materials and Resource;
>Credit 4Recycled
Content

Materials and Resource
>. CreditBuilding
Product Disclosure and
Optimization- Sourcing
of Raw Materids

Materials and
Resources>MR-1
Recycled Content and
Reused Materials >MR
1.3Recycled Content
Materials

Materials and Resource;
> Credit 5Regional
Material

Materials and Resource
>, CrediBuilding
Product Disclosure and
Optimization- Material
Ingredients

Materials and
Resources>MR-2
Regional Materials >MR|
2.1 & 2.2Regionally
Manufactured Building
Materials

Materials and Resource;
> Credit 6 Rapidly
Renewable Materials

Materials and
Resources>MR-3
Certified and Non
Endangered Forest
Praducts >MR 3.1
Dimensional Lumber
and Plywood

Materials and Resource;
>Credit 7 Certified
Wood

Materials and
Resources>MR-3
Certified and Non
Endangered Forest
Products >MR 3.2
Hardwood Floors

Materials and
Resources>MR-4
Building Produet
Ingredients>MR 4.1
Transparency of
Ingredients

Materials and
Resources>MR-4
Building Produet
Ingredients>MR 4.2
Optimization of

Ingredients
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Table 4.4 Credit Comparison LEED 2009, LEED v4, REAP, Green Globes (2/3 Pages)

Name

Category

Indoor Air Quality

LEED 2009 LEED V4 REAP GREEN GLOBES
Subcategory
Indoor Environmental Indoor Environmenta | G. Indoor Environment
Quality 3 ow-Emitting | Indoor Environmental | Quality >IEQ > G.1 Ventilation
Materials: Adhesives | Quality > CreditLow- | Mandatory >1EQ M1 | >Source Control and
and Sealants> Credit | Emitting Materials Adhesives and Measurement of
4.1 Sealants Indoor Pollutants
Indoor Environmental Indoor Envionmental
Quality 3 ow-Emitting Quality >IEQ
Materials: Paints and Mandatory > IEQ M2
Coatings> Credit 4.2 Paints and Coatings
Indoor Environmental Indoor Environmental
Quiality }owEmitting Quality >IEQ
Materials: Flooring Mandatory > IEQ M3
Systems> Credit 4.3 Carpet
Indoor Environmental Indoor Environmental
Quiality owEmiting Quality >IEQ 1Low
Low Emitting Materials: Composite Emitting Materials>
Materials Wood and Agnf!bre IEQ 1.1ow VOC_
Products> Credit 4.4 Paints and Coatings
Indoor Environmental
Quality >IEQ 1Low
Emitting Materials>
IEQ 1.2 ow Emittirg
Composite Wood
Producs
Indoor Environmental
Quality >IEQ 1Low
Emitting Materials>
IEQ 1.3 ow Emitting
Insulation
Indoor Environmental
Quality >IEQ Low
Emitting Materials>
IEQ 1.4.ow Emitting
Cabinetry
Indoor Environmental | Indoor Environmental | Construction > CON-1 A-Project Managemen
Quality > Credit 3.1 Quality >Credit. Constuction Indoor Air .
Construction Indoor | Construction Indoor | Quality Management A2 Enwronmentql
Air Quality Air Quality Plan> CON1.4Andoor Management During
. . . . Construction 3AQ
Construction Marjagement Pla_n. Marjagement Pla_n. Air Quality During Construction
Indoor Air During Construction During Construction Management Plan
Quality Indoor Environmental Construction > CON-1

Quality > Credit 3.2.
Construction Indoor
Air Qudity
Management Plan:
Before Occupancy

Indoor Environmental
Quality >Creditindoor
Air Quality Assessmen|

Construction Indoor Ai
Quality Management
Plan> CON1.2
Flushout/ IAQ Test

G. Indoor Environment
> G.1 Ventilation Air
Handing Equipment

Commissioning

Energy & Atmosphere
> Prereq 1.
Fundamental
Commissioning of
Building Energy
Systems

Energy & Atmosphere
> Prereq.
Fundamental
Commissioning of
Building Energy
Systems

Energy and
Atmosphere > EA-3
Commissioning > EA
3.1-Commissioning

A-Project
Management>A.3
Commissioning >
Whole Building
Comissioning

Energy & Atmosphere
> Credit 3.Enhanced
Commissioning

Energy & Atmosphere
> Credit. Enhanced

Commissioning
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Table 4.4 Credit Comparison LEED 2009, LEED v4, REA2, Green Globes (3/3 Pages)

Resources> Credit.
Construction and
Demolition Waste
Management

Name LEED 2009 LEED V4 REAP GREEN GLOBES
Category Subcategory
Materials and Materials and Construction > CON .
. Resources> Prereq. Materials and
Resources > Credit 2 : Mandatory > M6
- Construction and Resources > Waste >
Construction Waste o Waste Management :
Demolition Waste Construction Waste
Management . Plan
Waste Managemert Planning
Management Materials and

Equipment and
Material Related

Construction > CON
Mandatory > M3
Truck Management
Plan

A-Project Managemen
A.2 Environmental
Management During
Construction XClean
Diesel Practices

A-Project Managemen

Practices Construction > CON A2 Envwonmentgl
Management During
Mandatory > M4 )
Construction Mould
Wheel Wash e .
Mitigation During
Construction
Innovatian and Design
Innovation in Design >| Innovation in Design >| Process (ID) >ID-2
Green Building | Credit 2LEED Credit.LEED Integrative and
Professional | Accredited Accredited Universal Design > ID
Professional Professional 2.1Green Building
Management Specialist

Related Practices

Environmental
Management
Tools

A-Project Managemen
A.2 Environmental
Management During
Construction >
Environmental
Management System

As mentoned in Sectior2.6.1, there is10 clear consensuamong contractoraboutwhat

"green” means in the construction phafbis can be observed in Table 4.4 as LEED 2009,

LEED v4, REAP and Green Globes have different name and classification of credital@pplic

to contractors. In order to solve thi$able 3.5was created to showa complete list of

environmentatechnicaland management practiceategories in which contractors can advance
their practices to improve their green performance. Table 3.5 alsesnaacomparison between
LEED 2009 LEED v4 andBREEAM. Practices that are not marked in any of the green building

standards were obtained from REAP or from two journaemafO'Connor et al., 201§Jou &

Sungwoo, 2013)BREEAM practices were exploreeéxcludingthe practices that were already

acknowledged to impact contractors in the previous sectiime commissioningelated

practices were explorad general detail as they only represent a moderate impact to contractors

ard are mainly managed by an external company. The list provilpsa¢ticescategoriesand

LEED v4 only include84 of these practicesategories.
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Table 4.5 Full List of Environmental Building Construction Practices Categories (1/4 Pages)

CONTEXT

CANADA

UK

NAME

CATEGORY

SUBCATEGORY ]

SUBCATEGORY 2

LEED
2009

LEED V4

GREEN
GLOBES

BREEAM

Site Disturbance

Erosion and Sedimel

ESC plan

w

w

€

Soil erosion control

Control

Waterwaysedimentationcontrol

Airbonedust generatiorcontrol

Site Protection

dte disturbancedimit

eg|eie|e

dte vegetationprotection and restoration

gl|e|ele|e

g|e|ele|e

Treepreservation plan

€

Saging and construction plan

Resources

Materials

Materials euse

Materialswith recycled ontent

Regionalmaterials

Rapidlyrenewablematerials

Certified wood

gle|ele|e

Materials with EPD

egle|ele|e e

Sourcing of Raw Materials

Materialsingredients

Wade Management

Gonstructionwastemanagementlan

Waste monitoring

Waste final calculation

Minimum values for % ofvastediversion

€l|E|E|E

el|e|e |

Minumum# of material streams diverted

Sourcereductionstrategies

g|e|e|elelelelelelele|ele|E
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Table 4.5 Full List of Environmental Building Construction Practices Categories(2/4 Pages)

CONTEXT

CANADA

UK

NAME

CATEGORY

SUBCATEGORY 1

SUBCATEGORY 2

LEED
2009

LEED V4

GREEN
GLOBES

BREEAM

Indoor Air Quality

Adhesivesand sealants

w

€

w

Paints andcoating

w

Low Emitting

Hooring systems

w

Materials

Wood products

gl|e|e

Insulation

Furniture

IAQplan

HVAC protection

Pathway interruption

DuringConstrucion

Housekeeping

Scheduling

Moisture protection

g|e|e|ele|e

gl|e|e|e|e|elelelelele

Policy for norsmoking

Air-handlers filtration media

Before Occupancy

Flushout

IAQ testing report

Commissioning

CXA authority

Systems commissioning

Commissionindinal report

EE|E|E|E|E

EE|E|E|E|E

eeg|e|le|e|elelelelelele|e

Equipment Related
Practices

Equipment energy efficiency

Selection and replacement of equipment

Reduction in idling of equipment

Truck management plan

Wheel wash /Tirecleaning

Clean deselpractices

Inspection and maintenance of equipment
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Table 4.5 Full List of Environmental Building Construction Practices Categories(3/4 Pages)

CONTEXT CANADA UK
NAME LEED GREEN
CATEGORY SUBCATEGORY 1 SUBCATEGORY 2 2009 HEED GLOBES BREEAM
. Energy Use Reduction
te E —
On-Site Energy Us Energy Monitoring w
Onssite water Water Use Reduction
Consumption Water Monitoring )
Transportation Data Monitor Transport Data Materials W
P Monitor Transport Data Waste w
Assessment under local legislation
. . . NoiseManagamentPlan
| N - ——
Construction Site Imyas olse Noise- Mitigation measures w
On-site monitoring masures W
Assessment under local legislation
Vibration Equment se!ectlon
Onssite reduction measures W
Onssite monitoring measures
Light Pollution
Other . e
Sustainable Temporary Facilities W
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Table 4.5 Full List of Environmental Building Construction Practices Categories(4/4 Pages)

CONTEXT CANADA UK
NAME LEED GREEN
CATEGORY SUBCATEGORY 1 SUBCATEGORY 2 2009 LEED V4 GLOBES BREEAM
Green Bl.Jlldmg Green Building Professional W W ® w
Professional
Green Building
Professional Specifi| Green Building Professional Specific to Constructig W
to Construction
Environmental Management Tools w w
Environmental Policy () W
Management Related Regulatory Compliance and Training w w
Practices Environmental Risk Assessment (%) W
. Environmental Risk Management Strategies ® W
Environmental Environmental Management Roles, Responsabiliti
Management Tools . ' w w
and Reporting Structutre
Site and Work Instructions foite personnel (&) W
Environmental Inspection Checklists &) w
Records of Compliance (&) W
Train Workers for Emergency Response W
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The construction phas® a buildingtypicaly represents-3% of the life cycle impact of the
building. The complete impacts are shownHigure4.2. The transport of materials accounts for
80% of the impact of transpotiut trucks evacuating soil were half the recorded trucks used on
site. The following high impact is caused by the materials wastedegmegiresenting more than
a third of the impact. The remaining impact of the construction phase is caused by the electricity
usedon - site and the use of the hydrauigcavatorsmainly used for groundwork. The impact
of the electricity used erite camemainly from site offices, with 35% of the impact. The impact
of trucks waiting on site also represented a significant impact in the cdiirpbase. It was
concluded that theajor impacttamefrom the transport of materials on site, construction waste
electricity use and groundworfDelem et at., 2013)In addition, ©nstruction equipment,
materials transportation, and -eite traveling are major contributors to GHG emissions
(O'Connor et al., 2016)

100% =
80%

——
! E BWater use
p N OReinforced concrete for crane
70% %
N
50% BDiesel, bumned for heating
Ve
40% =
304 BEnergy use, pumping concrete on-site
20% o
10% Construction Wood
o BUse of hydraulic d
. se of hydraulic digger
& & & S B S B » o 99
(N QO N YV o < S NS
& & = & L\"" & & BElectricity use from diesel generator
W e & @ - N
° R T @9 p 3\\\‘: e’ 9 p
F & o~ ¥ & S ¥y ¥y BElectricity use from grid
F < & &
o) o
S o OConstruction waste
‘>C'

Figure 4.2 Environmental Impacts in the Construction Phase. Source from (Delem et al., 2013)

Noise is also an important issue frdoailding constructioras itcan affect the community
andthe workers Humanscan be adversely affected by both single events of loud aogde
long duration of noiseS here are two types of negative effecteated by noisehysical impact
such ashearing loss, and psychological effestech asannoyance and disturbance of activities
(Stein, 200).

The mostfrequentlyimplementedgyreen sitepractices by Canadiatontractors are shown in
Figure4.3. The top three most prevalent practieesre reuseof buildings materials, recycling

and site protectigrwhich arealready established by LEED. @ite energyconservation was the
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nextmost prewalent which canincrease profit margins, improve resource efficierand reduce
environmental impactéGottsche et al., 201@Jowever, it does not include energy monitoring
which is one of the credits established by BREEAM.

Reuse of building materials 77.5% _
Recycling or green/sustainable disposal of matenial 66%

Site protection, including tree protection 63% _
Onresite energy conservation 54.6%

Erosion and sediment protection et 00 |

Capture and green disposal of hazardous material 35.9%

Indoor air quality measurement and management 31.7% _
Equipment emission reduction 16.4%
No additional practices 7.3% -

Figure 4. 3 Prevalence ofGreen On-Site Practices inCanadian Contractors. Source from(CSC, 2011)
LEED does not cover important impacts such as noise or electricity use during the
construction phase. Relevangapticescategorieshatcontractors can focus froiirable 3.5are:

1 Monitoring Energy Consumptiomelated to equipment and site

1 Monitoring Water Consumptiomelated to equipment and site

1 Monitoring of Transportation Dataot only frommaterials but also from the evacuatiorof
soils and wastewhich means monitoring the truck from the construction gate to waste
disposal.

1 Equipment Related Practiceduction of idle tims, clean diesel practices, selection and
maintenance of equipment, tickeaning ad a truck management plan.

1 Environmental Management Systenmincludes environmental policy,environmental
inspection checklists, records of compliance, management strategies, reporting structure, and
more. Commonly environmental management systems aged basiSO 1400

4.4. Conclusion
As project teams seek to lessen the environmental impatkeio construction activities,

theyincreasingly recognize the importance of construction sustainability techni@petsactors

are looking for guidance and resowscir conducting sustainable construction activities to

improve their sustainability performan¢€ll, 2014a)(Cll, 2014b) The first main contribution

of this chaptemwas the evaluatiohEED 2009 practices and the impact of each credithe

contractor,concluding that the practicescategoriesthat most impact the contractor aas

follows:
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Site disturbance
Material Tracking

Waste Management

= =/ =2 =

Indoor Air Quality
As mentioned in Section 2.6.1, there is no clear consensus among contractors about what
"green” meansin the construction phase. This lead to the second contribution of this chapter,
which was a table with credits fronEED 2009, LEED v4, REAP and Green Glolagplicable
to contractors in order to understand this confusion in contractors. Itbsas/ed that thelgave
different nameand classification of credits.

In order to solve this, a general table with all the green construction practices categories was
created. The final contribution of this chapter and objective 1 of this thesis istpeseiable
3.5, identified practices categorigem LEED 2009, LEED v4REAP, BREEAM and research.
It wasconcluded that contractors can support environmental sustainability by monitoring energy
and water consumption on site, in adufitito just redu@dn techniquesAdditional practices can
be monitoling of transportation data, equipment related practices and management techniques

such as akEMS (Environmental Management System)
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Chapter 5 Objective 2,Project Management Perspective

5.1. Introduction

This chapter reews the project management perspectieen the case studies evaluated.
This section makes reference to teemnd objective established ie@ion1.3in this document.

The informationanswers two questionfHow is LEEDintegrated ito the construction project
managementyand "What are the main issues related to LEED Credits?"

For thefirst question, the information is firpresented inerms ofthe 3P'8 People,Process
and Planning according to the interview answers atite documentation gathered. The
information about LEED integration are finally synthesized and classified in the project
management areas established by the Project Management Institute.

For the second question, an impact matrix is first created to fwectedit issues a
classification in terms of severity and occurrence. The information is synthesized and classified
in the project management areas established by the Project Management Institute.

An explanation of the 3P's and the proje@nagement aeswasprovided in ®ction2.6.1
and 2.6.2f this document.

5.2. 3P's: Planning, Process, People

Table 5.1explains the usual requirements for contractors to comply with LEED. This
information was gathered fromm combination of the documentation provided Bas€ Study #1
and literature review. This ligs intended to provide angeneral understandingf the LEED
requirements for contractors in terms of planning and process activities, as wilé as

documentation required. This information was useful for agiel section 5.3.1.
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Table 51 LEED Construction Management Requirements for Contractors(1/2 Pages)

Activities

Practice Output Required by Contractors Source
A A < wa2yiKfe AyaLiSoi
SSp1: Pollution Prevention Plal © LYLX SYSyd 9{/ O2yUNBE| Y A Y dastampedrphoto$ Project #1
wa 2 grand repair measures as required
per measure
) i wLYy O2NLE2 NI i8S NBYSRAI (A
SSca: Brownfield schedule if the site has not already remediated whl N/A LR
Redevelopment :
development begins
wLYLX SYSyid aAdS RAAGAIN|w{ AGS LI I yak RN 4
identifying construction entrances, inspecting highlighting limit of construction
SScb5.1: Site Development: boundaries and fences, and ensuring protected ar{ activities LR
Protect and Restore habitat are not encroached upon wt K2i2& 2F RA&G
w5 2 (edhfeasures by photos characterizing the limitation of
w! LIRFGS OAGAEt RNJI gAY 34| construction activities
SSc6.1/6.2 Stormwater Design w L Y.L‘]f S Yrawater désigréstrategies identified N/A LR
in design
SSc7.1:Heat Island Effect: Non w9 ESOdzi§ aAGS LI Ly | 0O
- N/A LR
Roof drawings
SSc7.2: Heat Island Effect: Ro @t NE OdzNBS .N‘E 2.-{ YI.' us N‘.y\ b N/A LR
vegetated roof acarding to installation drawings
SSc8: Light Pollution Reductiof ©/ 2 Y YA adA2y T AIKUAYI aiy, LR
commissioning plan
WEpL/WECc3: Water Use wt NR OdzNB  FAEGd2NEaowHi@ID2 [wCAY T F LILINEGSR

Reduction
WECc2: Innovative Wastewater
Technologies

rates
wt NEGARS OdziakSSia FyR
flush/flow rate approval prior to ordering fixtures

shop drawing once ordered if
changes have been made from
original design specification

Project #1 /LR

EAp1/EAc3Fundamental &

w! i8Sy R 02 YYA & asketyravied

whLISNFGA2ya FyR
(O&M) manuals, record(s) of

Enhanced Commissioning roles & respo, constructionand testing/training operator training and abuilt Project #1
schedules -
drawings.
Implement measures to preserve and reuse existir|
MRc1.1/MRc1.2: Building Reus building components identified in construction N/A LR
drawings and specs
w[ A&l 2F NBOSAOA
anticipated waste types prior to
w {dzdYAlG /2y aidNdzOG A2y {construction commencement.
w a2y Ail2 N mihiniie ®odaddynaisturel 0 2 4GS al yI 385Y9
) ) contamination. w azylikKfe 21adas$s
MRc2: Construction Waste | ("5 YAG2NI Y2y (iKf & RAJS|wastehauler. Project #1
Management - ) P N x4 oa
the minimum required. w az2yuKfteée glLaus

wLT RAGSNEAZ2Y NI OGS FI ¢
corrective action.

waste hauler.
w i O2yaidNHOGA 2
complete and sign the LEED Letter
Template

MRc3: Material Reuse
MRc4: Recycled Content
MRc5: Regional Materials
MRc6: Rapidly Renewable
Materials

MRc7: Certified Wood

w t NEOdNBE YIFGSNAFEa O

w /2YLX SGSR DNBS
Information Submittal Forms for all
applicable materials and pdoicts.
(See Appendix).

w [ dziakSSiasz LINEZ
other manufacturer documentation
wal GSNALFE O2aday
equipment
w i O2yaidNHOGA 2
complete and sign LEED Letter

Template,

Project #1 /LR
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Table 5.1 LEED ConstructionManagement Requirements for Contractors (2/2 Pages)

Practice Activities Output Required by Contractors Source
w L!'v alyl3asSySsy
w a2y idKfte L!v A

. ) . w L!v LXIY minimum of 2 datestamped
EQ Credit 3.1. Construction w az2yAld2N tfsitg IfisSudbK S NIB| photographs of each measure. .
IAQ Management Plan, Durir] L . P < 4 = Project #1 /LR
. Contractor activitiegre not compliant, take w !0 Oz2yaiuNdHzOuA
Construction . . .
corrective actions. out and sign LEED Letter
Template, and submit to LEED
Project Manger.
w/ 2YyaldNHzOGA2Yy |
whlimMm® Y wSO02NR]
occupancy, outdoor air delivery
. . rates, internal temp and
EQ Credit 3.2: Construction . U
IAQ Management Plan, Befo Comply with IAQ Management Plan to reduce | huumidity Project #1 /LR

indoor sources of contaminant esite. whlLHY [/ 2Lk 27T |

Occupancy verify that all required
contaminants are accounted for
and reported in the correct unit o
measure
w wS @A S mpptoye ke usihdBecompliant | L DNBESyY . dzA f RAY
. . Information Submittal Form
adhesives and sealants -gite. © B8 for all products
EQ.C_redlt 4.-14..4: ‘Low W a_2 Yy A -Céntict§rsiimd ensure nen 0 G O02yadNHOA Project #1
emitting Materials: compliant products are not used. If non

complete and sign LEED Letter
Template, and submit to LEED
Project Manager.

w tK23023IN LKA 2

compliant products are discovered @ite, take
corrective actions.

. . Install MERV 13 filters in air intakes and re entryway systems
EQc5: Indoor Chemical & . . . ; - . .
circulation after consuction completion, prior to| (mats/grills/grates). Project #1
Pollutant Source Control S OC
occupancy. w t N2RdzOU Odzi aK
filters.

w t NE@GARS OdziaK
information, if requested, to the
Envelope Specialist.

w /2YLX & GAGK |
Specialistequest for testing, site
review and quality management.

w /22NRAYIFGS aStSOGAz
envelope assemblgsuch as structural elements
RPc1: Durable Building cladding, glazing and roofing with the Envelope
SpecialistReview and comment on Durability
Plan.

Project #1

In terms of people, the organizational diagramsly including LEEDrelatedpeoplg are
shown in Figure 5.1through5.4. In the four cases, the ma@sponsibilityfor LEED rested with
the Project Manager. However, the LEED coordination dasetween case studies. Two of the
caseshad a specific LEED coordinator on site, while the other two integrated the LEED
responsibilities within the traditional project team membéhe project maager in one case and
the project coordinator in the othefhis responsibilityof reviewing LEED documentatiowas
assigned to the LEED consultanith the exception of Company #&hich had a Sustainability
Manager in housevho coordinaté all the LEED projects and hebd with the evaluation of
LEED documentation. For the inspections on site, the main responsibsiiyd withthe site
superintendet with the exception of Company #&hich had their own environmentah site
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supervisor(in addition tothe site superiendet) to ensure that the inspections were done

correctly.

Project Director

Project Manager
e e . LEED Consultant

Site/LEED Project Site
Coordinator Coordinator uperintendant,

Figure 5.1 PeopleCase Study 1

m—» LEED Consultant

Operations
Manager

Sustainability
Manager

Project Manager

v .

Project
: d‘mato, Site/LEED Site
Coordinator uperintendan

Figure 5.2 PeopleCase Study 2

LEED Consultant

Project Manager/
LEED

Project
e d]i e Environmnental Site
Responsible Superintendant

Figure 5.3 Case Study 3
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v v

Project Site
Coordinator/ Superintendant
LEED i

Figure 54 People Case Study 4

5.3. LEED Project Management

5.3.1. LEED Integration in the Project Management Knowledge Areas
After conducting the interviewsor the four case studies general finding is that the

participants dd notew LEED as having fAan i mpact on proj

something that has been integrated into their construction project management. Aspects of

LEED have been incorporated inach one of the project management areas established by th

Project Management Institute as follows:

1. Integration: this knowledge area refers to tlweordination and unification of several
processes. LEED plays an important role as it is highly retatdte design phase. The case
study participants reported thatt LEED requires more design reviews during the
construction phase and more attention to change orders. Contractors mentioned that LEED is
an integrated process that confiesn the design phaseo in some casdgslepending on the
type of contradtthe contractocan provide suggestions for materials or waste management
strategies that can l@egrated ito the design.

2. Scope managementthis knowledge area refers to thegesses required to ensure that the
projectincludes all the work requiret complete theroject successfullyThree out of the
four case commented that this areaasethat ismost impacted by LEED. They mentioned
that even if it not difficult to manage, it adds more effort and work to the projéxt.main
work load arises fronthe papework. As mentioned, contractors ateadyadopting LEED
practices in all the construction silebowever, LEEDadds an specific indicatéo each one
of the practices to verify performance such as, percentage of waste diverted, total value of

regional matrials, total value of resed materials, etcIn addition, althoughthe LEED
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documentation is submitted to GBfor reviewafter the construction is complete, the review
process can take around 6 to 8 months and usually, a person has to modify orcexyalain
documentationeven when the construction has finalized.

. Time: this knowledge area refers to tpeocessesequired to manage the timely completion

of the project Company #2 remarked that LEED involves integration with the construction
scheduleThe meetings and the inspections should be integrated with the master schedule, as
well as document submission deadlinEsey considerethat LEED does not add additional
durationtime; however, it is includeth the scheduling of the activities becatise sequence
might beaffected bycertain credits such as waste management.

. Cost: this knowledge area refers to thecesseselated tocosts so that the project can be
completed within the approved budg€&hree out of the four casesentioned this areaas
impacted by LEED.It can change the total project cost, especially becausseldt
administrative workand, therefore, thpaperworkrequirementsaand the LEED coordinator
should be considered in the budgdt alsoadds materialcostsincesustainablenaterials are

often more costly. Irdesignbuild project, the cost of the LEED consultant shoalso be
considered.

. Quality: this knowledge area refers to tipeocesseand activitiesfor achieving the quality
requirements of the projectCase study #Zonsidered LEEDo affects this areaince
additional inspectionare requiredor some creditsCredits such as indoor air quality might
require that photos from the site are taken dailging certain phasetspections should be
documented in a morgecific way sothat more quality is asked from the trades and from

the site supéntendant.

. Human resources:this knowledge area refers to tpeocesss related to project teams. None

of the compaies considered thiso have majormpactfrom LEED. Howeve, many of the
issues related to green practices discussed in the section 5.3.2 correspond to human resources
management. LEED requires additional tragnifor subcontractors and tradésr the
documentation related to materials and for green procedUedsdréo waste management,
indoor air quality and site disturbance. LEED, depending on the project and company, might
requirean additional person specialized in LEED coordination. Additional responsibilities

are added to the team membaerspeciallyto the site superintenent, subcontractorsand
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project manager. Some levefl knowledge or experience is also expected from some team
members for better LEED coordination.

. Communications this knowledge area refers to the processéeted to project informatn.

This aea wasemphasizedoy Company #4,which stated thaeverything is basedn the
communication and coordination with the LEED consultant. Company #1 and #3 mentioned
that LEED was a part in the client monthly report as wellwadl as inregular neetings.
Company #2 emphasized the importance of regular meetings for achieving the best
environmental outcomend thereforéhey have weekly and monthly meetirtgseview and
inspect the procedureAt the beginning of the project, there is alsprekickoff meeting to
explain the green requirements to the subcontractors and &ad@sother internal meeting
including the project manager, the stgerintendnt and the LEED coordinatoAt the end

of the project, theres also thepostmortem meetirg to discusslessons learnédgreen
practices issues are discussed and documented in this meeting.

. Risk: this knowledge area refers to the proses related to managing and controlling the
risks of the projectCompany #1 considered LEE® add risk to theproject because
contractsusually stipulatea penalty ifthe targetLEED certificationis not achievedThis
penalty isapproximatelyl% of the total project cost. There are also risks relatguidject
delays. For example, if the documentation from slcontractors is delayed, then the
project may be delayed since there must be proof that the materials comply with the
specificationsAlso, the project might be delayed for not having the initial measures related
to erosion and sediment control. Somelidnal emergency response strategies should be
considered for the achievement of this credit as well.

. Procurement: this knowledge area refers to theopessesiecessary to purchase or acquire
products, services, or results needed from outside the pregaotThere are several material
credits and all othemimpact the contracts and agreements. Specified requirements should
be written in the contracts or an additional appendix should be inclidetbtail the
specificationsMost of the contracts aregscriptive which meanghatspecific requirements

are already established in the contradbwever, project teamstill should ensurehe
availability of materials. Some contraatan beperformancebased project teamamust
achieve the certification buhey havethe freedom to choose the materialdiis last case

occurs in desigibuild projects.
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10. Stakeholder. this knowledge area refers to theopesses required to identify the people,
groups, or organizations that could impact or be impacted by thecprbijisis anareawith
less impact ag is addressed extensively duritige design while establishing the location
and features of the projedh constuction,however,LEED only createsninimal additional
involvement from theclient. There are someatits such as Green Powehat theclient can
require at the end of the project.

LEED integrationis summarized ifmable 5.2 The numbers inside the bracketpresenthe
number of the case stutlyatconsideredhe areato be oftop impact.
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Table 5.2 LEED Integration in Project Management

Integration Scope Time Cost Quality
Knowledge Area [1,3,4] 2] [1.2,3] 2]
waSSGAy3a
integration with
wh @SNI £ f { master schedule
Administration wLyallSOouiaAi .
e w EED Plans Integration with we2ulk t CNY o1 RRAGA 2 y
wa 2 Nilgency w/ 2au 9adif. . .
LEED Integration | with Change Orders @[ 995 /It {masterschedule Presentation Inspections on site
g 9 w[ 995 w52 0dzy 8y wvdz £ AQe

wa2NB 583

w! RYAYy A&

. Implementation submission . w[ 995 NBO
Reviews . . costs: Paperwork +
Documentation deadlines LEED Coordinator progress
wwSallyaS|wC2ftft2¢ dz
after months certification
w{ O uifghf
activities
Communication Risk Procurement Stakeholder
Knowledge Area Human Resources
[4] [1] [3,4]
w! RRAGAZ Y ?of’nsli;/nlt.:efue
for Subcontractors | w/ f A Sy i NI wwl;\ A1 02y
w! RRAGA2Y|lw[ 995 [/ 2V w{ LSO0a Ay \
. A A “ for delays fordoc. waz2NBE Of A
LEED Integration | member w2 SSifte « wwial O2y and Agreements engagement to the
w! RRA G A 2y | meetings o st Wl GFAEEoA] S
responsabilities uPrekick of measur)és materials prol
wDNB Sy 1 Yy imeeting

experience

w9 YSNHSY O
response strategies
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5.3.2. LEED Practices in theProject Management Knowledge Areas

The previous section determined LEED integration in the project management areas
established by the Project Management Institlites section seeks to put the practietated
issues in the same frawwork. In order to do this, the intervisvasked participant® provide
common issues concerning green construction practices implemeniatarding: material
tracking, waste management, site disturbance and indoor air qualyseverity and impacf
each issuevere alsaaskedabout,and the results were classified and presentd@bie 5.3 The
impact and severitgonsideredare shown inFigure 55 Impactand Severity Matrixwere HS
stands for high severity, HO for higbccurrence, LS for low occurrence and LO fow
occurrence. The table also presents several abbreviations to better display the infokation
stands for waste management, SD for site disturbance, IAQ for indoor air quality and M for
materials. The numbaeatisplayed in brackets represemihe number othe correspondingase

studythatspecifically emphasized that issue.

HS
HO

LS
HO

Figure 55 Impact and Severity Matrix
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Table 53 Practices Issues in Project Mnagement Knowledge Areas

Knowledge Area Integration Scope Time Cost Quality
D: LEED Consultan
SD:Site specific W: Poor - experience glbout
. construction constructability
details not ; )
considered early in scheduling ISSues
YN s HO [LS,HD
the processHIS,LO . ) .
) ) IAQ: Occupancy W: Collaboratiorof
W: Wrong estimates . .
. ) . required before Site Workers
Practices Issues| M: Design Change | of waste
flushrout N/A [LS,HO][2]
[HS,HQ2] [HS,LO][1] .
) ; : [LS,HD W: Knowledge of
W:Poordiversion . .
strateqies W:SiteLayout since Measures
[HS ﬁ%][l] the beginning of [HS,LO
' project IAQ: Trades
[HS,LO] [3] knowledge of
measures
[LSLD
Knowledge Area| Human Resources| Communication Risk Procurement Stakeholder
M:Wrongspec. For
M: Delays for materials in contract
SD: Poor record incomplete doc.
keeping procedures documentation [HS,LO
. [HS,LO [HS,LO W:Wrong
Practices Issues W:Poorrecad N/A SD: Delays for not | documentation N/A
keeping procedures measures in place | from subs

[HO,LQ[2]

[HS,LO

[HO,LO][2,1]
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In general, the isges that are classified as high severity lamdoccurrence often represented
issues thahad occurredrequentlyin the pastwhen LEEDwas a new practice qorojects. For
material tracking, the most relevant isst@ne from design chaag. Gise study 2nentioned
more diligence has to be done and some change del@swhenrequired by the ownghave
to be rejectedA major issue is that large percentage of glkrojects are now required to be
LEED due to Vancouver's regulatigreo design changes doaot only adds a risk of achieving
the certification but also a conighce risk with the regulations, causing delays in the project
until ensuring the certification will be achieveAnother important and recurrent issue is
incorrect documentation comingrom subcontractors. One case study reportedt the
documentation is wrong0% of the time, whilenotheronereportedhaving this problen80% of
the time This presents a major probldmecausegif they do not present the documentation with
the materiakcompliance according to the project requirements on timewythee k candt pr o
Three of the companiesaid they had a preonstructionkick-off meeting with subcontractors
and one of the topics wasaterialsdocumentation. However, subcontractors sive problems
provide thecorrectdocumentation More training should be done and specific gregperience
should be requiredNone ofthe contractorsequirel this kind of experience from subcontractors
and oftenthey are selected according to projestperienceHowever, they also mentioned that
sometimes the LEED coordinator will not have enough experieragsing them tamake
mistakes while reviewig the documentatioand tosendincomplete informatiorto the LEED
consultant. This creates a minooplem sincethe LEED consultant will identify the issioeit it
adds time to the process. In order to solve this, LEED certifications can be required from the
person responsibl®r managing LEED in the projecthis requirement is naturrentlyapplied
by any of the four companies, even though thegntionedthat it would begood if they hd
certification A high sevaity issue that occurretth the pasivhen LEEDwas newwasincorrect
or incomplete specifications in the contracts. One company solved tikemby usingLEED
consultants and am-housesustainability manager. other company solved it by hiring a
specification writeto add the detailetbquirements ito the contractin addition to thecontract
review made by the LEED consultant

In terms of waste managemenhcorrectestimates of wast@ndpoor diversion strategiese
issues that come from the design phase but are essential for achieving the percentage of waste

targeted. IMCompany #, althoughthey mentionedhatit is not oftenanissue, ithasoccurredon
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their project as they did not take into account the large volomeaste arisingirom the
demolition. They werat risk of losing the points related to waste management credits and their
lesson learned was that case of demolitin, this waste credit is a difficult credit to achierel
better estimates ardiversionstrategiesre requiredCompany #3mphasized the importance of
site layout from the beginning of the project with respect to waste managesientworkers
need to B engaged with waste management, avithout the proper layout, no coordination can
be donePoor onstruction sceduling is antherissuethat is ofterrelated to waste management
waste bins are frequently removed before they are full due to constliticEumstancestor
this situation techniques such as more detdiplanning or lean constructigortacticescan be
helpful to solve this problem. A minor issue whs collaborationof site workers asftenthey
do notexhibit requiredsustainable Beaviorsuch as putting wasta thecorrect bins. Idwever,
this isusuallysolved with regular supervision and cooperation from thessiperintendnt. The
first case study mentiongdatmore companies are looking increaseheir percentage of waste
diversion even without LEEG however, they wouldisuallynot calculate the volume diverted
Onereasorfor thisis poor record keeping procedures from waste subcontratisuslly, waste
subcontractorsonly send required information inmonthly or weekly rports One of the
companiesolved this problem by selecting a subcontractor that gives daily reports onliveg so
the LEED coordinator can cheelt any timeto verify if the project ison track with the waste
percentage established for the project.

In terms ofsite disturbancgeit was reported thathe LEED consultanoften will not have
experience in constructability issyes thatboth the LEED consultant and the civil engineer will
not be familiar with some local site requiremeni® address thisthe project managenave
become morénvolved inreviewingthe erosion and sediment control plan. One comsany
tha the in-housesustainability managewxas also involved in this process to make shetall
therequiredmeasuresvere included in theplan. An importanpracticeis to establish all of the
required site disturbance measures early in the planning to avoid project Belegsd keeping
procedures are essential for achieving the certification, howeversuparintendets are not
always familiar with the detailed LEED requirements for complete inspectioAgain, a
suggestionto address this is to require green experience from the team members during the

qualification process
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Indoor air qualitycontributed tofewer issues.One issue thaarose frequently was that
owners required occupancy beforeompletion of systenflush-out However,this could be
resolved with additionatoordination and communication with the client to explaindbeect
proceduresTradesoften have limited detead knowledge of theneasuresestablishedn the
indoor air quality planbut any problems can be solved throughpervision from the site
superintenent or LEED responsibleonsultant Onecompanymentioned that all thendoor air
quality practices required by LEED® such as HVAC protection, sourcecontrol and
housekeeping aregood practices that should be done with or without LEED certification.

5.4. Validation

The informationdisplayed in tables 5.2 and 5a8as validated wh one of thecase studies
The final results were explained and discussed with the project coordinator from Company #1,
first case stdy conducted for this projectn order to make surhat the information gathered in
the other three companies wamsistent.

To providea degree oferification of the results, additional literature research was conducted
to seek independent results by others that supported the results obtained from the casénstudies.
the previous section, it wasiggestedhat subcontractor training and worker cobledition are
essential for achieving green construction practices. This alss foundin other research
conducted to investigaleEED practicesvheresubcontractors' education and life cycle costing
were suggested as beneficial to project participgBigd et al., 2007) Kang et al. (2014) also
emphasizedhe importance ofubcontractor managememducation and training to achieve
sustainabilityLooking in moredetail at education and worker collaboratian surveyconducted
of Canadian contractorfound that approximately50% of the workersdid not have the
appropriate technical skills and knowledge base amgimilar portion (approximately 50%)
indicatedthat therewverenot sufficient training, education and certification opportunities in place
to suppet green building.These esults are shown iRigure 5.6.Survey respondents reported
that the workforcemembersare not adequately trained or educated in green site management
techniques and that more training is needed. They exprisséeliefthat theworkforce has the
skills and tools in place bahat moreinformationandsupport is needed to implement green site
practiceCSC, 2011)The same survey asked construction companies to describe specific skills
or knowledge gaps with respect to greenlding; some indicateda lack of information

available on coursegqoor quality of courses, lack of leadership/direction/initiative, lack of
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knowledge/experiengend lack of understanding of technical aspecihese two last aspects
relateto the findingfrom this research projeategardingthe lack of knowledgehat LEED

consultantdhave aboutonstructability issues.

Owerall, the construction workforce has the —

appropriate technical skills and kowledge "
base (n=256) 43.9%

Mew entrants to the construction workforce _

have the approprnate technical skills and .
knowledge base (n=256) 35.9%

There are sufficient training, education and _

certification opportunities in place to support 408
green building (n=252) :

0% 25% 50% 75% 100%

. Great/some extent To no extentfnot at all

Figure 5.6 Knowledge, Education and Skills of Workforce. Source from(CSC, 2011)

5.5. Conclusion

This chapter reviewed the project management perspective from the case studies evaluated.
The general conclusion is that LEED hgyhly integrated ito project management practices
and even thougtit is not considered as an "iragt'd the companiestill identified that LEED
mainly affectsthe PM areas obBcope and cost manageme@ther issues related to green
practicesare related to materials coordination, waste management, indoor air quality and site
disturbance.

Themost seiousissue was related thuman resources managemeAtlack of collaboration
and knowledge of subcontractors ahdworkforcearereported to béhe main cause of issugs
material coordination, indoor air quality measures, site disturbance inspeatiohsvaste
management procedure&eneal training on green bildings for subcontractors antield

supervisorss consideredsthe most effective strategies to mitigiteseproblems
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Chapter 6 Objective 3,0rganizational Perspective

6.1. Introduction

This chaptercorresponds to the organization perspective and relates to the third objective
established irbection1.3 of this documentThis chapter mainly answers the questidroiv are
organizations supportinthe implementation ofreen liilding constructionpractices® It gives
an overview of best practices amd how companies can enhance theiplementatiortowards
environmental maagementThis chapteralso involves the review of the websites of the top 40
contractors in Canada listeéd On-Site MagazindJune 201Yin order to support the information
found in the case studies.
6.2. Case Studies: CompanigsContribution

As mentioned in &ction 2.5, one of the main reassifior which contractors are increasing
their level of green activitysito improve their branding/public relatigriberefore they will try
to incorporategreen constructiostrategies in theidifferentiate theirbusinesss from others
These strategies are supporting the current green building stanDamitsg the interiews,
different clue wordsndicating active support of various greexlated issuesvere detected and
arepresented ifrigure 6.1 An openrended question was made to the person about the impact of
green building standard and practices in the organizaliba. people interviewed mentioned
different topics in this questipso before classifying the information in Table 6.1, it was useful
to create a general map with the topics mentioned to have an understanding of what
organizational support meant to them.

Table 6.1shows this information in greater détancluding information from the websites of
the top 40 contractors listed in €ite Magazine in June 201fat were reviewed in order to
obtain additional information to support and validate the cashy stiiservationsOut of the 40
companiesonly 29 were taken into consideration. Some of them were discarded as they did not

providebuildingsconstruction servicesr did not have enough informatian their websites.
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Figure 6.1 Clue Words from Case Studies in the Organization Perspective
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Table 6.1 Organization Tools for Green Building Practices Implementation

Label Based on ISO
+ Environmental
Stds (BREEAM +
LEED) from Parent
Organization
*CANADALEED
Protocols

wLy dS3aINI G
and Safety Blicy

W_EED Protocols

+ Safety Policy
w[ 995 t NR

Area Company 1 Company 2 Company 3 Top 29/40
Commitment Yes Yes Yes 20/29
*Specific *Specific
Sustainabity Sustainability
Model Model
Guidancefor wn- house wh LISNI (A 2| EMSbased on ISO | *Only 1 with In
OnsSite Practices| Environmental Manual /Guidelines| wL y 4 S 3 NJ {]| house

environmental
label for worksites
*EMS

*Integration with
Health and Safety
Policy

*LEED Protocols

for reducing carbon
footprint

*LCA for promotion
of new
construction
methods and low
carbon materials
*Calculate carbon
footprint

building initiatives
*In house
consultants
(commissioning)
*Providein house
administrative
requirements for
certifications

guidelines
*Company
evaluation
/reporting

Measuement | w9 Y @A NB Y Y| wnspectionreport | w9y GANRY Y N/A
Framework Inspection Report | (Performance Inspection Report
(Additional to (Performance Indicators related (Performance
LEED) Indicators) to LEED) Indicators)
Sustainability Y N N 3/29
Reporting
Initatives *Promote solution | *Site-specific green | *Office space N/A

A recent study suggested that order toapply sustainabilityat a corporate level, aspects
such as sustainability goals and commitinesustainability measurement framewsyrk
sustainability repoimg, sustainability teas) knowledge management and trainingnd
community engagement should be exéd (Kang et al., 201450me of these aspects were

mentioned by the companies.
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Starting with goals and commitment, the thremmpanies showeda high level of
commitment to sustainabilitfthe company that had the most stringent tool for managirgjten
practices waCompany #1, folloed by Company #3 andhen Company #2. Company #1,
which @an be defined asxhibiting thebest practice as mentioned in section 2.6.3.1, commented
they had an ithouse environmental label for worksitd$iey adopted a general site initiative in
order to improvethe environmental performance of sites, mobilize tea around clear
environmental objectives and enhance environmental initiatives internally and externally. This
initiative hasthreeprimary tools:

1 Site environmental standarduide this standard provides recommendasiorelated to
maintaining aclean enironment andt presentdest practices to be implemented on 8itt
take thesurrounding environment into consideration. This standard was created based on
LEED, BREEAM and ISO 140 including practices from each ahereating a unified
standard.

1 Evaludion grid'scorecardthis scorecard providean evaluationof implemented practices
(similar to aLEED scorecarpin order to check the implementation of actions recommended
in the standard guide.

1 Site environmental label:analogous to a project receiving label of "LEED
Certified/Silver/Gold/Platinum"aresult is awarded according to the scorecgudyanteeing
to their clients that they respect the environment while executing the constrlictayder to
obtain the label, compliance with af the indispensable criterimustbe met and a score
equalor higher tathe average of the entire criterraust be achieved
Some of the practicesstablished in the standard are mandatehyle others may vary

according to the location and specifications of gheject. The audit to obtain the labal i

conducted using the scorecafthis audit is performed by the o mp a Quglidy,sSafety and

Environmental Department, which iisdependendf the site teamln addition, followup audits

are made throughout theriruction phase to ensure that the critexibeing met. At the end,

the site isawardeda flag inthe presence of the client, company managemetproduction

team and partners, symbolizing the commitment and motivation of the teams. This

environmeral label considersll areas:he project's environmental risks, waste, hazardous

products, noise nuisances, air, aquatic environment, biodiversity, energy consumption,

cleanliness and storage, communication and emergency sitidtimse areas are detdile 60
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different actions or criteria, including management and technical aspects and can be graded
according tahree levels of performance.

The inspection report or audit includes an evaluation of the best practices implemented and
the points to improveandif there are any insufficient actions, then corrective actions and the
person responsible for theare documented. The tool has mainly been used faternational
projects whereasn Canadathe company usuallipllows only LEED protocolsalone

A similar initiative was seen in the review of the top contractors in Can&ue of the
companies created a designation to indicate thaisite has taken specific measurable steps to
improve health and working conditions for the workansl toreduce he environmental impact
of the operationsactions rangingrom using green cleaning products and recycled paper goods
to taking public transportation and automatically turning out lights at the end of the day. The
designation covers 12 prerequisites and &redits in five categories: wedleing and
environmental quality, recycling and waste, energy and atmosraténnovation and design.

In order to get the designationjabsitemustachieve at least 12 prerequisites and five additional
credits.

An additional supporting tool for sustainabilityithin Company #1is their own specific
model of sustainabilitfas doesCompany #3, establishing cleaand detailed objectives in a
specific framewdk to reflect theirsustainabilitymission. Company #ses thee main resources
to evaluate theisustainate development policy:

1 Performance summarykey indicators are evaluatedith respect toeach sustainability
commitment

1 Annual nonfinancial reporting:covers all structures with approximately50 indicators
relating toall sustainable development challenges

1 Annual selfassessmenperformedb