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Preface

The purpose of this book is to introduce sustainability and sustainable practices to
members of the engineering and construction (E&C) industry and to provide insight
into how to design and construct sustainable structures. Information is presented on
why sustainable practices are being used, how they are being implemented, and what
the potential benefits of their use are for members of E&C firms.

This book is unique because it not only addresses the sustainable aspects of
buildings but also covers sustainable practices during engineering design and
construction operations for all types of E&C projects. Many books focus on the
sustainability certification rating systems used for evaluating buildings after they
are complete, and these rating systems are mentioned in this book, but the main
focus of this book is on providing information on how to address sustainability
in all of the E&C industry sectors during engineering design and construction
operations.

The first part of the book, Chapters 1 through 3, provides background information
on sustainability, sustainable development practices, corporate social responsibility,
supply chain management, early adopters of government sustainability objectives,
barriers and drivers for implementing sustainable development practices, sustain-
ability in the construction sector, domestic and foreign environmental regulations,
sustainability global reporting initiatives, the social and community impact of proj-
ects, the environmental impact of production operations for construction materials,
and global environmental management standards.

The first part of the book also includes information on the global treaties influ-
encing the incorporation of sustainable practices into engineering design and con-
struction operations such as the Kyoto Protocol Treaty, Basel Convention, Rio
Declaration, and Stockholm Convention. It also presents information on clean devel-
opment mechanisms, joint implementation practices, carbon sinks, and emissions
credits. The environmental laws affecting E&C professionals working in the United
States are covered to illustrate their impact on engineering designs and construction
operations.

The middle part of the book, Chapters 4 through 10, presents information on
sustainable designs; selecting sustainable sites; designing for passive survivability;
designing for disassembly; and information on the ISO 14000 standard. It also dis-
cusses life-cycle cost assessment models and how to quantify all of the sustainable
impacts on construction including the overall costs of materials taking into consid-
eration cradle-to-grave economic and environmental costs. The middle section of
the book also provides a summary of the results obtained from a research investiga-
tion into how sustainable practices are already being integrated into E&C firms and
projects. Information is provided on how sustainability techniques are being used in
the E&C industry, and on corporate- and project-level sustainability practices. The
last part of the middle section of the book discusses global sustainability trends and

- implications and provides samples of some of the environmental degradation mitiga-
tion strategies being used throughout the world.
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The third part of the book, Chapters 11 through 15, covers specific sustainabil-
ity concepts and processes by including detailed information on sustainable con-
struction materials and processes, heavy construction equipment, and traditional
and alternative energy sources. It also provides background information on the
Leadership in Energy and Environmental Design (LEED) Green Building Rating
System and many other sustainability organizations and certification programs such
as the International Green Construction Code, the Building Resource Energy and
Environmental Assessment Model (BREEAM), Green Globes, Comprehensive
Assessment  System for Building Environmental Efficiency (CASBEE)
comprehensive assessment, Chartered Institute of Building’s Sustainability and
the Construction Industry in the United Kingdom Building for Environmental
and Economic Sustainability (BEES) Stars, Green Advantage, Green Star, Green
Guide to Specifications, British Standards Institute BES 6001, Responsible Sources
Model, the Sustainable Sites Initiative, Design Quality Indicators, Civil Engineering
Environmental Quality Assessment and Award Scheme, l.os Alamos National
Laboratory Sustainable Design Guide, the World Green Building Council, Green
Guides to Specifications, United Nations Environment Programme, the Sustainable
Building Alliance, GreenRoads, Green Building National Standard that incorpo-
rates NSI/ASHRAE/IES/USGBC Standard 189.1-2104, and others.

The last part of the book, Chapter 16, includes implementation resources devel-
oped during a research investigation funded by the Construction Industry Institute
and conducted by Research Team 250, called Sustainable Industrial Engineering
and Construction. The Research Team 250 members were from E&C firms
and government agencies, and their names and affiliations are included in our
“Acknowledgments” section. The implementation resources included in this book
are a Sustainability Quick Start Guide, two Sustainability Maturity Models, a
Sustainability Index Metric, and a Checklist for Evaluating the Sustainability of
Construction Jobsite Operations. These implementation resources are used by mem-
bers of E&C firms to help them implement sustainability programs and to evaluate
the sustainability of engineering designs and construction operations. To illustrate
how the checklist for evaluating the sustainability of construction jobsite operations
is implemented on projects, Appendices D through F include three sample sustain-
ability project execution plans developed using the checklist for actual construction
projects located in Arizona, North Carolina, and Pennsylvania.

This book provides information on (1) definitions for sustainability terms, (2)
sources for locating global sustainability requirements, (3) current sustainability
issues and sustainable designs, (4) environmental laws related to sustainability and
their implications, (5) sustainable design, (6) life-cycle cost assessment models, (7)
sustainable practices currently being used in the E&C industry, (8) corporate-level
sustainability practices, (9) project-level sustainability practices, (10) global sustain-
ability trends and implications, (11) sustainable materials, (12) sustainable heavy
construction equipment, (13) traditional and alternative energy sources, (14) the
LEED Green Building Rating System, (15) sustainability organizations and certifi-
cation programs, (16) sustainability implementation resources, and (17) a summary
of sustainable engineering design and construction.



Preface xxi

The end of each chapter contains a list of key terms, discussion questions, and
references. Appendix A includes a list of commonly used acronyms and organiza-
tions related to sustainable practices along with their definitions. Other instructional
materials and resources are available for educators, including PowerPoint lectures
for each chapter, solutions to the discussion questions at the end of each chapter, and
sample examination questions. These materials and resources are available at https:/
www.crepress.com/product/isbn/9781498733915

The underlying theme of this book is to enhance the use of sustainability prac-
tices by providing information on how to incorporate sustainability practices into
engineering designs and construction operations in all of the E&C industry sectors.
Sustainability practices not only are evaluated after a structure is completed but they
also need to be integrated into the designs, materials, processes, and operations used
to build structures.



Acknowledgments

Environmental consciousness increased during the last half of the twentieth century,
and a resurgence of environmental concern occurred during the beginning of the
twenty-first century. One of the major drivers for implementing sustainable practices
at the beginning of the twenty-first century was the youth who came of age during
this period. They are concerned about the state of the environment, and the environ-
mental consequences they have inherited affecting their world.

It was university engineering and construction students who asked the authors to
develop a course on sustainability in engineering design and construction so they
could be more informed about their role in improving the environment for future
generations. The discussions about sustainability that the authors had with students
led to a research investigation on sustainability in the industrial construction sector
that contributed to the body of knowledge already available for the building sec-
tor. Many aspects of the research were incorporated into lecture materials that the
authors used in engineering and construction courses and the final result is this book,
which captures for engineering and construction students and industry professionals
information that helps them provide sustainable services to clients and improve the
environmental aspects of society.

The authors thank the members of the Construction Industry Institute for funding
the sustainability research project and acknowledge the contributions of the mem-
bers of Research Team 250, made up of 14 representatives from construction firms,
owner organizations, and government agencies. The Research Team 250 members
and the firms they were working for during the research project were as follows:

¢ Larry Arndt: M. A. Mortenson

* Melanie Berkemeyer: U.S. Department of State
* Richard Budzowski: SNC Lavalin, Inc.

* Tom Garrett: Emerson Process Management

* Rusty Haggard: Construction Industry Institute
» Scott Haywood: Abbott Laboratories

* Nancy Kralik: Fluor Corporation

* Catherine McKalip-Thomson: Bechtel Group, Inc.
* David Prada: CSA Group

» Kathleen Reid: Intel Corporation

* Laurie Robbins: Jacobs Engineering

* David Stayshich: Fluor Corporation

* Russ Svendsen: Dresser-Rand Company

* Paul Wilcox: Jacobs Engineering

The authors especially thank all of the engineering and construction industry
executives who provided the information used in Chapters 7 through 9. They docu-
-mented many of the sustainable practices that their firms have incorporated in recent
years and shared data used to construct useful scenarios for the incorporation of

xxiii



XXV Acknowledgments

sustainable practices in the engineering and construction industry. Their contribu- -
tions to this book are greatly appreciated by the authors.

The authors credit Dr. Eric Asa, an associate professor at North Dakota State
University, in Fargo, North Dakota, for his written contributions on heavy construc-
tion equipment included in Chapter 12 and Dr. Robert Steffen, an associate professor
at Western Carolina University, Cullowhee, North Carolina, for Section 11.7.1 in
Chapter 11 on fiber-reinforced polymer composites. Section 11.6 in Chapter 11 on
chromated copper arsenate wood products includes information on chromated copper
arsenate that was researched and written by Ken Nowak, a former graduate student
at San Jose State University, San Jose, California. Melanie Berkemeyer from the U.S.
Department of State supplied part of the Leadership in Energy and Environmental
Design (LEED) Green Building Rating System information in Chapter 14 and infor-
mation for Sections 16.1 and 16.2 in Chapter 16. In Chapter 16, Richard Budzowski
of SNC Lavalin, Inc., provided Section 16.3 on the Sustainability Index Metric.

The authors also acknowledge the contributions of Hakob Avetisyn and Jianfeng
Qin, who are former graduate student assistants in the Civil and Environmental
Engineering Department at Ohio University, Athens, Ohio. Hakob located many of
the articles referenced throughout the book, and Jianfeng developed tables, charts,
and graphs for the research report. Figures 7.1 through 7.3 were developed using the
Building Information Modeling (BIM) software by Timothy Bungert, a former stu-
dent in the Architecture and Landscape Architecture Department at North Dakota
State University.

Some of the material in Chapter 10 on global and country-specific environmental
issues was provided by Hyoung Kyun Kim, Meenakshi Grandhi, and June Soek
Park, who are former graduate students at San Jose State University in San Jose,
California.

The case study in Appendix D was written by Lieutenant Colonel Donald
McFadden, United States Army Corps of Engineers officer, Washington, DC. He
also contributed the examples included in Chapters 3, 4, 6, 7, and 8. Parker McGee,
MCM, LEED AP, who is the national construction manager for Timber Block,
Connelly Springs, North Carolina, wrote the case study in Appendix E. Samuel
Seltzer, senior construction project manager for Leonard S. Fiore, Inc. General
Contractor, in Altoona, Pennsylvania, wrote the case study in Appendix F. The
authors thank them for their informative contributions to the book.

The authors thank Joseph Clements, the acquisition editor of this book, for rec-
ognizing the value in publishing it and for his continued support and guidance. The
authors also thank Andrea Dale, senior editorial assistant, for helping with the pro-
duction of this book; Haley Ruggieri, project coordinator, for shepherding the book
through production; and Ramya Gangadharan, project manager, who contributed her
time and effort into the editing of this book.



Authors

J. K. Yates, PhD, emeritus professor and
currently a civil and construction engineering
consultant, is a former dean of the College
of Engineering Technology at Ferris State
University, Big Rapids, Michigan, which is one
of the largest colleges of engineering technology
in the United States. She was also formerly
the department head and the Joe W. Kimmel
Distinguished Professor of Construction
Management in the Department of Construction
Management in the Kimmel School of
Construction Management and Technology at
Western Carolina University, Cullowhee, North
Carolina. Dr. Yates was previously a professor
and department chair in the Department of
Construction Management and Engineering at
North Dakota State University; in charge of the
Construction Engineering and Management
focus area in the Civil and Environmental Engineering Department at Ohio University;
and program coordinator for the Construction Engineering program in the Civil and
Environmental Engineering Department at San Jose State University in California. Dr.
Yates was also a professor at New York University Polytechnic School of Engineering
(formerly Polytechnic University and Brooklyn Polytechnic) and at Iowa State University,
along with being a visiting professor at the University of Colorado for one year.

Dr. Yates earned a Bachelor of Science degree in civil engineering at the
University of Washington and a PhD in civil engineering at Texas A&M University,
College Station, Texas, with minors in global finance and management, global politi-
cal science, business analysis, construction science, and archeology/anthropology.

Dr. Yates has worked for several of the top ranked domestic and global engineer-
ing and construction firms, as a consultant during legal cases, and on international
contracts, Dr. Yates is the author of eight books and numerous refereed journal arti-
cles and is a former member of the American Society of Civil Engineers, Project
Management Institute, and American Association of Cost Engineers International.
Dr. Yates received the Distinguished Professor award from the Construction Industry
Institute (CII) in 2010 and from Polytechnic University in 1994, the Associated
General Contractor’s Outstanding Construction Professor in America in 1997, one
of the Engineering News Records’ “Those Who Made Marks on the Construction
Industry” in 1991, and in 2001 one of the principal investigators on a project that
received the Ron Brown award for industry/academic collaborations with the Hewlett
- Packard Foundation. Dr. Yates has traveled for work and pleasure to 25 countries and
worked in Bontang, East Kalimantan on the island of Borneo in Indonesia.

XXV



XXVi Authors

Daniel Castro-Lacouture, PhD, PE,
is a professor and chair of the School
of Building Construction, College
of Architecture, Georgia Institute of
Technology, Atlanta, Georgia. His
overall area of interest consists of
defining and deploying evaluation
protocols for technology innovations
in the built environment, focusing on
areas affecting the built environment
from both operational and sustain-
ability perspectives. An Excellence
in Civil Engineering Education
(ExCEEd) Fellow, Georgia Tech
Class of 1969 Teaching Fellow,
and Colfuturo Scholar, Dr. Castro-
Lacouture is a registered profes-
sional engineer and associate editor
of Automation in Construction; he
was chair of the American Society
of Civil Engineers (ASCE) 2014 Construction Research Congress; and he has worked
in construction engineering and management positions in both the public and private
sectors.

Dr. Castro-Lacouture has been a member of governing boards and organi-
zations at the local, national, and international levels, such as the Architecture/
Construction/Engineering (ACE) Mentor Program of Atlanta, the American
Society of Civil Engineers’ Construction Institute North Georgia Chapter, the
Green Advantage Certification Board, the International Council for Building (CIB)
Working Commission W117 on Performance Measurement in Construction, and the
International Association for Automation and Robotics in Construction (IAARC).
He has taught 26 undergraduate and graduate courses and was corecipient of the
best paper award at two international conferences. He earned his bachelor of science
degree in civil engineering at the Universidad de Los Andes, Colombia; masters of
science degree in construction management at the University of Reading, United
Kingdom; and PhD in construction engineering and management at the School of
Civil Engineering, Purdue University, West Lafayette, Indiana.




Contents

IPERBE I cmvovissms avimmnsiswos i boesosson i s PO BT S S TN SO RN AR SRR s Xix
ACKTIOWICABINCIIS i nivensmsaninsn sisissinisesssvss soidsssmsies 5EvTe 3543 33 0h700 SRS oA FESF BB XXiii
AAUEROTS. ..o eeeeeeseeesmmsses s seessssssssamssss s seseecossesssmasss e eeseessesssmmsmsensseeesescesessensens XXV
Chapter']  IErOIICEION ussysesnismwassssmnssdsvisvesssssinssnsssnssussisnssss s Faemssssmsssnia e vTsmssevss 1
1.1 Importance of Understanding Sustainability in
Engineering Design and Construction Operations.................... 1
1.2 Sustainable DevelOPMENT ...cccocviveereiieeiiriiiieeeeeeriseesses e ennenes 2
1.3: Corporate Social Responsibility.....cevwrawssisssssvssisssivesisapsas 2
1.4 Triple BOMOM LiNE ..oovviviviiiiicrenrnieesenseserensisersssesssssenesesresaesess 3
1.5  Sustainability in Engineering and Construction Operations.....3
1.6 Implementing Sustainable Practices during Engineering
and CONSIUCHON PrOJECIS. .uuvmrmsmemsmssmissmsvissmmesmismsesssosas 5
L DElNRIONS o rreaammsrasssssammemaimmimeasssmsnmsssssasssassmass s s 6
1.7.1  Sustainability and Industrial Sustainability ................. 6
1.7.2  Sustainable Development ..........cccoooiiereneeciciicireeneene 6
1.7.3  Corporate Sustainability and Corporate Social
ReSPONSIPIILY wvoricosiaisssnmmrssmisnsaiessinessssasessmisitssssscanasas 7
1.7.4  Sustainable Construction and Green Building............. 8
1.7.5  Supply Chain Management and Integrated Chain
MIBMABEIIETIL .o csonsussossassssnenssiaiessiomes fves 3o 6 49373 e st 9
1.7.6  Environmental Collaborations ..........ccceceevveeirennennenns 9
1.7.7  Sustainability Stakeholders ........c.cccceveeeeviicinicnine 10
1.7.8  Industrial ECOIOZY ....coovviivimriiiiiiiiirieieeiececceeen 10
1.7.9  PollGtION PIEVEDIION ..uaccmvsussmssassssiessisspsmssnssansasamsssivssss 10
1.7.10 Environmental Management ............coceveeneeeeiiciennens 11
1.7.11 Energy Auditing .......cocoeeeeenanioiiiireieeeeeeeceeereenees 11
1.7.12  Embodied Energy.....cccceeveecieriiciiiiiieeeeeeeececevee e 11
1.7.13 Eutrophication and Acidification .........cccccceeevveerieennene 11
1.7.14 Other Terms Related to Sustainable Development..... 12
1.8  Sustainability Research in Engineering Design and
Construction OPErations. .........c.cceceeeaeeerrenieissiesreseeeseseeerenens 13
19 Organization of This BOOK ... smsssssmsmmasesssssessnssnssasmssaioss 17
110 SUNMMATY s srssnnassimsnssiss ssvesssnsmissssasmainissivs s drmeassnsii s aipes 18
LIT  Key TermS. ..ottt s eae s s 19
1.12  Discussion QUESLIONS. .....ccuiiiieieeieeeeaereeie e evisesaneenaeeaeenaaas 19
TR OTOTUCOR 505505955 50 500 k55 005 A0 4B N SNBSS Al 20

vii



viii Contents
Chapter 2  Sources of Information on Sustainability Requirements.................... 23
2.1 Sustainability ReqUIrements.......ocovveeevesiiiiniin e, 23
2.2 Early Adopters of Government Sustainability Objectives ......24

2.3 Drivers for Implementing Sustainable Development
PLACKICES. 1. on 1o vsoncsivimionesssmmasanases sivaniamsss samsssss sass sasasiionsrimesssnsanss 25

2.4  Barriers to Implementing Sustainable Practices and
LAab1lity ISSHEE; i simsisnnvvonsunsvsy swvivsssvenhnssissssn s ssotasss s e s5apusnes 26

2.4.1 Liabilities Related to Designing and

Constructing a LEED-Certified Building .................. 27
2.5 Sustainability in the Building Sector .........occovvnimrernvernnnncnenns 28
2.6 Sustainability in the Construction SeCtor.........vcveiveiieninannnnn, 29
2.7  Pollution and Waste Management .........cccovevvvveieivnimssssiesnninnns 31
2.8  Global Environmental Trealies. ... ..ccooeveeeerreneneniierenensenaenns 31
2.9  Foreign Government Environmental Regulations................... 32
2.10 Domestic Environmental Regulations...........cccccveernucrccicieans 33
211 SUMIATY :couivcsississesmmsnsnsssssmmasssmssssnsassavivaasssssms csarssssissvasessmss 33
Ll "KEYNICTTS! 552 007 2 e worcmo s ST 0 2 TR o T ST 33
2.13  DiScussion QUESHONS. .......cccuriieiirrieeraeseraeesrieeevesessassaseseanes 34
ROTCTOIICES oivvssssasssivs i savssweasesss s rvs A oS ER ISR g RSSO0 ST ESATES 34
Chapter 3  Sustainability Issues in the Engineering and Construction Industry... 37

3.1

3.2

3.3

34

3.5

Obstacles to the Implementation of Sustainable

Development PTaCtiCes .....cvoiieiviruenceieesie e 37
Sustainability Global Reporting Initiatives............cccccovveevennes 39
3.2.1 Global Reporting Profiles. .. csusssosssmsassonsismsnsssssass 42
3.2.2  Corporate Structure GOVErnance ...........cceceeeeeuereene 42
3.2.3  Contents of Global Sustainability Reports................. 42
3.2.4  Core Sustainability Indicators......c.occcoveevivnericninnucnce. 43
3.2.5 Social Performance Indicators...........cccovucvueenaiancnens 44
Social and Community Impacts of Construction Projects.......44
3.3.1 Calculating the Loss of Productivity Due to

Adjacent Construction Projects.........ccocovvermncnnnnce 46
3.3.2 Calculating the Impact on Project Values.................. 46
3.3.3 Calculating User Delay COSIS....oooeieieiiiiciiiniecnee 46
3.3.4 Calculating Average Traffic Delay Costs .................. 47
Global Impacts Caused by Construction Projects................. 47
3.4.1 Noise and Particulate Pollution Impacts ............c....... 49
342  Ecosystem Encroachment ......cccoeoecoieiiieiuninincnnenene 49
343 Use of Unauthorized Landfills ..........cocoviivinnnennnnaes 49
3.44 Environmental Impacts of Construction Operations . 50
3.4.5 Construction Waste Generation.............ccovereeuenesenens 50
3.4.6 Producing Lower Levels of Waste..........cooccooveenene. 52

Responsible Supply Chains and Procurement Practices ......... 55
3.5.1 Supply Chain Management ...........c.cenisnerecessesssens 55



Contents

Chapter 4

Chapter 5

ix

3.6 Resource Efficiency: Reducing Energy Consumption

DUrifg COnSITUEHOT . ussimssomsmismuisssssainssimrmss ey 56
37 Renewable ENCIEY o suississnsmistsmsssssoassensssssasansmsroassonsanses 58
3.8  Mining, Metals, and Minerals Industry ...............ccccocoecveeeeenne. 59
3.9  Oil and Gas INUSITY ..ccoooiiiiiiiiiiiieeee e 60
310  SUDMIATY sucusssoassasosssassssmisnasimnaussssaimsmssamamang swss e omsnasaisnssasere Ob
3:11 - REY TEIMIS. cinsussnsussssimsmnssssoimmssmssmisssisnassssssissnssssasssnes 62
3,12 Discussion QUESHONS . ....cooveeviiirierieteeimeeaieeeee e eeeeeeeeens 63
RE[ETENCES ...ttt ene s 64
Sustainable Engineering Design ......c..ccocivioimverieerioiceiriieeieieeeeseenns 67
A1  IDIIOACHON iicimmvinnssvirimiaesscsinmgimisss s sinssisrmsisiysstions 67
42  Design Elements That Enhance Sustainability ............ccoeveene 67
4.2.1  Sustainable Design EIements .........oc.ecvevviieiiriirennnnens 68
422  Passive Survivability .....c..cccovevrveiiininneinenieevsessnsennas 70
4.3  Selectifig SUStAINADIE SIES vovsisissiisassssnsasiassserssrsssiasnssseasssnss 71
4.4  Sustainable LandSCapes......ccccvvieeiveereirieeesiesieseeeee e eissessenes 72
4.5  Storm Water Managemenl......c..oc.ocueeeeiiecerirereeeereneeseereeeneasens 73
4.6  Evaluating Sustainable Process Alternatives ...............c.ccveecee 74
4.7 Designing for the Use of Sustainable Materials..............c....... 74
4.8 Principles and Strategies of Designing for Disassembly......... 75
4.9  Environmental Impact of Production Operations for
Construction Materials ........ceveveeieiieeieerisiiesessees e eeeinens 76
4.10 International Organization for Standardization 14000
Environmental Management Standards ..............cc.ooveevevvrernne 77
411 SUMMATY .ottt es s s nens 80
412 KeY TEIMIS. .ccioueieieieiieiiirircseessesssessssesseseessensessesasessessensssnenen 80
4.13  Discussion QUESHOMS ....ccvrieeeeeareeissireeiseesissesssessssssessseessonesns 81
RETETCNCHS tssisvoovminasnssinmsms s v msis s s saes s s saa s s e asenss 81
Environmental Laws and Their Implications............cccccccveviireeennene 83
5.1  United Nations Framework Convention on Climate
CRBIGE 1oconousiessmsssmussvmsss susnsiessusssmnssmmosssssasss ssus ss SHoHNoRRARETINSS 84
52 KOO PROtOCO] ciuiisausriimsssississisissisisssaniosnisasiossisnsassssnsasssss 86
5.3  Clean Development Mechanism, Joint Implementation
Practices, Carbon Sinks, and Emission Credits .............cceevnine 87
53.1 EMiSSiONS TrAGIDE ... csiwessiossssnvsssovsssansissssssnnsvasusassinss 88
532 'CatbonSIRES viousmnimississmimsmseasnsmmnnss 88
5.4  Basel CONVENON ....eeeerecriniiiiieieesesssssecrscsaesesessessesseessessanne 88
5.5  Ri0 DeClaration.....cocccoveiiiiiiiricrirrirseessseesesissesssessesensesssesseenne 89
5.6 Stockholm CONVENTION ......cviveiireiriernerserireiiesmiassesessssssassessns 89
5.7  Global Environmental COomplance .........covveuvevvveereereeeseessneenes 90

5.8 Global Environmental Management Standards ...................... 90



Chapter 6

Contents

5.9  United States Environmental Protection Agency Laws .......... 90
5.9.1 Council on Environmental Quality .....ccccocoevieriiinnns 92
5.9.2 Environmental Protection AZENCY ......cocevveivieiinnnuenns 92
5.9.3 Environmental Impact Statements ......cccccoveieivnvinvecnas 93
5.10 Federal Laws of Concern to Engineers and Constructors....... 93
5.10.1 Air Pollution Control Act of 1955 ....ccoecviiiiiiiiiinine 93
5.10.2 Clean Air Acts of 1963, 1970, and 1990..................... 94
5.10.3 Motor Vehicle Air Pollution Control Act of 1965......94
5.10.4 Air Quality Act of 1967......ccoovviinviminininisiiniiniens 94
5.10.5 National Environmental Policy Act of 1969 .............. 95
5.10.6 National Environmental Policy Act of 1970 .............. 96
5.10.7 Noise Pollution Act of 1972 ......ccocvvminnnniinniiiiiiinn 96

5.10.8 Federal Water Pollution Act of 1948, 1972, and 1977...96
5.10.9 Federal Insecticide, Fungicjde, and Rodenticide
ACHE Of 1972 8nd 1996 ...cicisesssssseseasenserssasrosssmmssesaons 98
5.10.10 Toxic Substance Control Act of 1976.........cccocvvvinnne 98
5.10.11 Solid Waste Disposal Act of 1965, Resource
Conservation and Recovery Act of 1976, and

Hazardous and Solid Waste Act of 1984.................... 99
5.10.12 Comprehensive Environmental Response,

Compensation, and Liability Act of 1980 .................. 99
5.10.13 Occupational Safety and Health Communication

SIABAETA Of T9BE ..usosemsssvinisnserssssvaensanensassemesarsssassaan 101
5.10.14 Energy Independence and Security Act of 2007...... 102

5.10.15 America’s Proposed Climate Security Act of 2007 .. 103
5.10.16 Climate Change Legislation Design: U.S.

Government White Paper of 2007 ......coceiiviniiinnnns 104
5.11 Foreign Government Environmental Laws ........cccccvviiniininne 105
5:12 ' 'SUMMATY - oicosessmsssammsimsissssrmssmmsmersmnssslis sHiiiuasismvssiv et maiebiiis 106
SIS  PRET LB IR s it van crevmusesesenuumonssouiess TR R SRR T T TR 106
5.14  Discussion QUESHIONS.....iivveviureereiiearssiesinesssesssessmeesesiinane 108
References osiississomssssssimsasisrisssssmissisnisisss sovaessasssvasssasmassasssssiosess 109
Life-Cycle Cost Assessment Models...........cooviniccnnnniniciecianns 113
6.1 Economic Considerationy . ..c s smessssssessesssssesssasassssssassss 113
6.2  Computer Software for Sustainability Assessment............... 115
6.3  Life-Cycle Assessment PrOCESSES ....oveevevreermirereeneenierienieeenns 118
6.3.1 Emergy Accounting and Emdollars............cccovicnn 121
6.3.2 Social Cost/Benefit Analysis.........cccessesssmssesssssoses 121

6.4  Emissions during the Transportation of Construction
MALETIALS ...t ssese s e sae s 122
6. STUIINATY i sovnsosaps svaminnssvneasann sspsa s s e sl SLuTETs ST b TS 126
(O o, g 1) § 11 S U 127
6.7  Discussion QUESHOMS. .........osesessemmiissimemrasisisisssesassssas vaess 127

RETIBIEIICES ..ottt e e e e e asseanenaeaaaeaeeasaeaeas 128



Contents xi
Chapter 7 Sustainable Practices in the Engineering and Construction

INAUBELY s susssvis cummmnsnossmussusvmsosssssrasss Sasammavrsemsiovassindesstashisnss Khirass 129
7.1  Procedures Implemented Related to Sustainable

DEVEIOPMENL ..eviiviieiiiiesiseressns s en e cneas 129
7.2 Examples of Sustainability Considerations Included in

Life-Cycle ANALYSiS.....cccviemraissamsinserseesnssursassassssesassssssaesans 130
7.3  When Sustainability Social Issues Are Evaluated and

How They Are Evaluated .......c.ccooeeiieniinniiiniiinnse e 130
7.4  Government Regulations Related to Sustainability Being

Implemented on Construction Projects ........coceveeeeierveevienen. 131
7.5 Economic Benefits of Implementing Sustainable

PracliCes. ..ccumiiiiiiiiieiiiccciniee sttt e 131
7.6  Techniques for Measuring the Benefits of Using

Sustainable PTactiCes ......iusrussmsssussississnssarseeassssnsorssassassarons 131
7.7  Methods for Measuring Sustainability Metrics............c.cocu.e. 132
7.8  Social, Reputation, or Economic Benefits of Using

SUSTAINADIE PLACHCES ocuursrarnsensinsssssssiassesunisisssasmspmonsnsvvasssvesiss 132
7.9  Social Conditions Addressed during Construction Projects . 132
7.10 Structured Approaches Used to Include Sustainability

Considerations during DeESIZN ......cceevvveviierinecieeereerieeenieeieeennes 133
7.11 Designs, Construction Components, or Practices That

Include Sustainable COMPONENLS.....c..eevrviviciaeeiesiineeinesieeeaens 134
7.12  Engineering Design Practices That Incorporate

Sustainable PractiCes ...........cverrummnimniriirineressnsssensesessesinnees 135
7.13 Sustainable Materials Considered during the Design

STAPE cuuscsncssrmnsesimissnvssmmsssrvssspsssssssesusnssissessmsvamsssidanmssinasinss 137
7.14  Technologies for Reducing Energy Consumption on

PO BEOES oo mmememuse mes cmmme v i n b o lSER s S RS ENE 137
7.15 Techniques for Reducing Pollution during Construction....... 138
7.16 Processes for Recycling Waste at the End of Construction... 139
7.17 Processes for Reselling or Reusing Material By-Products.... 140
7.18 Levels of Recycling or Reusing Materials Compared to

Projects before Sustainability...........cccoovvviiiininnersnninssicsennnn, 140
7.19 Techniques for Improving Resource Efficiency ...........oovevuee. 140
7.20 Criteria for Prequalifying Vendors and Suppliers................. 141
7.21 Renewable Energy Sources for Construction Projects.......... 141
7.22 Techniques for Reducing Waste during Construction........... 142
7.23 Mobilization and Demobilization Processes That Include

Sustainable PraCtiCes . inisimiemsuismitaiiosmsmasssrsmsssnsarassross 142
7.24 Top Five Sustainability Considerations.............ccccceeeevveenene 143
7.25 An Example of Six Sustainable Development Procedures.... 144
726 SUMMATY c.ooiviiviinienieieeereeieie e esieerassaesss e s e ssasneesessasaessesas 146
T2 KO TOTTNS ss50s5msmsvvanwsssaasons sossoesass eoasusnaessss shssascansans ninysnvs 146
7.28 Discussion QUESHONS....ccvieviieiireeeeeeeaaeeaeecaeeerreeeeanaeseneees 147

RETBTEIICE . ..cceeieeieeeiieteeeereeeeeeeeceeeeesssneeessesesssssssesseesssnssessntessasssensens 148



