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Abstract

The goal of this project was to further de
Roads concept document. The guide went thrawglrevisions based on a literature review,
comparisorto other sustainabkeansportation rating systemseetings wit transportation
experts and scoring of roadway projects. This resulted in a more comprehensivegdaiset
of recommendations fdurtherdevelopment. A online forum and databank wealksocreated to
promote discussion and future advancement of the guide.
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Executive Summary

Sustainability has beconagpopulari s s u e isaciety witd @egpelsecomingmore
awareof the needor green practices he negative impacts from current living conditions have
led the push towards sastable practicegorldwide The building construction industry has
been at the forefromf the shift towardsustainable practicéeroughthe success of the
Leadership in Energy and Environmental DegigBED) ratingsystens. The transportation
industry is a large contributor bmful environmentaimpactsand needs to followheir
exampleby incorporatingsustainable practices.

There areorganizationsn the process of addrasg this problemby creating sustainable
transportation guide®©Oneexampleis Greenroadswhich originated as a thesis at the University
of Washington and ischeduled for release early 2009%or useon a national level.
GreenLITESLeadership In Transportation and Environmental Sustainabsitgmotheigreen
rating systenthatwas developdfrom the ideasnd conceptef Greenroadslt is currently in
useby the New York State Department of Transporta{fldMSDOT) as a seltertification

process fotheir road.

StantedConsulting Ltd.is a globalkdesign firm that is persistently strivitig balance
economic, environmental and social responsibilities, and is considered to be a world leader and
innovator in sustainable solutio(Stante¢ 2008) Stantealeveloped an internal concept
document, Green Guide for Roadsich promote sustainable practices in the transportation
industry St ant docfustiser dgvelaplthe gusda hopes thait will be adoptedby the
Canadian Green Building Council (CaBG&)d used as a bench mark in sustainable

transportation.

The goal of thigroject was to further dedop the Green Guide for Roads for use by
Stantec as a marketing tdolgain a competitive edge with potential clier@santec will also
present the work accompgtied during this project to therangortation Association of Caila

(TAC) to assist their task force in tkempletion of theguide for publication and use.

To accomplish this goal the team hadktihancehe current rating systerhirst a

literature reviewwas completedn transpadiation and green practicandthe gude was
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comparedo the twoothertransportation rating systembne literature review provided
information on the concepts of sustainability andrmtapics presented in the guidéheteam
compared the point totals of each categorheoriginal conceptGreen Guidend found that it
washeavily weighted in just two categorjesith 60% of the points allocated kobility for All
andMaterials & ResourcesVhen comparing all three of the guides unaleommonset of
categories it was fouhthat each guide placeshemphasi®n adifferentcategory The
comparisoralso provided ideas for additional creditsd the common set of categories was
adoptedo makethe guidea more weltroundedandcomprehensiveocument.

A credit assessmemntas performed otheentire guidewith points being added taew
credits and the guideasshifted to a 100 point scal€he changeto a 100 point systemequired
the credits to beeweighedwith emphasis placed on credits with greaestainablempads.
The point breattown was reevaluated and indicatkdt thepointsweremoreevenlydispersed
throughout the categorieEhe biggest point spread between categoniasnow 14 points
compared to the original 20 poinfhe preliminary draft of the GraeGuide was created from

these changes.

This new guidevas presented at meetings with transportation experts for discussion and
review. Themeetingsroughtinsight on current practices transportationfeasibility of credits,
and knowledge needed &acuratelyscorethe projects.The teanscoredsix road projectsvith
the preliminary guideach receivingn actual score and potential sgdr@dtheybeen aware of
the guide None of the six projectsould becertified based on their actual scargowever, the
potential scoresf four projectsvould earnCertificationandthe othetwo would receiveSilver
certification. Thisconfirmedthat the Green Guide is above current standédscertification is

still possible withthe incorporation osustainable practices

The outcome of the scoraad meetings was used to maldelitionalchanges tohte
preliminaryGreen Guideandcreate a revisedersion These changes included the addition and
subtraction of credits, adjustment and clarificatiomemfuirements, and reweighting of credits to
maintain the 100 point systefihesechanges and source materigégheredvere therposted on

awebsite.
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The website was provided by GreenAlberta for use by Stantec in the development of the
Green Guiddor Road. Its purpose was to be utilized as a databank of resources as well as a
forum for discussion. The website contains the current version of the guide and ig@ngn
process that will continually grow with more information, keeping the guide up tovithte

leading technologies and practices.

The team accomplished the goal set by Stantec to fudtweiopthe Green Guide for
Roads by producing a revised version of the guide and the creation of the website. The project
team also developed a list of reamendations for the continuing progression of the guide
consisting ofareas for future research, the possible incorporation of new credits, applicability of
context sensitive solutions and defining credit relevancy and scoring of various roadway project

types.
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Capstone Design Experience

The capstone design consistedwther developg the Green Guide for RoadSne of
the credits fromtte guide Recycled Contentvas used tareatefour designs oHot Mix Asphalt
(HMA) base courseThe credit requireng called for a minimum of 15% Recycled Asphalt
PavemeniRAP); the fourdesigns cosistedof 15%, 20%30%,and 40%RAP. The mix desiga
can be seen iAppendix H

In accordance with thaccreditation Board of Egineering and’echnology (ABET)
General Criterion for capstone design, this Major Qualifying Project has incorpenpated
realistic constraintsvhich are:

Economic

The Green Guide for Roadsldresses reduction in both capital coststhadosts
associated with the operation and maintenance of a roadivagapital cost reductiomas
observed whedesigning &HMA bag course with recycled asphalh&teandid acost analysis
for the fourHMA base course designs amdrh the analysis it wafound thathe larger the
amount ofrecycled asphalised the greater the cost savings wareexample of operational
and naintenance cost reduction can be sedhermredit forWaterEfficient Landscapingwhere

the use of indigenous plant species Efuce the required maintenance of the landscaping.

Constructability

The green guide allows for change and manipulation of current industry standards and
practices, to produce more sustainable roads and raise the bar of road design and construction.
Thefour designs oHMA base course are an example of thisbyngRAP, whichis just as
accessible as virgin materials fose inHMA. This allowsthe four desigrsto be duplicated on a

large scaldasis.

Sustainability
One of the most i mportant practices in tod
needed for sustainable transportatibhese practices covered in the guide pertain to the

planning, design, construction and operation phases of a roadway or network of roadways.
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Environmental

The environmental aspects are covaresle v er al o ¢ategotesThegmain d e 6 s
environmendl concerns addressed by the green guide are energy use, emission outputs, natural
resources, and impacts of a roBgamples of this can be seen in thieur HMA base course
designswhich reducghe amaint of virgin materials needed anliba for the preservation of

nonrenewablaesources

Social

The social aspects of the Green Guide for Roads are primarily seerMolbiigy for All
andCommunity ImpactsategoriesMobility for All demonstrates how to create a more
multimodal communityallowing for all modes of transportation to be addressed and planned
for. Community Impactdeals with the problentfat a roadway mayave on a community

during itsconstruction and operation.
Health & Safety

The Green Guide for Roads promotes health and safety of all people building, using, and
maintaining the roadway. Specifically, there are crediBnargy &Atmosphereghat directly
promote roadiay worker safety and healthlobility for All sugports a healthier lifestyje
providing an emphasis on multimodal transportation, primarily walking and cycling. In addition,

there are credits in thmtegorythat address the safety of walkers and cyclists.
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Chapter 1: Introduction

The construction industry is the largest producer of wasteeitJnited Statest
contributes 350 million tons of waste from construction and demolition activities (C&D) each
year, nearly 30% of the waste stream. The transportation sector generates an estimated 190
million tons of C&D waste, roughly®% of the total industry waste astaited byBill Turley in
October 2008(Muench, S 2009 Rating Your Project for Sustainabiljity

Transportation is a large contributorenvironmental impactespeciallyharmful CO,
emissionghatincreases global warming. To ease the impacts oerthieonment, sustainable
practicesshouldbe implementedsothe need®f todaycan be met withouffecing the needs of
the future(Bruntland, G. (ed.), 1987There are progranand tools availabléhatpromote
sustainabilityandreduce environmental ipactssuch as the popular LEE (Leadership in
Energy and Environmental Desigmting systermdeveloped by the United States Green
Building Council(USGBQ. The rating systemgroducedoy the USGBC haveeena huge
succesgsits membership has quadrupled since 2800it continues to raise the bar for
sustainabléuilding practicesand operatioflUSGBC, 2009)Unfortunately, there areurrently
no natonwide standardating systemsike that of LEEDavailable to promote stanable
transportatiorplanning,construction an@peration However, there argorogramsattempting to
reduceenvronmental impactthroughgovernmentegulatedecycling programs and material
reuse.Thesecurrentpractices ara startout do not promote sustainable transportation over the

entire life cycle of a road.

Research has beenonducted over the past few yearslédermine sustainable
transportatiorpractices The first successfufferts were done by argduatestudent, Martina
Soderlund at the University of Washingtan 2007 In Martinad ma s t teesisheesearched
sustainableéransportatiorpractices andeveloped aating systemThe frame work of the rating
system incorporated many aspects from LEED, such as usintsdredward sustainable
choices and practices, different levels of certification, and the general layout of each
credi(Soderlund, M., 2007Her advisor Steve Muenchcontinued orwith her work and further
developed theating systeninto what isnow called Greeroads. Its current edition, Version

0.95,is avery comprehensivguide thatoreaks down each credit by explainitgrequirements,
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goal, explanation, potential issues, submittals, strategies, research, and case studies. It is
expected thaGreenroadsvill be publishedn early2009and isspeculatedo be use@n a
national level Another rating systen@reenLITES (Leadership In Transportation and
Environmental Sustainabilityjvas developed by the New York St&tepartment of
TransportatiofNYSDOT) and began reviewing projeais September 25, 2008r

certification GreenLITESwas derivedrom theideasand concepts behir@resnroadsput is
seltcertifying andonly used forNew York State transportation proje¢t¢YSDOT, 2008)

StantedConsulting Ltd.is aglobaldesign firmthat persistently strigsto balance
economic, environmental and social responsibilities, and is considered to be a world leader and
innovator in sustainable solutio(Stante¢ 2008) Stanteds in the process of developing its own
rating systemGreen @ide forRoadswhich would promotesustainable practices the
transportatiorsector Currently, the guide is an internal document that needs further research in
all areas of sustainable transiadion (Green Guide for Roadd)n the near futureStanteavants
to use thigguideas a marketing todbr potentialclientsand possibly propose the guide to the
Canadian Green Building Couné€aGBC), in hopes that ivill be adopted and beconae

benchmarKor sustainable practices in roadway construcinddesign

The primarygoalof this projectwasto furtherdevelopS t a n Green Gude for Roads
conceptdocument The objective othe project was tenhane the currentrating systenthrough
several processe®nsisting ofa literature reviewgomparison tather rating systems, meetings
with transportation industry leadergedit assessment arating multiple projectsThe team
reached the goal set by Stantec and produced a list of recommenttatitlesGreen Guiden
what needs toédonen the futureto have a functionalvorking documentThe
recommendations and work done during the project will be presentieel Toansportation

Associationof CanaddTAC) to aid their task forcen thecompletion of Green Guide for Roads.
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Chapter 2: Background

This section addresses the current transportation impacts and concerns and fitlve need
the shift towards sustainable practices. It explains what sustainabititydifiow it pertains tthe
transportationndustry, the history of EED and its impacts, as well asher rating systems in
devel opment and use. Fi nl &reen Gyide fotRoastmngdpta i ns St a

2.1 Current Transportation Impacts & Concerns

The transportation sect or Ithscensideredtllar ge i mp a
transportaton fir epr esents 10 percent of t hbeefowor | dos
22 percent of the global energy consumption and 25 percent of fossil fuel burning across the
world, and 30 percent of gl oBASHT0a2009.Thesd | ut i on
factors contribute to the growing concerns of the depletioratfral and nomenewable
resources, global climate change, disruption of ecosystems, and toxic pdihVABRITO,
2009.

In an attempt to address these congaires American Association of State Highway and
Transportation Officials (AASHTOissued aeport called, Transportation: Invest in Our Future
It stated that, AAmericads tr an $apesthdchallengesn sy st
of congestion, energy supply, environmental impacts, climate change, and sprawl that threaten to
underminelte economic, social, and environmental future of the nation. With 140 million more
people expected over the next 50 year s, past
(AASHTO, 2007. The reportalsosuggested that transportation decision makkosild start
practicing t hethedrytasuspainabilityp Thisstaccomplishethyeagsessing the
performance foundation of economic, social, and environmental impacts and applying equal
consideration to these aspe@&\SHTO, 2007.

2.2 What is Sustainability ?

A Sust aevelamdntds development that meets the needs of the present without
compromising the ability of f uBruatlane, Gded.)er at i on
1987. In order to achieve this, it is necessarydout on the three pillars of sustainability known

as the 6t ra pHes pillacdantbeseen iRiguned andaredescribed below
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e fiEconomicDevelopment:Ensure that the i i Birse piilacs

. . . t
financial and economic needs of current and of sustainable developmen

future generations are met. /\
e Environmental Stewardship: Ensure a clean L L

environment foicurrent and future generations

and use resources sparingly.

e Social Equity: Improve the quality of life for

Economic growth
Environmental

Social progress

protection

all people and promote equity between

.. N Figurel: Three Pillars of Sustainable Development
societies, groups, and generat@SASHTO, (Adams, W. M., 200p

2009).

F|g ure 21 showsexact |yh0W Community Livability

eachaspect of sustainabilityteracts

T

SOCIETY

. /_\
with oneanother. If all three are focusec Environment

Envirenmental
preservation

Social Equality
and well being

on equally comprehensive sustainability # egeneraton COMPREHENSIVE
SUSTAINABILITY
is achievedWhentwo oftheaspectsare
] ) Sustajnable 1 and Economic
concentratedn more itwill move the Developrent Equity
focal point outsidef the comprehensive Ecnamt saraipment
and vitality

sustainability overlap to community
. . . . . Adapted from a diagram produced by the Ontario Round Table on the Environment and the
livability, social and economic equity Economy

. Figure2: Interaction of the Three Pillars of Sustainable Development
sustainable development.dhly one (The Centre for Sustainableansportation, 2002

aspect ionsideredthe focal point will be within that circle.

With these aspects mind, sustainabléransportations defined by the Canadian Center

for Sustainable Transportatigfihe Center for Sustainable Transportation, 2G36)

e "All ows the basic access needs of indivi
manner consistent withuman ecosystem health, and with equity within and between
generations;

e |s affordable, operates efficiently, offers choice of transport mode, and supports a vibrant

economy; and
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e Limits emissions and waste withizes t he pl an
consumption of nomenewable resources to sustainable yield level, reuses and recycles

its components, and minimizes the use of land and the production abnoise

2.3 Leadership in Energy and Environmental Design (LEED)

LEED is a green buildingating system that promotes sustainable practiodsproducts
LEED was first introduced by tHénited States Green Building Coun@SGBQ in 1998ard
continued to grow from a singtating system to severdrhis occurred due to the increased
popularity of therating systemasit was adopted as a nationwidenchmarkor green building
within the U.S. The impacts of LEED have been and continue tmipensegreatlyreducing

the environmental impasaindpromotingsmart economic investment

2.3.1 History

The USGBGis a nonprofit, norrgovernmental organization that was founded in 1993
is a committedbased organization that is comprised of bugdimdustry stakeholders such as
architects, building product manufacturers, owners, contractasjaious environmental
groups who are interested in promoting green building. In the sadgf the councid s
developmenthey stressed the need for a system that would defia¢ agreen buildings.
From research of othesustainablegrograms, th&JSGBC decided to develop its own system for
U.S. buildings(Keoleian, A. G.ScheuerC. W.,2002).

In August 0f1998,the USGBC released its first versiothe LEED 1.0 pilot program
which was headed by Robert K. Watson, founder of the LEED Steering Committee. The
committeewascomposed of volunteers from the building industryesolve program and
interpretation issues and work on revisions to the progégnMarch 2000LEED 1.0had
alreadyscored 12 buildings for cefitiation. From the piloprogramperiod of LEED 1.0, a total
of 14 buildings would be certifiedind a number of problems became appandcommittee
would address these issues and nwskeeral modificationso further develop theating system
to make it more comprehensiigy March 0f200Q LEED 2.0 was releaseehdrenamed_.EED
for New Constructionwhich is short folLEED Green Building Rating System for New
Commercial Construction and Major RenovatiggSGBC, 2006)(Keoleian, A. G., Scheuer, C.
W., 2002)
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Since thedevelopment of thélew Constructiomating systemLEED has evolved
extensively and undertaken new initiatives. Thesee been to administer a test in green
building to be considered an Accredited Professional for LEED as waififeient rating
systemghat apply tosix different markets These miketsconsist of New Construction, Existing
Buildings, Commercial Interis, Core & Shell, LEED for Homes, and Neighborhood
DevelopmentSome of these markets have expanded into more than one rating system like that
of New Construction, which has sihfferent rating systems, New Construction, LEED for
Multiple Buildings/Campuess, LEED for Schools, LEED for Healthcare, LEED for Retail, and
LEED for LaboratoriesSome of these rating systems are in use while others are still pilot
programsbutthe diversification of LEED is apparerithis has made LEERery popular over
the pasfew years not only can it be applied to many different types of projeécedso gives in
depth information oustainablduilding practices(USGBC, 2006).

2.3.2 Structure of the Rating System

LEED is a very straight forwaradndeasy to use ratingystemwhich is why many users
like it. Eachrating system is broken down insx different categorieseachof which promotes
different aspect of sustainability. These categories are Sustainable Sites (SS), Water Efficiency,
Energy and Atmosphere (EA), Materials and Resources (MR), Indoor Environmental Quality
(EQ), and Innovation and Design Process (E¥ch categoris broken down intgprerequisites
andcredits Prerequisites are required and contain no point value, while credits are optional and
have a range of possible poinEach credits explainedn full detail with potential strategiesn
how to achieveheallottedpoints These details explain the credit intent, requirements, potential
technologies & strategies, summary of referenced stagdgproach and implementation,
calculations, exemplary performance, submittal documentation, considerations, econogsic iss
resources, and definitioned §GBC, 2008.

The rating system also explains the differentls of certification anthe point totals needed
to obtain themThe certifications are distinguished by four different levels, starting with least
green toexceptionally greenThe different levelsre Certification, Silver, Gold, and Platinum.
The way to determine which category the project falideris by comparing the certification
level to the amount of points awarded by the USGBQGhe projecfUSGBC,2006).
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2.3.3 Impacts

Green buildings use less energy than conventional buildiigslevel of certification
achieved affectthe overall energy reductidrom standard code, rangifiggm 18%reduction at
Certification to37%at Gold On average, gredsuildings reduce their energy use by 28%.
LEED buildings also usalternativetypes of energyhese can be green or-eite renewable
energythathave no environmental impact. LEED buildings reduce the amount of energy needed
for operation and cost, as lvasthe environmental impadiKats, Gregory. H., 2003).

An indirect benefit ofyreen buildings theincreased productivitgf workers LEED
buildings make the working environment more attracteenfortable andprovide healthier
conditionsfor its oacupants. This islone by better lighting conditions, bettemtilation, and
improved thermal control. Better ventilation is possibly the most imporaintside air
concentratios of pollutants can range from 10 to 100 tintleat of theoutsideair. In LEED
buildings this factor is eliminateth some casethe air quality is improved beyortdat ofthe
outside air Sinceworking conditionsareimproved, workersrehealthier and therefore use less
sick days Completed studieBaveshown an increase o%d productivity ratgroughly 5 minutes
per working day)n Certified and #ver buildings anda 1.5 % increas€roughly 7 minutes per
working day)in Gold and Ratinum buildingsWhile seemingninimal, a 1% increasgields
$600 to $700 per employee a yead a 1.5% increase yiel8400Q This carresult inlarge
financial benefitdor the employe(Kats, Gegory.H., 2003)

2.4 Other Rating SystemsThat Have BeenDeveloped

While LEED is the building industry benchmark in sustainabijlityere are other rating
systemsmplemented and in various stages of development. The Green Guide for biealtlas
created in 200%r hospitalsand iscurrentlyin the process of being incorporated into LEED.
Greemoadsis a rating systerfocusingon sustainable transportation piees and is in its final
phaseof developmentFrom Greenroad$;reenLITES was developed and is a-selftifying
rating system used by tiNYSDOT.

2.4.1 Green Guide for Health care

The Green Guide for Healthcamasstatedby a group of hospital personrtbat wanted
to improve the quality of construction and operation of hospifBitey obtained an agreement
with the USGBC to use the framework and credit struafitdEED. The guide took the general
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concepts of th&lew Construction rating system and addedw creditspecifically relating to
the operation of hospitaldzor example, the recycling of bio wastaisentirely different
process from normal waste recycling in a typical buildi@geen Guide for Healthcay 2009.

The first version of this guide came out in December 2003 to bewediand receive
comments from thpublic. Incorporating revisions from the initial review, version 2.0 was
released in November 2004 for use as a pilot progrBime program waeat through 115 projects,
generatingeedback that was used to substantially update the operations section of the guide as
well asedit individual credits.From this, version 2.2 was released in January 28@7%elt
certify rating systenjGreen Guide foHealthcare, 2009

Due to themany similaritiesvith LEED for New Construction, the guide facilitates the
process of applgg for LEED certification.Due tothe success of the program, LEED is
currentlyin the process of reviewirgnd adopting the timg system as one of their ov{@reen
Guide for Healthcare, 2009

2.4.1 Greenroads

Greenroads is a sustainable transportatiing systenin its final stage®f
development Originally the thesis work of Martina Soderlarat the Univesity of Washington
(UW) in 2007, i has since been further developed by Steve Mudmeiladvisor ad associate
professorThe UW has partnered up with CH2M HILL, an engineering firm with expertise in
sustainable solutions in many areas including transportation infraserwatdroperations, to
completethe guide(Muench, S., 2009Greenroads

The guideis designed tde used on new, reconstructed, asdabiltation roadway
projects Thecollection of sustainablgansportation practicese sorted into 1firerequisites
and 39 credits. The 50 credits are broken down intgekien categories, consistingRrbject
Requirements, Environment and Water, Access and Equity, Construction Activities, Materials
and Resources, Pavement Technologies, and Exemplary Performapogechs awarded
certification by meeting all the prerequisites and fulfilling a number of the optional credits. Th

certification levelsare Certified Silver, Green, and Evergre@iuench, S., 2009, Greenroads
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As the guidenears completignt is a@uiring pilot projects to rate with the fina¢rsion
of the guide that is dueut in early 2009. The ultimate goal for this guisleo be adopted as a
nationwide standard for sustainable roadw@ysiench, S., 2009, Greenroads

2.4.2 GreenLITES(Leadership In Transportation and Environmental Sustainability)

GreenLITES is another sustainable transportation rating system develogred by
NYSDOT for state useTheguidewas createtb display sustainabkeansportatioriechniques
alreadyin practiceby NYSDOTand to promotéhe improvement of sustainable practicésany
of the ideas and conceptame from the Greenroads gui{tYSDOT, 2009.

The system is based on 20 credits worth 256 points that are distributed atheriyst
categories oSustaimble Sites, Water Quality, Materials and Resources, Energy and
Atmosphere, and Innovation/Unlisted. Depending on the amount of points earned, a project can
obtain one of four certification levels including Certified, Silver, Gold, and Evergreen. The
NYSDOT used 26 completed projects in order to determine the point levels and weigh the
system correcth{NYSDOT, 2008.

This is a selcertification process. The NYSDOT useseenLITESas anmternal
program to measure theeives find areas oimprovementard asa tool to show the public how
they are advancing sustable practiceNYSDOT, 20089.

2.5 Stantecd Green Guide for Roads
The Green Guide for Roads was originally developed by Stanfgoitaote sustainable
transportation practice3heqguided s © tlelused as a marketing tdot potential clients

To view theoriginal conceptdocumentseeAppendix A

2.5.1 Purpose and Objective

Theobjectiveof the Green Guide is to set a benchmark in sustartedrisportation
practice This will help Stantec usthe guide aa marketing tool to show their clients that they
are a leader in sustainable transportation practi¢giémately, Stantec hopes that the rating
system takes the same Ipais the Green Guide for Healtlte and getadopted into LEEDas a

newrating system(Green Guiddor Roads)
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2.5.2 Content

The Green Guide for Roadsstructured after the popular LEEBXing systems. The
guideis broken upnto severcategories consisting dobility for All, TransportationEfficiency,
Safety, Matrials and Resources, Energy afitinosphere, Community Impacts, and Innovation
in Design Procesg€ach category contains both prerequisites which must be met for cedifica
and optional credits. Thegrequisites carry no points while each credit has a range of points that
can be achievedtach credit consists of an Intent, Requirements, and Submittals in oderyto
out the creditThe intent briefly explains what the credit is trying to achieve, Rexapents are
the necessary measures or actions that must be done to achieve the possibighileints,
Submittals are the documentation that provides proof that credit requirements wGrarat
Guidefor Roads)
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Chapter 3: Methodology

The goal of the project was to further develop the Green Guide for Roads. $tmtec
usethis rating system as a marketing témla competitive edge isustainable transportati@amd
presenthe work accomplished during this projéafTAC for assisance withtheir task forcen
further developinghe guidefor publicationand useTo accomplish this goal the team fHad
fulfill the objective of enhancirthe current rating system.

The flowcharton the next pagd-igure3, visually represents thactivitiesdone to
accomplisithe goal of the projecthe flowchart is set upo that each process falls into a
sequential ordethe top representing the activities done atiginning of the project and the

bottom beinganendresult Thelegend othe flowchart is:

e Square Boxg8lue): Process
e DiamondRed: Decision

e Box with Curved BottorGreer): Document

For more information on when each activity was deseeAppendixG.
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3.1 Enhance Current Rating System

In order tofurtherdevelopthe Green Guide for Roads, the team had to enhance the
current rating system. To accomplish this objective, the tesmme familiarwith current
sustainableéransportatiorpractices through a literature reviemeetings, and review of other
sustainable transportation ratisgstems.The information gaineftom the literature review and
comparison of guidesasused to add and remove crediler credit requirements araljust
the weight of credd This preliminary draft of the Green Guide was then useddces
transportation projects amtiscussed in the meetisglrhe project scores and feedback gained
from the meeting&ed to the development of tieviseddraft of theGreen Guide for Roads
along with acorrespondinget of recommendations

3.1.1 Literature Review

A literature review was conductéal provide the project team with an understanding of
the topics presented in the Green Guide first topic investigated was the environmental
impacs of the transportation industrigesearch indicated that there were many sustainable
practices that could be incorporatedimit use of virgin materials, promote environmental
stewardship and reduce the amountaritful emissions caused by timelustry. This led t@n
examination of other sectors of the construction industry and how they have integrated
sustainable stragges intocurrent practices The best example of thisi&€ED, the popular green
rating systenused bythe building industryThis guide provided insiglmto how a successful
green rating system works. Examples of green rating syseecsfic to theransportation
industryincludeGreenLITES and Greenroadshichthe teamexamined andontributed tdhe

developmentof the Green Guide

3.1.2 Comparison to Other Transportation Rating Systems

Comparing théwo rating systers, GreenLITES and Greenroadsthe Green Guide for
Roadswas importanto its developmentThe first step in this process was to gain an
understanding of the point breakdown of the original version ofdie Thepie chart created

to visualizethe importance of each sectimnstown belowin Figure4.
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Category Breakdown Original Green Guide for Road

Community Inm_)vation in
impacts pesign Process Mobility for Al
e o 30%

Materials and Transportation

Efficienc
Rezgclf/rces Energy and Safety 15% ’
() Atmosphere 5% i
8%

Figure4: Category BreakdowrOriginal Green Guide for Roads

After reviewing the credits of eagjuide a common set of categories was created to

accurately compare the guides. The credits of gaale were organized into these new

categoriedased on their internd graphed by the percentage of possible pthateach

categorycontainegdwhich can be seen Figure5.
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Figure5: Original Guide Comparison lyommon Categories

Comparing the rating systeratsoallowed the team to sé®w theGreen Guide could
improve Ideas frombothguides were incorporated intbe Green Guide to create additional
creditsand fill in missing criterian existing creditsThis new guide was then broken into the
same common categories and compared again, to see the effect the new credits had on the

breakdown.

3.1.3 Credit Assessment (Preliminary Green Guide for Roads)

The comparison of the green rating systems resultdgekishift to a 100 point scale,
addition and removal of credits, and altering of requirements. The guide was moved to a 100
point scale to be more uskiendly and easily convey the value of each credit. The addition of
new credits and shift to a 1@@int scale necessitated the need to reweigh the credit values.
Point totals were assigned based on the literature review, with credits havinglestgémable
impactsrepresented by higher point totdlsstly, some of the credit requirements needed
modification to better characterize sustainable practieesn thisa preliminarydraft of the

Green Guide for Roads was producetiich can be seen ippendix B
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3.1.4 Meetings

To gain a better understanding of curnmfustry practices and receive féagk on the
preliminaryguide, the team met with multiple industry experts. An understanding of current
practices was necessary to ensure the credits were above and beyond existing ,Sstantgards
the feedback was used to assess the credits and addsubjeaddressed in the guide. These
meetings were setup wiBtantecadvisors,Stantec prsonnel, Works Alberta and GreenAlberta.

e Stantec Advisors: Through weekly meetings, the advisors provided continuous advice
and direction relating to the projedthey acted as resource managers, directing the team
to appropriate personnel as well as pertinent projects and information.

e Stantec PersonnelThe team met with Stanteesonnel with expertise in the areas of
stormwater management, transportation planrstgtegic asset management and
lighting to discuss the Green Guide. The information gathered fromekpsetsvas
vital to shaping theevised guideand recommendations

e Works Alberta: The team presented the guide to Works Alberta, a local contracting
company, to gain insights into the construction aspect of sustainable transportation. They
provided input on which creditsould be obtained by contractoasid different ways to
evaluate the credit requirements.

e GreenAlberta: The team met witthe founder of Green Alberta, a company that
evaluates green building products. She talked about the different aspects of the evaluation

process and how to potentially apply the same concepts to sustainable transportation.

3.1.5 Score Projects

The team aguiredthe specifications and construction drawingsigfoadway projects
from Stantedo score against the Green GuiBeiring scoringt becameapparenthatthese
documents did not include all tinecessarynformationto properly score the projediowever,
based o0 n meehngs withplanneéssdesigners, andntractors familiar witlyeneral
transportation constructiothe team was able to mag&ducated assumptisaboutcredits not
coveredby the drawings and specificatiof&ach project olatined two scores, the actual score
the project would achieve amlde highest potential scoréhe assumptions for the unknown

credits were consistent throughout all projects and a detailed explanation is presSeteitbimn
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4.5. The individual project sgecard, cross sections, and overhead views can be found in
AppendixD and E

3.1.6 Credit Assessment (Revised Green Guide for Roads)

The results of the meetings and project scorings letidages in the preliminagreen
Guide.The guide was reworked witidjustmentso prerequisites, credit requirements, and
weighing of creditsthat resultednto a revisedrersion of theGreen GuideThis led to amore
comprehensivguide along witha listof recommendations for ftherdevelopmentThe revised
Green Guide can be seemppendix C

3.1.7 Populate Website & Discussion

The GreenAlberta webstwas developetb be adatdankof sustainable transportation
informationand create forums to promote discussion about the Greide.Ghewebsite is an
onrgoing process that will continually grow with more informatikeepng the guideup to date
with leading technologieand practices=rom this, Stantec will gain aadge over its competition
by havingthis viable information in a structured, easygesystem A detailed breakdown of

the websitecan be seen iAppendixF.
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Chapter 4: Results & Analysis

4.1 Literature Review

The results from the literature review were used to help the team better understand the
concepts involved in sustainable roadways and to provide content for the website. The research
conducted brought insight and provided a background for main topicssigtin the Green
Guide for Roads. This information wasedto help propel the critiquing of the concept guide,
the questions for the conducted meetings, as well as to score the individual projects. The content
was posted on the website, whichisusedasd at abank for .t he guideods

4.2 Comparison to Other Transportation Rating Systems (Concept Document)

The concept document was used to gather more insight into the indivédagbriesand
credits, as well adeterminehow the points were allotted and where the emphasis was placed.
The point totals were calculated for each category and graphed in agiestlown below in
Figure 6; where the categories were broken down by percentage of total (8hts

Category Breakdown Original Green Guide for Road

Innovation in

Design Process Mobility for All

Drtation
ency
%

Figure6: Category BreakdownOriginal Green Guide for Roads
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