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WHAT IS THE BASIC ISSUE?
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Land Area 57.5 million mi?
Population 6,830,586,985
Coastline 221,208 miles
Economy (GDP)  $70.29 trillion
Labor force 3.179 billion
Electricity Prod.  19.25 trillion kWh
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The better off we are, the more material we consume...

U.S. Nonfuel Materials Consumption (1900-2002)"4
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...and the more waste

we produce.

What if we stop How do we cause

increasing emissions? CO2 emissions?

Four-fifths is from
buming fossil fuels.
Nearly all the rest is.
from deforestation
and other changes
in land use.

Even at the current
emissions rate, CO2
is released into the
atmosphers nearly
twice as fast as it is
removed—so the
bathtulb will
continue to fill.

350 parts per
No one is sure. Some
scientists think we need
to reduce the CO2 level
back down to 350 parts

Plants and to 745 billion metric

Egll athsz,r?rd tons of carbon—to avoid
a D:: atni - serious climate impacts.
E:I;anw:?l::f::e But if current emissions
trends continue, 450 ppm
waters about a o ' e

will be passed well before
mid-cemtury.

quarter. The rest i
stays airbome
for a long time.
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How does CO2

cause waming?

It absorbs some
of the heat radiation
coming off Earth’s
sunbaked surface
and reradiates it
back downward.

2008 AWERAGE
385

HIGHEST ICE

CORE READING
(333,000 YEARS AGO)
298

271

PREINDUSTRIAL LEVEL

Hasmn't CO2 been
this high before?

Not for at least
500,000 years,
say the oldest air
bubbles found

in Antarctic ice
cores—and probably
not for millicns

of years.

from The Carbon Bathtub, National Geographic (December 2009)



What we demand of the earth exceeds its capacity.

Ecological Footprint by Component
(from WWEF Living Planet Report 2010)
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The problem in one graph:
Human Development Index vs. Ecological Footprint

From the WWEF Living Planet Report 2006

Exceeds biosphere’s average capacity
per person, low development

Fig. 22: HUMAN DEVELOPMENT AND
ECOLOGICAL FOOTPRINTS, 2003
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THE RESPONSE: SUSTAINABILITY




W IHE COLLEGE
SUSTAINABILITY
REPORT CARD

A Review of Campus & Endowment
Policies at Leading Institutions

Published by Susminable Endowmenis Instituie

I Green Products

More people are purchasing eco-friendly items to conserve energy and help save
the environment. What are some of the most popular “green products™?

#= Nature’s Kiss, the earth-friendly, ineffective oven cleaner

= ZookTubes, the zucchini that fits in most
common fluorescent-light fixtures

Hl* 't E NTH

= 10,000 Tornorrows, the
reusable toilet paper '

t GENERATION

= Coal, the fuel that comes right out FRTTH RODUCTS °TS FOR A HEALTHY PL FLANE
of the earth, as nature intended

= Thermonuclear sun emulator, for charging
solar-powered gadgets at night

= Rats,“nature’s garbage disposal” ||.}

= Sheetwood, the environmentally friendly,
renewable sheetrock substitute

= Kleaner Wieners, the hot dog made from

L 0 2 FLY BATMRINNL TIRgLes ot o, » LA EILE
100 percent post-consumer meats
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THE CAR NATURE WANTS TO OWN

},\
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— s 100% recyclable

— Features a new labe
that's 30% smaller

Is made with 30% less
plastic than the average
half liter bottle®

—— Easy o carry

flexible so it's
sier to crush for




Renewable Energy

Power Race| Renewable energy use in the U.S.

Electricity generated from renewables, by state (2009)

Pecentage of electricity Renewables include: solar, wind, hydroelectric, Top states for pct. of electricity
generation from geothermal and wood/biomass/waste.’ generated from renewables
renewables
Biomass/ wind
0-5% O B S Idaho 86% waste — |
B 21-40 O 0 s MWh
B -8 O e o Washington 75%
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From: Gold, R. (31 March 2011). Wind, Sun Power Still Face Hurdles, WSJ.



WHAT DOES “SUSTAINABILITY” MEAN?
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Our Definition:
Sustainability is a system characteristic that reflects the
system’s capacity to support natural laws and human values.

~

J

The 5 simple sustainability rules:

o b WN PR

. Don’t take stuff from the earth faster than it will go back in.
. Don’t produce stuff faster than it can be broken down.

. Don’t alter ecosystems.

. Seek quality of life for all.

. Manage resources wisely.



We are really talking about being “more sustainable” than we were.

We are going for “do less bad". The goal is “do good".

Bad Good

Break Even Point

Use > replace Use = replace
Produce > broken down Produce = broken down
Excess = damage Excess = benefit

Change nature Integrated into nature

O O O

humans ants

FAARARHEA o A4

14
Example drawn from ideas in McDonough and Braungart’s Cradle to Cradle (2002)







GREENROADS




U.S. 97: Lava Butte - S. Century Dr.

Oregon Department of Transportation

What is Greenroads?

An independent 3" party sustainability rating system for roadway design and
construction. It awards points for more sustainable practices and can help
guantify and communicate the sustainable attributes of a roadway project.

It is like LEED® for roads.



Camp Garcia Entrance Road, Vieques Island NWR, PR
U.S. Fish and Wildlife Service, FHWA Federal Lands Highway

What can Greenroads do?

Define sustainable features on your project
Benchmark and manage sustainability

Communicate sustainability efforts to key stakeholders
Stimulate the market for green transportation

AN NEANEAN

It helps improve roadway sustainability.
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M| Cheney Sustainable Stormwater Project

el City of Tacoma

Who owns Greenroads?
The Greenroads Foundation, an independent non-profit U.S. corporation,
manages the review and certification process for sustainable roadway projects.

The Greenroads Foundation. “
Greenroads

FOUNDATION




Photos from Concrete Works or Colorado Inc (prlme contractor)

What does Greenroads Address?

Greenroads is a project-oriented system focusing on design and construction,
which is a conscious scope choice. Planning/operations/maintenance are mega-
important; this tool is meant to address the design/construction piece.

Greenroads addresses design and construction.
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Pioneer Way
City of Oak Ha“r‘bor, WA =

Does Greenroads work for my project?

Greenroads works for all roadway projects and more. It is applicable to a wide
range of project sizes and scopes. It works for huge billion dollar mega-projects
and for routine pavement overlay projects and everything in between.

Greenroads works for all types and sizes of road projects.
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Greenroads

L ELTEL

Version 1.0
Revised 4/19/2010

Version 1.5 manual

o
w® Greenroads Rating Syster . |

L C A [ hitps//www.greenroads.org
3 Apps A7 -Windo., © duench- Out.. W MyFinancisldeskto.. & Gresnroads - SkyDrve (@ CEE 585 GoPost Win.

Read the Manual

Members Area

Leamn More

Sier Certified

Way in Oak Ha

The Greenroads Rating System

Greenroads Stories
The Greenroads Rating System is a third-party, points-based system available to certify sustainable roadway and
transportation infrastructure projects. The system provides metrics to measure the effect of design and construction 1 3

practices which can ba implemented on a project to eam points loward one of four certification awards. More Morulere_y Roa_d Project Is
Califomia’s First Greenroad! =

Greenroads Foundation

wWww.greenroads.org




hgeemadg ——— Greenroads Version 1.5: Overview

Category Description Points
Project Requirements (11) Minimum requirements for a Greenroad Req.
Voluntary Credits (37)
Environment & Water Stormwater, habitat, vegetation 21
Access & Equity Modal access, culture, aesthetics, safety 30
Construction Activities Construction equipment, processes, quality 14
Materials & Resources Material extraction, processing, transport 23
Pavement Technology Pavement design, material use, function 20
Total Voluntary Credit Points 108
Custom Credits Write your own credit for approval 10
Total Points 118

23




‘geenroadé

Requirement

Project Requirements

Description

PR-1 Environmental Review Process
PR-2  Life Cycle Cost Analysis (LCCA)
PR-3 Life Cycle Inventory (LCl)

PR-4  Quality Control Plan

PR-5 Noise Mitigation Plan

PR-6 Waste Management Plan

PR-7  Pollution Prevention Plan
PR-8 Low-Impact Development (LID)
PR-9 Pavement Mgmt. System
PR-10 Site Maintenance Plan

PR-11 Educational Outreach

Complete and environmental review process
Perform LCCA for pavement section

Perform LCI of pavement section with computer tool
Have a formal contractor quality control plan

Have a construction noise mitigation plan

Have a formal plan to divert C&D waste from landfill
Have a TESC/SWPPP

Feasibility study for LID stormwater management
Have a pavement management system

Have a site maintenance plan

Publicize sustainability information for project

24



PR-2 Lifecycle Cost Analysis (LCCA)
Determine the lifecycle cost for the roadway project to aid in decision-making.

e Febbicasion Ve FIAGAS00S

Life-Cycle Cost Analysis
in Pavement Design
- In Search of Better Investment Decisions -

P
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Pavement Division Interim Technical Bulletin
September 1098
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PR-2 Pavement Management System
Make roadway capital assets last longer and perform better by preserving and maintaining them.
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‘geenroadé

Environment & Water

Voluntary Credit Points Description

EW-1 Environmental Mgmt. Sys. 2 ISO 14001 or eq. cert. for general contractor
EW-2 Runoff Flow Control 3 Capture stormwater/reduce runoff quantity
EW-3  Runoff Quality 3 Treat stormwater to a higher level of quality
EW-4 Stormwater Cost Analysis 1 Conduct an LCCA for stormwater BMP/LID
EW-5 Site Vegetation 3 Use native low/no water vegetation

EW-6 Habitat Restoration 3 Create new habitat beyond what is required
EW-7 Ecological Connectivity 3 Connect habitat across roadways

EW-8 Light Pollution 3 Discourage light pollution

Total 21

27



EW-4 Stormwater Cost Analysis
Determine lifecycle costs and savings associated with low impact development techniques and best
management practices for stormwater utilities.

Stormwater pipe awaiting installation . LID stormwater facility in Seattle, WA




Greenroad.'r;

Access & Equity

Voluntary Credit Points Description

AE-1  Safety Audit 2 Perform roadway safety audit

AE-2  Intelligent Transp. Sys. (ITS) 5 Implement ITS solutions

AE-3  Context Sensitive Planning 5 Plan for context sensitive solutions
AE-4  Traffic Emissions Reduction 5 Reduce VMT or SOV travelers

AE-5 Pedestrian Access 2 Provide/improve pedestrian accessibility
AE-6  Bicycle Access 2 Provide/improve bicycle accessibility
AE-7  Transit/HOV Access 5 Provide/improve transit/HOV accessibility
AE-8  Scenic Views 2 Provide views of scenery or vistas

AE-9  Cultural Outreach 2 Promote art/culture/community values
Total 30

29



AE-8 Scenic Views
Provide access to pleasant views of scenery from the roadway.




‘geenroadé

Voluntary Credit

Construction Activities

Points Description

CA-1 Quality Management System 2 ISO 9001 cert. or eq. for general contractor
CA-2 Environmental Training 1 Provide environmental training

CA-3 Site Recycling Plan 1 On-site recycling and trash collection

CA-4 Fossil Fuel Use Reduction 2 Use alt. fuels in construction equipment
CA-5 Eqgpt. Emission Reduction 2 Meet EPA Tier 4 stds. for nonroad equipment
CA-6 Paver Emission Reduction 1 Use pavers that meet NIOSH requirements
CA-7 Water Use Tracking 2 Develop data on water use in construction
CA-8 Contractor Warranty 3 Warranty on the constructed pavement
Total 14

31



CA-2 Environmental Training

rovide construction personnel with the knowledge to identify environmental issues and best practice
methods to minimize environmental impact.
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y Project, British Columbia, Canada



‘geenroadﬁ

Materials & Resources

Voluntary Credit Points Description

MR-1 Life Cycle Assessment (LCA) 2 Conduct a detailed LCA of the entire project
MR-2 Pavement Reuse 5 Reuse existing pavement sections

MR-3 Earthwork Balance 1 Balance cut/fill quantities

MR-4 Recycled Materials 5 Use recycled materials for new pavement
MR-5 Regional Materials 5 Use regional materials

MR-6 Energy Efficiency 5 Improve energy eff. of operational systems
Total 23

33



4 Recycled Materials
Juce lifecycle impacts from extraction and producti

on of virgin materials.

i
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Milling up existing HMA surface, Seattle, WA




‘geenroadﬁ

Pavement Technologies

Voluntary Credit Points Description

PT-1 Long-Life Pavement 5 Design pavements for long-life

PT-2  Permeable Pavement 3 Use permeable pavement as a LID technique
PT-3  Warm Mix Asphalt (WMA) 3 Use WMA in place of HMA

PT-4  Cool Pavement 5 Contribute less to urban heat island effect
PT-5 Quiet Pavement 3 Use a quiet pavement to reduce noise

PT-6  Pvmt. Performance Tracking 1 Relate construction to performance data
Total 20

35



PT-1 Long-Life Pavement
Minimize life cycle costs by promoting design of long-lasting pavement structures.
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Paving 13 inches (330 mm) of jointed concrete pavement on I-5 in Seattle, Washington, United States




Certification Levels

Version 1.5: 108 Voluntary Credit Points

‘geen roads ‘geen roads ‘geen roads ‘geen roads

BRONZE
CERTIFIED

SILVER GOLD EVERGREEN
CERTIFIED CERTIFIED CERTIFIED

32-42 points 43-54 points 55-63 points 64+ points
PR + 30% VC PR + 40% VC PR + 50% VC PR+ 60% VC

37



WHY BOTHER?




Save money.

Credit Cost & Savings Source
PR-8 Low-Impact Development 15-80% initial cost savings EPA
Lower initial cost
EW-5 Site Vegetation 30% premium on initial const. Santa Monica, CA
15% savings per year
Payback in 2 years
AE-1  Safety Audit $1,000-58,000 initial cost NCHRP Synthesis 336
B/C ratio: 3:1 or more
Payback in 1 year
MR-4  Recycled Materials 17% savings for materials Kristjansdottir et al. (2007)
10% savings for HMA in-place using 20% RAP
Lower initial cost
PT-1 Long-Life Pavement $65,000 premium on initial const. Muench et al. (2004)
$165,000/lane-mile over 50 yrs for 2-lane road
Payback in 20 yrs
PT-3  Warm Mix Asphalt $50,000 initial investment Kristjansdottir et al. (2007)

$0.35-55.00 savings/ton
Payback in 10,000-145,000 tons

for foaming plant attachments

39



Save Money:
City of San Jose, CA saved $350,000 on a $2.7 million job by

ﬁeenroads

BRONZE
CERTIFIED

2010 STP Resurfacing and Rehabilitation project — Monterey Road, San Jose, CA



Make money.

RANK
2013 2012

i<
From: 2013 ENR Top 100 Green Contractors £/ 8§/ s/ ¢ S/ 8/8 e
2012 GREEN REVENUE S § § E& . ,é" § §= §

ACC. IN %OFTOTAL |/ & g /S J &) § & T ¥

STAFF | SML. | REVENE /| & /| & /| @ /& / £/ § /8§ /) 5/ &
THE TURNER CORP., New York, N.Y. 1,384 | 5,320.8 59| 27 3 12| 18 6 3 6 9 16
CLARK GROUP, Bethesda, Md. 350 | 2,895.1 7| 11| 29 33 6, 13 1 0 4
HENSEL PHELPS, Greslsy, Colo. 522 | 2,062.1 99 8 20 5/ 22 4 9 0 25 7
THE WHITING-TURNER CONTRACTING CO., Balimore, Md. 224 | 1,706.6 45 8 42| 12 0 9 4 0 16
DPR CONSTRUCTION, Redwood City, Calif 398 | 1,466.3 60 9 0 10| 28 0 0 0 0 52
SKANSKA USA, New York, N.Y. 437 | 1,4425 25| 13 8 32| 13 0 0 2 4 2
GILBANE BUILDING CO., Providence, R.I. 437 | 1,2486 | 10 37 23 0 8 0 8 6
SWINERTON INC., San Francisco, Calif 300 | 1,215.3 80 0 14| 24 0 23 14 0 25
PCL CONSTRUCTION ENTERPRISES INC., Denver, Colo, 397 | 1,159.6 17| 24| 13 20 20 0 1 6 14 3
BALFOUR BEATTY US, Dallas, Texas 402 | 1,1195 21 11 12 6| 16 2 6 5 1 4
STRUCTURE TONE, New York, N.Y. 166 | 1,077.8 35| 57 3 26 6 0 0 1 0 8
THE WALSH GROUP LTD., Chicago, Ill. 225 | 1,066.0 26 20 28| 10| 11 0 17 0, 25 6
MORTENSON CONSTRUCTION, Minneapolis, Minn. 302 891.3 38| 12 0 9 5 5 0/ 26| 10 34
MCCARTHY HOLDINGS INC., St. Louis, Mo, 407 856.0 28 0 2 13| o4 0 0 20 1 8
LEND LEASE, New York, N.Y. 276 807.3 33 5 8 10| 25 16 34 1 1 1
BRASFIELD & GORRIE LLC, Birmingham, Ala. 224 801.5 0 1 3 18| 31 15 2 2 1 16
HUNT CONSTRUCTION GROUP INC., Scottsdale, Ariz. 260 775.5 67 0 5 14| 21 8 0 44 8 0
HATHAWAY DINWIDDIE CONSTRUCTION, San Francisco, Calif 97 686.2 91| 47 8 16 19 0 0 3 0 7
JAMES G. DAVIS CONSTRUCTION CORP., Rockville, Md. 80 643.5 80| 87 1 5 0 0 6 2 0 0
CLAYCO INC., Chicago, Ill. 78 636.6 73| 52 0 0 0 0 0 0 48 0




Tell people.

Tulacz, G. (2013). The Top 100 Green Contractors, ENR, 16/23 September 2013.

Green Market by Sector

Commercial
Offices
16.2%
Health Care
Other Sports, Civic, Tl )| Government 18.7%
Hotels ) Buildings and Ent. elecom . Offices -
2.4% 3.3% 4.2% 5.8% J | 12.3% ] Educaﬂo?g N
2%
Retail Y P X Multi-Unit
0.9% Airports 5 8o Non-Building Industrial/ Residential %ﬂh
: 0% Misc. Manufacturing 0
3.6% 4.4% | 7.2% | L
Q::“"\r—-
_-‘-"'"_H_F.’R_'
Total 2012 Revenue — 344,67 billion !
(Measured $ millions) HE"‘&-__J
Reoeneeh & Aryon 1L —

*S44.67 billion 2012 revenue

*Over 1/3 of total revenue from green projects
42



Tell people:

If you do something well tell folks about it. “It ain’t braggin’ if you done it.” — Dizzy Dean
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We can be more sustainable for the same cost.

Results from a UW study of 120 roadway projects looking at actual
Greenroads score vs. potential score

" silver
Gold

Actual Score IS
Score as the project is planned or built.

Certified
*Evergreen

Potential Score NG

Score achievable with no significant
increase in construction cost.
| - |

0-11 12-21  22-31 32-42 43-53 54-63 64-74 75-84 8595 96- 108
Score (Points)

No. Projects

44
M Actual Score (Raw) M Potential Score (Reas)



Urban Arterial Program (UAP) Criteria Rating Guidelines
SUSTAINABILITY CATEGORY (15 POINTS MAX)

@

MODAL MEASURES

- Completes gap in HOV system
Adds HOV lanes in each direction

Adds queue jump or transit only lane

Peak hour transit buses

~ Sidewalk width > TIB standard and/or planter strip

Bicycle facilities

“ Completes gap in adopted bike plan with separated/signed/striped -
‘ﬂ - Extends adopted bike plan s
‘ﬂ Adds adopted bike plan path or lanes i

45
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Urban Arterial Program (UAP) Criteria Rating Guidelines
SUSTAINABILITY CATEGORY (15 POINTS MAX)

Item Points
™ O e ek 4 MAX
‘ﬂ Replace or install low energy street lighting 3

Solar powered signage 1

ENVIRONMENTAL MEASURES
‘ﬂ Low impact drainage practices

‘ﬂ ~ Hardscape or climate appropriate planting
RECYCLING MEASURES
‘” Onsite grinding & reuse of pavement 2
Use of base treatment to avoid over-excavation 2
‘ﬂ Use of stockpiled recycled materials 1

46



GREENROADS TODAY




Greenroads: From Small Beginings

Greenroads selected by President Obama as “Champion of Change”

2013
Greenroads goes international (New Zealand, South Africa, et al.)
2012 First projects certified using Greenroads
Version 1.5 released “
2011 Greenroads Foundation formed Greenroads
FOUNDATION
Version 1.0 Released (TRB 89t Annual Meeting)
2010 www.greenroads.org unveiled
Version 0.95 available online (TRB 88t Annual Meeting)
2009 First Pilot Projects make contact (Ohio, Denver)
2008 Version 0.5 available online

First research funding from TransNow (USDOT Region X)
2007 Original unfunded master’s thesis by Martina Soderlund




The Greenroads project rating program represents

over $4 billion in construction value.

e 7 Certified
e 39 Projects Pursuing Certification (in Progress)

— 7 states registered, 2 in Canada, 3 in New Zealand

— At least 5 more projects pending registration in 2013
e 7 Projects Pursuing Assessment (Pilot, A-Lined)

— Canada (1), New Zealand (4), South Africa (2)

'

49 - s Foundation team
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Meador Kansas ELLis Trail City of Bellingham, WA
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Greenroads™ Summary =

Meador Kansas Ellis Trail
City of Bellingham, WA

Total Score* 44

Project Requirements /M

Environment & Water /21

Access & Equity 11/30 R L 5 A e o A

Construction Activities 3/14 Shma ey o 4 | & (
Materials & Resources 15/23 | S o B %geenruads
Pavement Technologies 8/20 ; . GT R SR A

Custom Credits 0/10 W ' | _SILVER
S e e T SRR TR . ; ot | CERTIFIED

*Does not include Project Requirements
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i:ityr of 0Oak Harbor, WA
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Greenroads™ Summary

SE Pioneer Way Reconstruction

= City of Oak Harbor, WA
m Total Score® 43
Project Requirements 1M/
Environment & Water 5/21
Access & Equity 10/30
Construction Activities 5/14
Materials & Resources 10/23
Pavement Technologies 8/20 : _
Custom Credits 5710 RN SILVER
. . CERTIFIED

*Does not include Project Requirements
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e —



US 97: Lava Butte - S. Century Drive

Oregon Department of Transportation

%geenmadé

PILOT
PROJECT

Greenroads™ Summary

US 97: Lava Butte - S. Century Drive

0DOoT
Total Score* 46
Project Requirements 8/11
Environment & Water b/21
Access & Equity 17/30
Construction Activities 1/14
Materials & Resources 10/23
Pavement Technologies 5/20
Custom Credits 7/10

*Does not include Project Requirements



Presidio Parkway Caltrans
e W TR
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SO |

' Greenroads" Summary

Presidio Parkway - Doyle Drive
Caltrans, CA

Potential Score* 43 ' &

Project Requirements 11/11
Environment & Water 4/21
Access & Equity 19/30

Construction Activities 5/14
Materials & Resources 4/23
Pavement Technologies 6/20 Greenroads
Custom Credits 5/10 PROJECT

0
[

*Does not include Project Requirements






