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EPA Mantra
• REDUCE

– Consume Less If Possible.

• RECYCLE
– Reuse Previously Produced Materials.

• REUSE
– Incorporate Materials Used in Other Manufacturing 

Processes Into the Work.



“Sustainable Development Triangle”
http://www.eoearth.org/article/Basic_concepts_and_principles_of_sustainomics

Environmental, Economic, Social
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Some Ways to Go Green:

• Recycled Materials (RAP, RAS)
• Warm-Mix Asphalt (WMA)
• In-Place Recycling (CIR, HIR, FDR)
• Reuse of Industrial By-Products

– Foundry Sands
– Fly Ash
– Slag
– Tire Recycling

• Long-Life Pavements <Reduce Materials>
• Pavement Preservation <Reduce>
• Permeable Pavements
• Sustainability Measures
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Overview Agenda

The Need for Environmental Stewardship
FHWA Recycled Materials Policy Overview

FHWA’s “3 E’s”
Research and Implementation Efforts

Recycling: RAP, RAS, In-Place Recycling  
Reuse: Foundry Sand, Slags, Tires,
Alternative Binders, Energy Savings: WMA

Partners, Additional Resources
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4 Million Miles of Roads
600,000 Bridges

160,000 mile National Highway System

Presenter
Presentation Notes
We have a vast transportation network spanning our country.Highways are the clearly the backbone of the entire network.  There are nearly 4 million miles of roads in the United States, and almost 600,000 bridges.  If you think of our  total investment in all public roads, streets, and bridges . . .  It is a huge amount: over $2 trillion.  Annual travel on these roads is estimated to be over 3 trillion vehicle miles per year.The map on this slide shows only a small – but vital - portion of the entire network: the National Highway System.  These roads have been identified as being essential to the functioning of our nation.  Our country relies on these roads for both economic and national security purposes, and for many other purposes. 46,610 miles of Interstate are shown in blue on this map.The public invested more than $130 billion to construct the Interstate system alone.We have a duty to preserve and properly maintain this entire system.
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Statistics We Should Know:

Federal = 3%
State = 20%
Local = 77%
2/3 are Paved (1/3 Unpaved)
94% of Paved have an Asphalt Surface

Presenter
Presentation Notes
We have a vast transportation network spanning our country.
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Demand for Materials

• Produce over 600 million tons of 
HMA annually & 85+ million SY of 
concrete for paving annually

• $70 billion capital outlay to maintain pavements
• Demand for aggregates considerable requiring an 

estimated 700+ million tons to meet annual 
demand (15%-25% of annual production)

Presenter
Presentation Notes
Construction aggregates make up 80% of total aggregate productionUse of construction aggregates is at 70-75% of total raw material demand in the United StatesDemolition generates over 200 million metric tons of recycled aggregates annually (100 each for asphalt and concrete)About 80% of the recycled aggregate is re-used where the primary use is in base material and as aggregate in HMA for lower volume roads.  The smallest percentage is in use for higher volume roadways.Recycled concrete supplies about 5 percent of the total aggregate production but is not used as much in structural concrete mix or asphalt.  
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Material Production Quantities - US

600

838

84.1

2690

100 100

0

500

1,000

1,500

2,000

2,500

3,000

Asphalt Concrete Steel Aggregate Recovered
HMA

Recovered
PCC

An
nu

al
 P

ro
du

ct
io

n 
 (to

ns
, m

ill
io

ns
)

2006

Presenter
Presentation Notes
Rehabilitation of aging infrastructureThere is a point where the demand for Recycled Asphalt and PCC may be greater than the supply.  
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FHWA Policy - 2002

• Recycled/Re-Use materials are viable resources

• Recycled materials should get 1st consideration

• Consider use of recycled materials early in the 
planning/design process

• Economic benefits should be considered in the 
material selection process

• Restricting the use of materials should be 
technically based

• Material should not adversely impact the 
environment and should perform as intended



Many Ways of Going Green

FHWA’s “3 E’s”
• ENGINEERING

– Use Good Engineering Design to Assure 
Long-Life Pavements.

• ECONOMICS
– Use Life-Cycle Cost Analysis for Project Selection.

• ENVIRONMENT
– Consider Recycling First
– Be Good Stewards of the Environment
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Why Recycle?

• Reduce project costs
• Conserve materials
• High quality aggregates unavailable
• Dwindling landfill space
• Increased disposal cost
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GREEN ASPHALT-RELATED
TECHNOLOGIES

• RECYCLING APPLICATIONS
• Reclaimed Asphalt Pavement
• In-Place Recycling

• REUSE APPLICATIONS
• FLY ASH / COAL ASH
• TIRE RUBBER
• SHINGLES
• SLAG
• FOUNDRY SAND

• Warm-Mix Asphalt
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Asphalt Pavement Recycling

The volume of recycled asphalt pavement is….
– 13 TIMES greater than recycling of newsprint
– 27 TIMES greater than recycling of glass bottles
– 89 TIMES greater than recycling of aluminum 

cans
– 267 TIMES greater than recycling of plastic 

containers
Source: APA
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What is RAP?

Aggregate ~ 95%

Asphalt Binder ~ 5%

Presenter
Presentation Notes
What is reclaimed asphalt pavement (RAP)?  It is a mixture of aggregates including crushed stone, and gravel and sand and asphalt binder, the glue that holds the mix together.  Aggregates make up about 95% of the mix by weight with asphalt binder the remaining 5%.
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Sustainability Considerations
Courtesy: Astec Industries

Presenter
Presentation Notes
As most people are aware, sustainability is a high priority for agencies and private owners.  RAP contains two valuable resources – asphalt binder and aggregate.  If we take this example here of 30 thousand tons of RAP and take it to the total amount of RAP that is available, 100 million tons, we would over 230,000 6,000 gallon transport trailers of asphalt binder and 94 million tons of aggregate.
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HMA Asphalt Pavement Recycling 
Expert Task Group

Advance the use of RAP in asphalt paving 
applications by providing highway 
agencies with critical information 
regarding the use of RAP, technical 
guidance on high-RAP projects, and 
direction on research activities.

The members consist of representatives from 
highway agencies, industry, and academia.

Website: www.moreRAP.us

Presenter
Presentation Notes
FHWA has established an industry working group called the recycled asphalt pavement expert task group or RAP ETG. The purpose of the RAP ETG is to provide critical information, technical guidance, and research direction for advancing the use of RAP in HMA.  Membership consists of representatives from government highway agencies, industry and academia.    More information about the ETG and RAP use can be found on the website at www.moreRAP.us.   The RAP ETG has several on-going Initiatives:State-of-Practice Information	AASHTO/FHWA survey by Cecil JonesBest practices for processing, storing, and using RAP	Draft Designing HMA mixes with high RAP 	NAPA/AASHTO/FHWA publication	NCHRP 9-46Applied research for assessing RAP mix characteristics	ARCHigh RAP field performance projects
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Recycled Concrete Aggregate
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Aggregate Hauling is longer…
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Cold In-Place Recycling

Milling, rejuvenating, and 
replacement of the top portion 
of the HMA surface (performed 
without heat)

Purpose
• Rework HMA to depth of 2 – 4 inches.
• Correct surface distresses.
• Improve profile, crown, and cross-slope.

Description

Presenter
Presentation Notes
Cold in-place recycling (CIR) is a process in which the top portion of the HMA surface is milled, rejuvenated, and reused on the existing pavement.  It is performed without heat and is generally used as a base course for a new wearing surface.  The reclaimed material is mixed with a new binder (usually a SS or MS emulsion) and additives to help restore its original properties, and may also be mixed with some virgin aggregate.  The resulting mixture is then placed back on the pavement as a base course, with a new wearing course (HMA or chip seal) placed later.CIR may be limited to the top few inches of the existing pavement, or it may include the full depth of the asphalt layer with or without some underlying base course materials.  However, the milling depth is limited to 50 to 100 mm (2 to 4 inches) to be considered as a preventive maintenance technique.The primary purpose of CIR is to correct surface distresses (raveling, corrugation, rutting, bleeding, friction loss, and minor cracking) that are limited to the upper portion of the pavement.  The process, however, can also be used to restore profile, crown, and cross-slope.  Distresses attributed to subgrade or base failures cannot be remedied by CIR.
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Hot In-Place Recycling

Milling, rejuvenating, and 
replacement of the top 
portion of the HMA surface 
(performed with heat)

Purpose
• Rework HMA to depth of 1 to 2 inches.
• Correct surface distresses.
• Improve profile, crown, and cross-slope.

Description

Presenter
Presentation Notes
Hot in-place recycling (HIR) is a process in which the top portion of the HMA surface (25 to 50 mm [1 to 2 in]) is heated, mixed with a recycling agent (and perhaps virgin materials), and reused on the existing pavement.  Commonly, 25% new material is used (some agencies are using 30 to 35% new material).The primary purpose of HIR is to correct surface distresses such as raveling, corrugation, rutting, bleeding, friction loss, and minor cracking.  Distresses attributed to subgrade or base failures cannot be remedied by HIR.  HIR can also be used to restore profile, crown, and cross-slope. There are three types of HIR techniques available:Heater-scarification is the earliest form of HIR and is a simple process in which the surface of the pavement is heated, scarified with a set of scarifying teeth, mixed with a recycling agent, and then leveled and compacted.The repaving technique heats the existing pavement and mills or scarifies it to a depth of 19 to 25 mm [0.75 to 1 in], and then mixes in a recycling agent.  This recycled material is then placed as a leveling course and is then followed with a hot mix wearing surface (either immediately or at some later time).The remixing technique removes a portion of the existing pavement and then mixes it with controlled amounts of virgin mix and/or rejuvenating agents in an on-board pugmill.  The resultant mixture is then placed as the new surface course.
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Fly Ash – Substitute for Cement

•Approximately 50% of US electricity is generated by 
coal-fueled power plants
•In 2003, over 110 million metric tons of CCP were 
produced
•38% beneficially used (42 mill. metric tons)
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Soil Stabilization

Increase the structural capacity of
sub-grades and road base.



2009 California 
Pavement Preservation 

Controlled Low Strength Material

CLSM using Class F fly ash

CLSM using Class C 
fly ash and sand
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TIRES

• What Can We Do With This Mess? 
– 280 million more scrap tires are generated annually.
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Tire Bales

• Block of Rubber
– 2.5’x 4.5’x 5’
– 2000  pounds

• 60% weight reduction 
over soil

• Permeable
• USES:

– Embankments.
– Slope repair and rock fall 

barriers.
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Ground Tire Rubber

• Performance 
Properties
– Cost effectiveness
– Added Benefit

• User Demands
– Noise abatement

• Sustainability
– Recyclable in HMA?
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Asphalt Roofing Shingles

• Factory rejects are recycled into high-quality 
pavements.

• Approved for use by North Carolina and 
Minnesota DOTs.

• Works well for industrial and commercial 
parking lots.
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Slag - Reuse

• A by-product of steel production
– Works especially well as Aggregate for 

high-volume roadways and/or
– High skid-resistance applications

• Indianapolis Motor Speedway
• Automobile manufacturers’ test tracks

– Meets requirements for use in Superpave 
Aggregates
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Foundry Sand

• Structural Fills & Embankments
• Flowable Fills – pipe/trench backfill
• Roadway Base material
• Cement feed stock

– Fine Aggregate for PCC
• Hot Mix Asphalt aggregate
• Soil Amendment
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Reuse of Industrial Byproducts

Millions of 
Tons per Year 
used in 
Highway 
Applications
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RMRC – User Guidelines for 
Byproducts and Secondary Use 
Materials in Pavement Construction
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• First public demo in US in 2004
• WMA projects have been completed in 40 States
• EDC (Every Day Counts) Goal: States encouraged to  

adopt permissive specifications

Warm Mix Asphalt
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Warm Mix Asphalt Benefits

• Savings in energy
• Decreased plant 

emissions
• Reduced exposure to 

fumes 
• Low/No odor

• Improved compaction
• Extended haul distances
• Extended paving season
• Higher RAP 

incorporation
• SAFETY
• Longer binder life?

www.warmmixasphalt.com
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Leadership in Energy and 
Environmental Design (LEED)

• LEED Green Building Rating System
– Developed by the U.S. Green Building Council

– Suite of standards for environmentally sustainable construction

– Since inception in 1998, LEED has grown to encompass more 
than 14,000 projects in the US and 30 countries.

– The hallmark of LEED is that it is an open and transparent 
process where the technical criteria proposed by the LEED 
committees are publicly reviewed for approval by the more than 
10,000 membership organizations 
that currently constitute the USGBC

http://www.usgbc.org/ 

Many Ways of Going Green



“Greenroads” – LCA in HMA
Please Note: There are Many Rating Systems, and FHWA does not endorse a national rating system.

Many Ways of Going Green
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Additional Resources

• Earth Day Webinar
• Key Websites
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EARTH DAY WEBINAR – 4/22/11

• Title: Putting EARTH DAY Into Practice On Our 
Nation's Roads and Highways

• Date/Time: 4/22/2011 - Time TBD
• Description: In-Place recycling technology

demonstration of sustainability, cost and 
performance for State, Local and Federal Agency 
Officials, Academia and Industry.

http://tinyurl.com/nhi-earthday
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Key Websites – 1/2

• FHWA Pavement Recycling -
www.fhwa.dot.gov/pavement/recycling/index.cfm

• Recycled Materials Resource Center -
www.recycledmaterials.org

• Green Highways Partnership
www.greenhighways.org

• USEPA Resource Conservation Challenge –
http://www.epa.gov/osw/conserve/rrr/imr/index.htm



Key Websites – 2/2

http://www.fhwa.dot.gov/everydaycounts/technology/asphalt

FHWA Every Day Counts Warm Mix Asphalt

http://www.sustainablehighways.org/

FHWA Sustainable Highways Self Evaluation Tool

Many Ways of Going Green



Recommended Reading

• http://www.recycledmaterials.org/tools/uguidelines/index.asp

User Guidelines for Byproducts and Secondary Use 
Materials in Pavement Construction

• http://www.dot.state.co.us/Publications/PDFFiles/epagrant.pdf
MATERIALS RECYCLING AND REUSE – FINDING 

OPPORTUNITIES IN COLORADO HIGHWAYS, October 
2007

• www.greenhighways.org

Green Highways Partnership Website/Newsletter

Many Ways of Going Green
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Private
Sector

Local
Governments

FHWA

Partnerships Are Required

Academia

State DOTs

Presenter
Presentation Notes
 I want to spend a moment speaking about the interrelationships that permeate our industry.  We clearly need to work in partnership to accomplish our goal of optimizing our transportation network.The organization that I am currently employed by, the Federal Highway Administration, manages the Federal-aid highway program – which is about $39 billion dollars for 2007. State and local governments own most of the roads in the US.When you add up all of the expenditures from all levels of government, we are currently spending about $130 billion dollars per year on our highway network! Because our roadway network is so large, our partnerships must also involve AASHTO, NACE, APWA, state and local elected officials, and the private sector contractors and industry organizations that have built most of  the roads under competitively bid contracts for States and local governments.
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Partnerships are Required

• 1 FHWA
• 52 State DOTs (including DC and PR)
• 3,034 County governments; 
• 35,933 Municipal, Town and Township 

governments.
• 4,140 Colleges and Universities
• ____ contractors/industry reps.

Presenter
Presentation Notes
In the 2002 Census of Governments, the Bureau of the Census identified a total 87,525 local governments.  Separated by the five categories used by the Bureau of Census, there are: 19,429  Municipal governments; 16,504  Town or Township governments;   3,034  County governments; 13,506  School districts; and 35,052  Special district governments.Source: http://www.nlc.org/about_cities/cities_101/142.aspxNumber of U.S. Colleges and Universities and Degrees Awarded, 2005   Number	Enrollment		Public 4-year institutions								629		6,837,605		Private 4-year institutions								1,845	4,161,815		Public 2-year institutions								1,070	6,184,229		Private 2-year institutions								596		303,826		Total 											4,140 	17,487,475 																			Undergraduate 14,473,884																Graduate 2,097,511																Professional 329,076Source: http://www.infoplease.com/ipa/A0908742.html



Many Ways of Going Green

FHWA Supports Pavement Recycling!

Presenter
Presentation Notes
Jason Harrington, FHWA Recycling Technology Engineer (Center), receives the Closing the Circle Award at the White House in 2008 for the FHWA Recycling Team.Also present were Pete Stephanos, Director of the Office of Pavement Technology and John D’Angelo, Asphalt Team Leader, and the two White House staff presenting the award.
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It’s Good to be GREEN!

Presenter
Presentation Notes
Jason Harrington, FHWA Recycling Technology Engineer (Center), receives the Closing the Circle Award at the White House in 2008 for the FHWA Recycling Team.Also present were Pete Stephanos, Director of the Office of Pavement Technology and John D’Angelo, Asphalt Team Leader, and the two White House staff presenting the award.



For More Information:
Stephen R. Mueller, P.E.

Pavement and Materials Engineer
Federal Highway Administration Resource Center

12300 West Dakota Avenue, Suite 340
Lakewood, Colorado 80228

Phone: 720-963-3213

E-mail: Steve.Mueller@dot.gov

THANK YOU!

mailto:Steve.Mueller@dot.gov�
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