Information Series 138

Asphalt Pavement

Industry Survey on
Recycled Materials and

Warm-Mix Asphalt Usage
2015

6th Annual Survey

_--\_

NATIONAL ASPHALT
PAVEMENT ASSOCIATION



This document is disseminated under the sponsorship of the U.S. Department of
Transportation, Federal Highway Administration, in the interest of information
exchange. The United States Government assumes no liability for its contents
or the use of the information contained in this document.

The contents of this report reflect the views of the contractor, who is responsible
for the accuracy of the data presented herein. The contents do not necessarily
reflect the official policy of the Department of Transportation.

This report does not constitute a standard, specification, or regulation.
The United States Government does not endorse products or manufacturers.

Trade or manufacturerds names may apHq
essential to the object of this document.

NAPA

NATIONAL ASPHALT
PAVEMENT ASSOCIATION

NAPA Building 0 5100 Forbes Blvd. 6 Lanham, MD 20706-4407
Tel: 301-731-4748 6 Fax: 301-731-4621
Toll free: 1-888-468-6499 6 www.AsphaltPavement.org
Publication Sales: napa-orders@abdintl.com ¢ Toll free: 888-600-4474
Tel: 412-741-6314 6 Fax: 412-741-0609

6" Annual Asphalt Pavement Industry Survey
IS 138
Produced March 2017

2| Information Series 138 (6th edition)



Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Reci pientds Catalog
Information Series 138 {6 edition)

4. Title and Subtitle 5. Report Date

Asphalt Pavement Industry Survey on Recycled MataiadsWarmMix March2017

Asphalt Usage: 2015 6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.
Kent R. Hansen, P.E., and Audrey CopeRhd)., P.E. 1S1386¢€)

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)

National Asphalt Pavement Association

5100 Forbes Blvd. 11. Contract or Grant No.

Lanham, MD 20706 DTFH61.3-H-00027

12. Sponsoring Organization Name anédddress 13. Type of Report and Period Covered
Federal Highway Administration Final Report 2015

Office of Asset Management, Pavement and Construction 14. Sponsoring Agency Code

1200 New Jersey Ave. SE FHWAHIAR20

Washington, DC 20590

15. Supplementary Notes

Cl2! 1 3INBSYSyld hFFAOSNNRAE wSLINBaSyidl GdA@dSY WSTT 2AGKSS

ax

16. Abstract
A shared goal of the Federal Highway Administration (FHWA) and the National Asphalt Pavement Association (NAPA) isatadsuy
promote sustainable practices, suchthe use ofrecyckd materialsand warmmix asphalt (WMA). The use of recycled mateyials
primarily reclaimed asphalt pavement (RAP) and reclaimed asphalt shingles (RAS), in asphalt paossemnvss raw materials and
reduces overall asphalt mixture cosés well ageducesthe stream of material goingpto landfills.

WMA technologies havieeen introduced to reduce production and compaction temperatures for asphalt mixtut@shreducesthe
energy needed and emissions associated with mix production. Additional benefits include improved compaction of asphatf mixt
leading to improved pgement performance, as well as a longer paving seadtMA was chosen for accelerated deployment in
federalaid highway, state department of transportation, and local road projects LJF NIi 2F Cl 2! Q& HAamn

The objective of thisurvey first conducted for the 2009 and 2010 construction seasim®, quantify recycled materialssed and
WMA produced annually by the asphalt pavement industrdocument the deployment of these technologies to understand where
they are being usedral where they are underutilizedResults show significant growth in the use of RAP, RAS, and Wi lkagies
since2009, althoughthe rate of yeafoveryear growth has generally slowed sir2@13

¢CKS FaLKFfdG AyRdzaidNE NI Yecyslgfwith nmoke $han®@dmeritdd i daimedvagpaalt paReinménk @iBgypiit
back to useThe averagpercentageof RAP used in asphaitixtures has increased frodb.6percentin 2009 to B.3percentin 2015.

In 2015 the estimated RAP tonnagised in asphaimixes was 74.tillion tons. This representsnore than3.7 million tons @1 million
barrels) of asphalt binder conserveaalong withthe replacement obome71 milliontons of virgin aggregate.

Similarly, the use of RAS in asphalt pavement mixturesntasased from 701,000 tons in 2009 to an estimated t@Bon tons in
2015, which is a slight (1pg&rcen) decline from RAS tonnage in 2014.

The combined savings of asphalt binder and aggregate from using RAP and RAS in asphalt mixes is estimatiddatdRdbillion.
More than 1.1Imilliontons of other recycled materials were reported as being incorporated into asphalt pavement mixtures duri
2015 construction season, included ground tire rubber, blast furnace slag, steel slag, and cilaisse

The estimated total production of WMA for the 2015 construction season was tiii@n tons. This was a greater tharp&rcent
increase from the estimated 113r8illion tons of WMA in 2014, and a more than gidrcentincrease from the estimate6.8million
tons in the 2009 construction season. WMA made up aboutthird of the total estimated asphalt mixture market in 2015.

Plant foaming, representing f&rcentof the market, is the most commonly used wamix technology; chemical additive
technologies accounted for a little more than @ércentof the market.

17. Key Words 18. Distribution Statement

Reclaimed asphalt pavement, reclaimed asphalt shingles, waisnasphalt, Norestrictions.
ground tire rubber, slagRAP, RAS, WM& TRrecycled materials

19. Security Classification (of this report) 20. Security Classification (of this page) | 21. No. of Pages 22. Price
Unclassified. Unclassified. 40 NA

Form DOT F 1700.7 (872) Reproduction of completed page authorized

Information Series 138 (6th edition)3



Table of Contents

IS Ao Y o] o] (=3 = (0] o L= P 5
EXECULIVE SUMIMIAIY. ...t i it iee e e e et e e et e eeeeeaaaaaeaaeeeeeeesesaasaaasaass e snsssnsesnssssssssnsnnnnnnseneneneereeeeeeeaeeees ] 6
= F 101 (0 [ (01U ] o [0 IO PP TP P PP PRRPPP PP 8
(@ oTT=To 1A ==V o IR o] o= PR PRPPRRRRR 8
S Y= A1 £ T o (o] (oo L 2P 9
SUIVEY RESUILS ...t e oottt e e e ook e e et e e e o e R R e e e e e e e e e b e e e e e e e e e e s b n e e et e e e e aannnnnreeaeens 11
Engineering Recycled gksalt Mixtures for QUAlItY............ooiiiii e e e e e e e e e 14
Reclaimed ASPRalt PAVEMENT. ... e e e e e et e e e e s n e e e e e e e s annrrnneeeeeeas 16
e B EY N )Y =T o T PP 17
L B T ) Y] = PR 18
Y Y (o011 o 1= PP E PP PPPPPR 20
e e = ox 1 o g 11 TSP 21
RAP REJUVENAION USE ... iiiiiiiiie ittt e et e e e e e e st e e e e e e e o aa kb e et e e e e e s e s s bbb et e e e e e e snbbeeeeaeeenannsbnneeeeeans 22
Reclaimed ASPhalt SNINGIES. ... e et e e et e e e e e e e e e e e ee s e e e s s aa s e s e s e saseanteereaarsaseerenennes 23
RAS USE DY SECLQL......eeeiiiiiiiiiitii e ettt e e e e ekttt e e e oo sttt e e e e e s s s b e et e e e e e e s bbb e e e e e e s aans b b e e e e e e e e s nnnnnneeeas 23
RAS USE DY SEALE....eeiiiiiiiiiiii ettt e et e e e e oot et e e e e s e e e e et e e e e e e b bbb et e e e e e e bnne e e e e e e e sanbrenreeeeeann 25
Presumed RABINAET BIENUING. ... ..uutiiiiiiiiiiiie ettt e st e e e et e e e e s s s bbb e et e e e e e b e e e e e e e e s nnnene s 27
Cost Savings From RAP and RAS........e e e e e e e e e e e e e e e e e e e 28
WATHMIX ASPREIT. ...t e e e e e e r e e e e e e e s a e e et e e e e e s s bbb e e e e e e e e s nbbe e e e e e e e ennnees 29
WWIMA USE DY SECLOL.. ...ttt e e e e e e e e ettt eeeeaaaaaaaeeeaeetaeassaassaaa s s aaaaaseeseesesebsssansseesaeeeeeeeaeeaaaaaaaaaaaaaens 29
AL N B EY N o) =) = (=PRI 30
LTAV L N =T a1 o] To o TSP POPPP 31
Other RECYCIEU MALETIALS.......... ettt e e e e e e e e e e e bbb e e e e e e e e e bbb e e e e e e e e annnnneeeeas 32
GrouNd Tir€ RUDDET......oo o et e e e e ettt e e e e e e e e bt e e e e e e s sbataeeeeeeaannsnnneeeaenn 32
Steel & BIASt FUIMACE SIAQ.......uuuuiiiiiiiiiiiiiiieeeeee ettt e bbb e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaens 33
Other RECYCIEA MALEIIAIS...........coi it e e e e e et e et e e eaeeaeeeeeeeeeeeesssassasaaasassnserssesrsnasseressnnsenes 35
SUMMANY NG CONCIUSIONS. .....eeiiiiiiiee ettt e ettt e e e e et e e e e e e e b bt e e et e e e e s sbb b e e e e e e e aannnneneeaeeeeannnees 36
S (=T =] o LSRR 39

Suggested Citation:

Hansen, K.R., & A. Copeland (20Annual Asphalt Pavement Industry Survey on Recycled Materials andMiarysphalt Usage: 2@16th
Annual SurveylS 138). National Asphalt Pavement Association, Lanham, Maryland.

4| Information Series 138 (6th edition)


file:///C:/Users/CRoss/Dropbox/work/--%20High%20Priority/NAPA%202015%20RAP_RAS_WMA_Survey_Draft2-170119_FHWA2%20TCR%20KRH.docx%23_Toc476064065

List of Abbreviations

AASHTO American Association of State Highway and Transportation Officials
CCPR Cold Central Plant Recycling

CIR Cold InPlace Recycling

CRM Crumb Rubber Modifier

DOT Department of Transportation

FDR FullDepth Reclamation

FHWA Federal Highway Administration

GTR Ground Tire Rubber

HIR Hot InPlace Recycling

HMA Hot-Mix Asphalt

MWAS Manufacturing Waste Asphalt Shingles

NAPA National Asphalt Pavement Association

NCAT National Center for Asphalt Technology
NCAUPG North Central Asphalt User/Producer Group
NEAUPG North East Asphalt Usd?roducer Group

NSA National Slag Association

PCAS PostConsumer Asphalt Shingles

PCCAS Pacific Coast Conference on Asphalt Specifications
RAP Reclaimed Asphalt Pavement

RAS ReclaimedAsphalt Shingles

RMA Rubber Manufacturers Association

RMAUPG Rocky Mountain Asphalt User/Producer Group
SAPA Stae Asphalt Pavement Association

SEAUPG Southeastern Asphalt User/Producer Group
UPG User/Producer &up

WMA Warm-Mix Asphalt

On the Cover
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Executive Summary
Theresults of the asphalt pavement industry survey for 204 5construction seasoshow that asphalt mix producers haze
strong record of employing sustainable practices aodtinueto increase their use of recycled materials and wamimx
asphdt (WMA).The use of recycled materiafgarticularlyreclaimed asphalt pavemefRAP) andeclaimed asphalt shingles
(RAS)conservaeraw materialsand reducsoverall asphalt mixture costallowing road owners to achieve more roadway
maintenance and construction activities within limited budg&8vA technologiesanimprovecompactiongensuring
pavementperformance and lontife; conserve energyeduceemissions from gppduction and pavingperations;and
improve conditions for workers.

The objective of thisurvey first conducted for the 2009 and 2010 construction seasaas, to quantify the use of
recycled materialsprimarily RAPand RASas well aghe production ofWMA by the asphalpavement industryFor the
2015 construction seasorh National AsphaltPavementAssociation(NAPAXonducted a voluntary survey of asphalt
mixture producersacrosghe United State®n tons produced, along with a surveystdite asphaltpavement
associdions (SAPAskgarding total tons of asphalt pavement mixture produced in their state.

Asphaltmix producers fromi8 statesand one territorycompleted the2015 construction seasosurvey. A total o214
companies/branches witt,119 plantswere represented in the survey.

The following are highlights of treurveyof usage duringhe 2015 construction seasan

T ALKl f G YAEGdZNBE LINPRdzZOSNA NBYI AY (KS @eRcdnjofiabihald Y 2
mix reclaimedfrom old asphaltpavemens being put back to usi new pavements

1 The total estimated tons of RAP used in asphalt mixes reachednifi¢h tons in 2015. This is a nearly
3 percentincrease from the 2014 construction season, and represents a greater thagr&2ntincreasefrom
the total estimated tons of RAP used in 2009. During the same time frame, total tonnage increased only
1.8percent

1 The percenof producers reporting use of RAP decreased slightly fromp&@gentof respondents in 2014 to
99 percentin 2015.Three producers reported landfilling small amount oRAP during 2015.

1 RAP usage during the 2015 construction season is estimated to have reduced the neednitiod.tbns
(21 million barrels) of asphalt binder and nearly 70nfliontons of aggregatewith an estimatedvaluein excess
of $2.4billion.

1 The total estimated amount of RAP stockpiled nationvatithe end of the2015construction seasowas
85.1milliontons.

9 Fractionated RAP represents ab@Btpercentof RAP useationwide, and the tons dRAP mixtureproduced
using softer bindesare estimated at24 percentwhile tons producedising rejuvenators is estimated at
3 percent

1 The total estimated tons of RAS used in asphalt mixes decreased slighperdef) to an estimated
1.93milliontons in 2015. Stilthe use of RAS in the 2015 construction season increasedetzbntfrom the
estimated 701,000 tons used in asphalt mixtures in 2009.
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RAS usage during the 2015 construction season is estimated to have reduced the need for 386,200 tons
(2.1 million barrels) of asphalt binder and nea#$5,500tons of aggregate, with an estimated valueatout
$194million.

Cther recycledmaterialscommonly usedn asphalt mixturesluring the 2015 construction seasarere ground
tire rubber,blast furnace slag, steel slaand cellulose fiberd.ess commonly used recycled materialasphalt
mixturesincludedfly ash and foundry sand

The estimated total production of WMA for the 2015 construction season was i@ tons. This was a
greater than 5percentincrease from the estimated 113r8illion tons of WMA in 2014, and a more than
614 percentincrease from the estimated 1618illion tons in the 2009 construction season.

WMA made up about onhird of the total estimated asphalt mixtunmarket in 2015.

Plant foaming, representing f&rcentof the market, is the most commonly used wamix technology;
chemical additive technologies accounted for a little more thap@sentof the market.

Information Series 138 (6th edition)7
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Background

Ashared goal of the Federal Highway Administration (FHWAjtenlational Asphalt Pavement AssociatibiAPA is

to support and promotesustainable practicesuch asncorporaton of recycled materials in pavementixtures andthe
use ofwarm-mix asphalt\WWMA). Reclaimed asphalt pavemerRAR is recycled at greater rate than any other material
in the United States antielpslower overallmaterialcosts allowing road owners to aahe more roadway maintenance
and construction activities within limited budge®&nother recyclednaterial usedn asphalt mixtures iszclaimed
asphalt shinglesRA$from both manufactuingwaste(MWAS)and postconsumerasphaltshingle§PCAY The use of
RAP and RAS asphaltpavementscanreduce the amount of newasphalt binder and aggregatesquiredin mixes,
whichcanhelp stabilize the price of asphalt mixturasd save natural resourceSther recycled materialksommonly
incorporated intoagphalt pavements includground tire rubber (GTR), steel slatast furnace slagand cellulose fibers,
among othersBYy puttingwaste material@and byproductgo a practical usethe asphalt pavement industry helpsduce
the amount of material goingotlandfillswhile improving the sustainability of asphalt mixtures.

WMAtechnologies redue the mixing and compactiadiemperatures for asphalt mixtureEnvironmental benefits

include reductions in both fuel consumption and air emissions. Construgéinefitsinclude the ability to extend the

paving season into the cooler months, haul material longer distaigsove compactionand use highepercentags

of RARProwell et al., 2012)As part of FHW®@original group oEvery Day Counts initiatiseVMA was chosem 2010

for accelerated deploymerih federalaid highway state department oftransportation (DO)[ and local road projects
(FHWA,2013L Yy HnamMo3X 2a! gl & K2y2NBR 6A0GK (GKS [/ 2yaiaNyzOiArzy
ecanomic, and environmental benefits (CIF, 2013).

FHWA works closely with the pavement industry through associatindsther stakeholders to promote pavement
recycling technologies and WMRArom2007to 2011 the American Association of State Highway and Transportation
Officials(AASHTQJonductd a biennialsurvey ofstate DOR @se ofrecycled material§Copeland, 2011; Copeland et al.,
2010; Pappas, 201LI)he results of the AASHTO survwere presented at-HWA Expert Task Group meetirfgldWA
partners withNAPAo documentindustry use of RAP, RASherrecycled materialsas well a8WMA technologiesised

by asphaltmix producess. Theseefforts have established a baselifer RAR RASand WMAusage, and havetracked
growthin the use of these sustainable practices in the highway indsitige 2009

FHWA has partnered with NAPA to capture annual RARaRAB/MA use starting with the 2009 construction season
(Hansen & Newcomb, 2011; Hansen & Copeland, 2013a; 2013b; 2014; 2015). Compared to the findings of the first surve
(Hansen & Newcomb, 2011), asphalt mix producers have shignificant growth in theise ofthesetechnologies

although the yeaoveryear rate ofgrowth has slowed since the 2013 construction seaSamce 2012, the survey has also
asked about other recycled materials used in asphalt mixtdreis. report documents #results of theindustry surveyor

the 2015 construction seaspimcluding the survey methodology, results, trendsd changes from 2009 throug@i®15.

The surveyjuestionsand data by state are includedtime appendces.

Objective and Scope

The objective of thigffort is to quantify the use afecycled materialsnd WMAtechnologiesby the asphalt pavement
industry.During 2016NAPAconducteda voluntary survey of asphalt mixture producers in theted Sateson tons
produced along with a surveyf state asphalt pgement associationsSSAPAsregarding total tons of asphalt pavement

8| Information Series 138 (6th edition)



mixture produced in their statduring the 2015 construction seasdfivhile keeping specifiproducerdataconfidential,
NAPA staftompiledthe amount of asphalt mixtures producgitie amount of RAPRASand other recycled material
used andthe amount of WMA produced in therlited Sates. Not measured in this survey is the use eplace asphalt
pavement recycling techniques, such as-fi@pth reclamation (FDR), coldatace recyctig (CIR), and hot-place
recycling (HIR). Some cold central plant recycling (GEZPRRFnay be included in Table 5 among the tons reported as
a sed inCthere or & sed inCold Mix.€

Survey Methodology
The dataare analyzed and summarizedthis report. Toaccomplish thisvork, the following tasks were conducted

1. Developan onlinesurvey that enablgan analysis of the quantities ofcycled materialdeing used in asphalt
mixtures as well as the total amount 8/MA producednationally.

2. Conduct avoluntary survey of asphalt mix producers throughout theted Satesand follow up with verbal
requests for information in locations where responses were low.

3. Estimate the totahsphalt mixturemarket in each state or territory by using dateovided bySAPAsand the
U.S Department of Transportatiofederataid highway apportionmento determine a weighting factor for
each state and recongilg the total US asphalt mix tonnage with national estimates.

4. Analyze andummarize the informatiomationally aml bystate and preparea finalreport.

The survey was conducted using@nlinesurveyplatform, SurveyMonke® Table 1 summarizes the questions asked in

each section of the surve$ections 1 through Bave remained consistent from the 2009 to 2014 construction seasons.
Additional questions (highlighted in yellow in Table 1) were added to Sections 2 through 4 for the 2015 construction seas
to gather additional information about the use of RAP, RASYMA. Section 5 was added in the 2012 construction

season survey toollect information on the use of other recycled material in asphalt mixtifes2015, the Section 5

guestion asking about specific recycled materials was modified to replace onprasafed response with cellulose fiber.

A copy of the survefprm used to gather information for the 2015 construction seasgrovidedasAppendix A.

Producers were notified of the survey through several forums and electronic media. A notice was pasted ih Q a
e-newsletter,ActionNewsinforming members of the survey and asking for their participation. SAPAs solicited
participation by placing notices on their websites and in their newsletters. Announcements were made at NAPA
meetings, as well as at seatistate asphalt conferences. A press release was sent to construction industry trade media,
and was published in print and online. Notices of the survey and links were shared through social media channels,
including Twitter, Facebook, and LinkedIn.

Asphal mixture producers then went to the SurveyMonkey website to complete the survey form. Some producers
submitted PDF forms and the data were entered into SurveyMonkey by NAPA. Some multistate producers submitted
data using a spreadsheet developed by NAR&r ghe initial data was gathered and analyzed, anomalies in individual
producer records were identified and reconciled.

To determine the estimated total amount of RAP and RAS used and WMA produced nationwide and in each state, the to
amount of asphaltnix produced in each state needed to be determined. Total tonnage of asphalt mix produced represents
both commercial (i.e., private sector) and governmental (i.e., DOT and Other Agency) tonnages. Estimated tonnages for
each sector were provided by SAP#&s33 states/territories, totaling about 294illion tons. This includes one SAPA that
supplied an estimate of D@hly tonnage. For this one state, total tonnage was estimated by dividing the DOT tonnage
provided by the SAPA by the percent of DOT tonentef through the survey by asphalt mixture producers in that state.
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Tablel: Survey QuestioaSummary(QuestionsAdded in 2019Highlighted in Yellow)

Section 1: General
Information

Section 2: RAP

Section 3: RAS

Section 4: WMA

Section 5: Other Recycld
Materials

Number of Plants

Tons Accepted

Tons Unprocessed
Shingles Accepted

Average % Produced fo
DOT Tons

WereOther Recycled
Materials Us€W/N)

Tons Processed

Average % Produced fo

Other Recycled Material
Used (GTR, Steel Slag,

DOT Tons Tons Used in HMA/WM{ . Blast Furnace Slag,
Shingles Accepted Other Agency Tons Cellulose Fiber, Up to T
UserProvided Response
Average % Produced fol Tons of HMA/WMA
Other Agency Tons | Tons Used in Aggregate Tons Used in HMA/WM/4 Commercial & Residenti| Prodiced Using Each

Tons

Recycled Material

Commercial &
Residential Tons

Tons Used in Cold Mix

Tons Used in Aggregate

Chemical Additive %

Tons oEachOther
Recycled Product Used

Tons Used in Other

Tons Used in Cold Mix

Additive Foaming %

Tons Landfilled

TondJsed in Other

Plant Foaming %

Average % for DOT Mix

Tons Landfilled

Organic Additive %

Average % for Other
Agency Mixes

Average % for DOT Mix

Were WMA Additives Us
to Produce Mixtures at
HMA Temperature$\)Y

Average % for Commerg
&Residential Mixes

Average % for Other
Agency Mixes

Excess RAP/Y)

Average % for Commerg
& Residential Mixes

Percentage of
RAP Fractionated

Excess RAS/YY)

Percentage of
RAP Mixtures Using Sof
Asphalt Binder

What Sectors Allow RAS

Percentage of
RAP Mixtures Using
Rejuvenators

Estimatedercenof
RAS Binder Blending wi
New Asphalt Binder

Tons of RAP Stockpiled

To estimate the total tons in stateghere a SAPA estimate of total tonnage was not availabpmwer curve
relationship based on an examination of the relationship betw8S& Aestimated tonsandfederalaid highway

apportionmentfor those statesvas determinedresulting in Equation.This is the same methodology used to estimate

tonnage inprevious versions of thisurvey and is detailed ilansen & Newcom(2011).

Total Estimated TonsG:0784x (State Federal ApportionmefRff>8

[1]

Appendix B and certain tables in this report detail survey responses and estimated values orbg-statie basis. To

keep specific producer data confidential, no stapeecific information is provided in the tables or appendix if fewer than

three producers fronthe state responded to the survey. Information from states with fewer than three responding
companies is included in the estimated national values, however.

10| Information Series 138 (6th edition)



Survey Results

contributed data for 2015A total of214companies/branches witth,119plants are represented in th2015survey.This
is down slightly from the 2013 and 20&dnstruction seasoBurveys, butis equal b or greaterthan other construction
seasonsurveyed. While thetotal number of companies/branches and plants represeritethe surveydecreasedthe
total tons reported increased froh51.0million to 152.8milliontons. This may be due to a slight increase in total
asphalt mix production angroducersshutting downsomelessproductive or lesgfficient plants.Table2 summarizes
the number ofasphalt mix productiomompanies/branches antthe number of plants repding for each stateTable 3
summarizes the totahumber of plantgespording inprevious years

Table2: No. of Companies/Branches Completi@@15 Construction SeasoBurveyby State

34 6 44 4 67
* * 5 13
[ Maine B 4 | 12
6 17 8 33
6 4 13 * *
4 5 38 * *
4 727 5 10
* * 3 18 NCR NCR
* * 4 8 56
NCR NCR * * 8 52
6 35 * * NCR  NCR
* * * * 8 21
NCR NCR 3 1 * *
B i 739
6 NCR  NCR 5 30
15 12 72 3 13
| Indiana [ 8 56 3 &7
6 * * * *
4 NCR  NCR

Z
O
Py
|
Z
o
o
3
S
)
=)
®
@
W
)
>
(@)
%
)
g,
)
5
@

* = Fewer than ompanies/Branches Reporting

Table3: Summary of JurisdictionéStates or Territories)Companies/Branchg, and Plarg Represented2009;2015

Year . . .
Reporting Reporting in Survey Produced per Plant
48 196 1,027 121,000
48 196 1,027 117,000
49 203 1,091 121,000
49 213 1,141 122,000
52 249 1,281 115,000
50 228 1,185 127,000
49 214 1,119 137,000

Table 4 includestate-by-state 2015 construction season totaktimated tonnageas estimated by the SAPA or from
Equation ]1tonnagereported bysurveyrespondentsandthe percentof reportedtonsincluded inestimated tons The
Of 2 a S NJpérceritagds to 3aWsindicatesthe completeness afeported tonnagecompared toestimated tonnage.
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At the national levelthe surveyresponses make up 4rcent of the estimated total tons fahe 2015construction

season

Table4: Summary oR2015Estimated and Reported Plant Mix Asphalt Tons by State

Tons, Millions | Reported %

Estimated | Reported | of Estimated

Tons, Millions

| Reported %
Estimated | Reported | of Estimated

Alabama Montana 4.08 * *
Alaska Nebraska 3.03 * *
Arizona Nevada 3.53 * *
Arkansas New Hampshire 1.77 1.30 73%
California New Jersey 8.66 * *
Colorado New Mexico 3.50 NCR NCR
Connecticut New York 16.80 7.22 43%
Delaware North Carolina 11.00 5.93 54%
District of Columbia North Dakota 3.04 * *
Florida Ohio 17.4 11.01 63%
Georgia Oklahoma 6.28 2.06 33%
Hawaii Oregon 4.85 1.67 34%
Idaho Pennsylvania 19.42 4.60 24%
lllinois Puerto Rico 1.00 * *
Indiana Rhode Island 2.28 * *
lowa South Carolina 5.45 1.66 30%
Kansas South Dakota 2.05 NCR NCR
Kentucky Tennessee 7.76 5.50 71%
Louisiana Texas 20.00 8.27 41%
Maine Utah 3.49 3.26 93%
Maryland Vermont 2.10 * *
Massachusetts Virginia 12.50 6.75 54%
Michigan Washington 5.34 3.47 65%
Minnesota West Virginia 3.50 1.72 49%
Mississippi Wisconsin 11.00 8.15 74%
Missouri Wyoming 259 * *
364.91 | 15279 42%

NCR No Companies Reporting
*  Fewer than 3ompaniesBranchesReporting
A Total Reported Tons includes values from state with fewer than 3 Companies/Branches Reporting
SAPA Estimated Tons

Figurel shows thenumber of plantsas well as the average tons produced per plaeparated byJser/ProducerGroup
(UPGYegion.While the number of planteesponding fromeach UPGegion @part fromthe North East Asphalt

User Producer Group)Xecreasedrom the 2014 to 2015 construction seasohettonsper plant forall UPGéncreased
Sgnificant increasewere notedfor the North Central Asphalt User/Producer Group (NCAUPGINartt East Asphalt
User/Producer GroufNEAUPGdegions
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Number of Plants Responding to Survey by

AU PECAS User/Producer Group
Year | Plants | Tons/Plant NCAUPG
2009 | 208 118,000 Year  Plants  Tons/Plant NEAUPG
2010 208 112,000 2009 339 106,000 Year Plants | Tons/Plant
2011 179 124,000 2010 239 106,000 2009 232 123,000
2012 161 113,000 2011 311 114,000 2010 232 122,000
2013 212 110,000 2012 298 116,000 2011 195 115,000
2014 | 202 122,000 2013 377 123,000 2012 | 252 119,000

2015 186 123,000 2014 374 136,000 2013 258 111,000
2015 324 152,000 20l e | Lesiid
2015 | 207 | 137,000

SEAUPG
Year | Plants | Tons/Plant
2009 348 106,000
2010 348 106,000
2011 406 114,000
2012 430 116,000
8 2013 434 113,000
M- 29 2014 416 125,000
5 AN 2015 402 129,000
=2 ’ D =

Figurel: Number ofPlants Responding toSurvey by User/Producer GrouRegions
and Estimated Tonnage 2009;2015

Table Ssummarizes the RARASand WMAdata from the2015 construction seasosurveyalongside data from the

2014 construction season survdiansen & Copeland, 28)lfor comparisonThe informatiorrequestedin the survey is
summarized in Tablg and detailedn AppendixA.¢ KS 02 f dzYReépoftdd ¥afuésih Rablé Sare national

summaries of the values from asghmixure producers completing the surve§. K S 02 f dzYBStimateddabidsS R &
fortheOl G S 32 NETonk of BINAIVAVA Pribducédvere determined autlinedin the Survey Methodology.

For the amount of RAP acceptephalt mix producersere askedt | 2 6 Yl yeé G2ya 2F NBY2JSF
asphalt millings were accepted/delivered to ydacilities in the state in 206¢ C2 NJ G KS | Y2dzy G 2 F
producerss SNB | a1 SR a1 2¢ Ylye (2ya 2imgwdsie bidpddrsimsfardffi Ay 3t S
were accepted/delivered to youacilities in the state in 2016 &or the 2015%onstruction seasomroducers were also

asked how many tonsf processedRASvasacquiredfrom shingle processor¥hese data are reported in Table 5 as the
tonnage of material accepted. Producers were also asked the tonnage of RAP and RAS used in the production of asph
pavement mixturs, cold mix asphalt, as aggregate, or for other purposes, suithaaship sealThe tons of reclaimed
material sent to landfis was also requested.

For each state, the tons of RAS and RAP reported as accepted and used were multiplied by the ratio of estimated
production to total production, and these values were summed to arrive at the national estimated tons for these
materias> g KA OK A& NBLER2NISR Ay (GKS a9adAYlFIGSR +FfdsSaé¢ O2f
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To understand the averageercentageof recycled material used in mixes, producers were as&eadport the average

recycled content of mixes produced for each sector (B@ffer AgenciesCommercial &Residential) If precise data

was not available, respondents were asked to provitkr best estimate¢t KSa S NBalLl2yasSa I NBE NB
22 V' ASR AY aAES&a¢ aSOlGA2y 2F ¢lFo6tS p 7T 2eMtimatésdfsettofdy- w! { &

sectorpercentags, a éNational Average All Mixes Based on Tons Used in HMA&MMA calculate@nd reportedin

Table Sor both RAP and RABsed on reported tonageof eachmaterial used in HMA/WMA mixes divided the total

reported tons producedProducers were not asked about allowable Riits or binder replacement requirements,

which caninfluencedemand for mixes that incorporate these materials.

Producers were asked to give thbest estimate othe percentof asphalt paving mixtusgproduced for each sector
whenWMAtechnologyresulted inatemperature reduction of 10°F to 100°F. Thesecentags were multiplied by the
total mix production for each sector to determine the total estimated tons of Mdoduced for each sectofhe
survey methodology was designed so that only mixes produced at reduced temperatures are refmrtedVMA
additives arealsoused for construction benefits unrelated to the goal of reducing production temperatthesefore,
for the 2015 construction seasoproducers were also asked if they used WMA addittegproduce mixtures at HMA
temperatures.

Engineering Recycled Asphalt Mixtures for Quality

For more than threelecades, two guiding principles of asphalt recycling have been: 1) mixtures containing RA
should meet the same requirements as mixes with all virgin materials, and 2) mixes containing RAP should
perform equal to or better than virgin mixtureShisisati KS KSIF NI 2F (GKS G¢KNBS ¢
that recycled materials should provide Environmental, Economic, and Engineering benefits.

Quality recycled mixes have been successfully designed and produced for many years. The proof is in
performance a recent study comparing the performance of recycled versus virgin mixes based eherong
Pavement Performance (LTPP) data from 16 U.S. states and two Canadian provinces shows that overlays
containing at least 3percentRAP performed equal to overlaysing virgin mixturesGarvalho et al., 2010;
Westet al., 201). At the NCAT Test Track, test sections containinueb@ntRAP using standard Superpave mix
design procedures for each layer outperformed companion test sections with all virgin matea#dlpavement
performance measures.

However, as the amount and mix of recycled materials in asphalt pavement mixtures increase, additional
considerations for material handling, mixture design, and quality testing become more important. In particula
RAPand RAS should be tested and classified to determine the amount and qualities of available asphalt cem
The absorbability of RAP aggregate should also be tested and determined. These values have an impact on
pavement performance and are important tos&ss when developing a high recycled content mix design. In so
cases, it may be necessary to make use of rejuvenators or a softer asphalt binder to ensure the final mix deg
delivers the desired level of product performance.

For more information abouprocessing and using reclaimed asphalt pavement and recycled asphalt shingles,
consult the NAPA publicatiddest Practices for RAP and RAS Manage(@amlity Improvement Series No. 129)
(West, 2016).
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Table5: Summary of RARRAS, WMAata

Reported Values

Estimated Values

2014 | 2015 2014 | 2015
Tons of HMA/WMA Produced Tons, Millions Tons, Millions
Total 151.0 152.8 352.0 364.9
DOT 68.7 68.5 160.2 163.6
Other Agency 38.9 40.0 90.7 95.5
Commercial & Residential 43.3 44.3 101.1 105.8
Companies/Branches Reporting 228 214
RAP Tons, Millions Tons, Millions
Accepted 33.8 33.2 75.8 78.0
Used in HMA/WMA 32.2 32.7 71.9 74.2
Used in Aggregate 2.9 1.7 8.5 5.5
Used in Cold Mix 0.1 0.1 0.2 0.2
Used in Other 0.2 0.4 0.6 1.6
Landfilled 0.1 0.4 0.2 1.0
Avg. % Used in Avg. % Used in
Mixes Mixes
Average % for DOT Mixes? 19.6% 17.8%
Average % for Other Agency Mixes? 19.8% 18.2%
Average % for Commercial & Residential 22.7% 22.3%
National Average All Mixes Based on RAP Tons Used in HMA/WMA? 21.3% 21.4%
Companies/Branches Reporting Using RAP 228 211

RAS Tons, Millions Tons, Millions
Unprocessed Shingles Accepted 0.692 0.456 1.664 1.129
Processed Shingles Accepted N/A 0.375 N/A 0.842
Used in HMA/WMA 0.809 0.819 1.964 1.931
Used in Aggregate 0.018 0.004 0.043 0.009
Used in Cold Mix 0 0 0 0
Used in Other 0.002 d 0.006 )
Landfilled s) 0 0 0

Avg. % Used in Avg. % Used in
Mixes Mixes
Average % for DOT Mixes? 0.72% 0.76%

Average % for Other Agency Mixes?

0.95%

0.88%

Average % for Commercial & Residential

National Average All Mixes Based on RAS Tons Used in HMA/WMA?2

1.47%

1.06%

1 Average percentbased on cont rpexcenmage foseach septar.r t e d

Companies/Branches Reporting Using RAS 87
% of Total
WMA Production Tons, Millions
DOT 37.8% 37.4% 56.9 60.9
Other Agency 34.9% 34.0% 28.4 28.5
Commercial & Residential 29.4% 34.3% 28.5 30.4
Total 113.8 119.8
% of WMA
Production
Chemical Additive % 15.0% 25.2%
Additive Foaming % 0.0% 2.1%
Plant Foaming % 84.5% 72.0%
Organic Additive % 0.5% 0.7%
Companies/Branches Reporting Using WMA 174 166

2 Average percent based on total reported tons of RAP or RAS used in HMA/WMA divided by reported total tons HMA/WMA produced.

Information Series 138 (6th edition)15



Reclaimed Asphalt Pavement

Table 5 includes theationalsummary of RAP data from the 204Ad 2015 construction seas@urveys. The

information requested in the survey detailedin Appendix A and summarized in Tabl&gction 2Statelevel data is

reported in Appendix Brigure 2 is a visual representation of the estimated total tons of RAP used in asphalt mixes,
aggregate, cold mixgndother usesas well as the amounandfilled from the 2009 to 2015 onstruction season

surveys The overwhelming ajority of RAP is used in hotix asphalt (HMA) or warmimix asphalt (WMA), which is the

most optimal use of RARhe tons used in cold mix data may include some cold central plant recycling of RAP, but is not
intended to record the use of iplace recyclig technologies.

Fromthe 2014 to 201%onstruction seasgrthe amount of RAP used in HMA/WMA increased from iill8on to

74.2million tons. The averagpercentRAP used in mixekecreasedrom 20.4 percentin 2014 to 2.3 percentin 2015.

For 2015, 9ercentof companiethranches responding to the survey reported using RAP. This is a very slight decrease
from the 100percentof companies/brancheseporting using RAP in 2013 and 2014.

Placement of RAP oonstruction and demolitiotandfills is rare. iice the beginning of the survey in 2Q®9e average
amount of RAP landfilled is less than 150,000 tons per ye@r2@ercent For 2015the amount of RAP landfilled
increased significantly tofdercent It should be noted that only three producers mped sending RAP to a landfill.

90.0
c 70.0
i)
= 60.0
S
g 50.0
2 40.0
o 30.0
<
o 20.0
10.0
0.0
2009 2010 2011 2012 2013 2014 2015
H Accepted 67.2 73.5 79.1 71.3 76.1 75.8 78.0
® Landfilled 0.1 0.0 0.3 0.2 0.1 0.2 1.0
® Used in Other 0.7 0.8 0.7 0.2 15 0.6 1.6
M Used in Cold Mix 1.5 1.6 0.2 0.2 0.2 0.2 0.2
® Used in Aggregate 6.2 7.3 4.9 3.6 4.0 8.5 55
® Used in HMA/WMA 56.0 62.1 66.7 68.3 67.8 71.9 74.2

Figure2: Comparison of Tons of RAP Accepted and Tons of RAP d&dexhdfilled(Million Tons) 2009;2015
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RAP Use by Sector

ALKt G LI @SYSyid YAE LINE RdzOS NE Qsedhodzdhé @ivae betor Comperaial®. RA &)
Residentigland the public sector (DOT Other Agency @ ¢ KS & h 8ekt&iNdludled Sy piobduced for public

works agenciesncludingcity, county,andtribal transportation agencies, as well as the U.S. military and federal
agencies, such as the Federal Aviation Administration, National Park Service, and U.S. Forest Service.

Figure3 showsthe total estimated amount of RAP usedeiachsector.These values were calculated using the average
percentags of RAP reporteldy producerdor eachsector and adjusted to account for differersdmetweenreported
RAP tonageand tons calculated frorthe percentige by sector.

Figure4 shows the averagpercentageof RAP used by each sectord totalpercentageof RAP usedlheaverage
percentRAP used ball sectorshasseen variable growtfrom 2009 to 20%. The change in totgbercentageof RAP use
has seen a decreased growtite from 2009to 2015. The growth ratalecreagd from 1.8percentbetween 2009 and
2010 to 0.1percentbetween2014and2015.

35
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S 20%
E 25 18%
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15 12%
10%
10 2009 2010 2011 2012 2013 2014 2015
2009 2010 2011 2012 2013 2014 2015 - = «DOT
e DOT = = = Other Agency
e Other Agency Commercial & Residential
Commercial & Residential e Total
Figure3: RAP Use by Sector (Million Tons) Figure4: AveragePercentRAP Used b$ector
DOT Other Agency Commercial & Residential
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Figure5: RAP Tons and Total Mix Tons Comparifidiilion Tons)

Since the 2012 construction season, the tonnage of RAP used by each sector has generally moved up or down with th
total tonnage used by the sector. This is shown in Figure 5. For the 2015 construction fsapencentRAP in the
DOT and Other Agencycdters declined from 2014 to 2015, but it increased for the Commercial & Residential sector.
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The increasegercentof RAP used in the Commercial & Residential sector, combined with an increase in the tons of mi
used for this sector offset declines in th©D sector, resulting in an insignificdm$s(0.1%) in the national average of
percentageof RAP used.

RAP Use by State

Figure6 and Table5 show theaverage percenvf RAP useth HMA/WMA mixturesn eachstate by construction season
based on reportedRARons used in HMA/WMA mixtureand totalreportedtonnage It should be noted that the
accuracy of data for individual states smdepending on the number of responses received from each state and the
total number of tonsaccounted for irthe responss.

2013

Average RAP %

2 | No Cos. Reporting
I - 3 Cos. Reporting
[ Joo
[ J10-14
P 15-19
[ 2029
-0

Figure6: Estimated Averag®ercentof RAP by Statéor Each Construction Season Survey

Figure 7 revisualizes the Table 6 data, showing the number of states reporting averggeréohPags at the various

ranges byconstruction seasons. The number of states reporting averagepBmlEntages greater than 2@ercenthas
increased significantly, rising from nine state