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The Who —
The Ciritical Role of Champions

N\
‘ 80/20 Rule

‘ 10% more is only 4 hours a week
\




“Whenever enemies have the abillity
to attack the innovator, they do so
with the passion of partisans, while
the others defend them sluggishly so
that the innovator and their party
alike are vulnerable.”

-Niccolo Machiavelli, The Prince (1513)









NCAT welcomes new inductees to the Wall of Honor
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Unintended
Consequences

Pavement Condition Rating
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Life Cycle Assessment
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The Analysis:
“Evaluates the environmental impacts of a product
over its service-life”

The Communication:
“Provides environmental information of a product”

Product The Guidelines:
Category Rules “Set of specific rules, required for developing
for Asphalt EPDs of a product”

Mixtures




The current NAPA Eco-Label
program covers only the

Cradle-to-Gate” system
ooundary (EPD)

s it fair to compare the
environmental Impacts of two
mixtures Just based on “Cradle-
to-Gate™

How important Is it to consider
life-extension benefits in LCA
consideration?



e Currently...
. 19 Organizations
. 70 Asphalt Plants
e 1,456 Individual Mixes

https://asphaltepd.org/published/



https://asphaltepd.org/published/
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An Environmental Product

Declaration (EPD)
for Asphalt Mixtures

Company Information

Product Description

This EPD reports the patential envi impacts and itic i i ion for 2n asphalt mixture, which falls
under the United Nations Stzndard Products and Services Code 30111505, Asphalt mixtures zre typically incorporated as part of the
structure of 2 roadway, parking |ot, driveway, airfield, bike lzne, pedestrizn path, milroad track bed, or recrestional surface.

Mix Nama: CA-ATPEC202

Specification Entity: PannDat

Specification: ATPB

Gradation Type: permeable

Mix Design Methad: superpave

Nominal Maximum Aggregate Sire: 37.5 mm.

Performance Grads of Asphalt Binder: PG 64-22

Customer [Project/Contract] Number: Not Reported

This mix producer categorizes this prodict s 2 Warm Mix Asphalt (WMA) asphalt mixture produced using chemical additive. This asphalt
‘mixture was produced within 2 temperature rangs of 138 to 160°C (280.0 to 320.0°F) £. Energy and emvirenmental impacts are based on 2
plant’s average performance over 2 12-month period 2nd are not adjusted for mix-specific production temperatures.

This declarstion is an EPD in accordance with 150 14025:2006* and S0 21830:2017°. The PCR
is Product Category Rules for Asphait Mbxtures™. This EPD transparantly describes tha potantial
environmentzl impacts associzted with the identified life cycle stages of the described product.
Declaration Number: £3.393 42702 Software Version: 23.0

‘5 Date of lssue: Nov. 18, 2024 Period of Validity: March 31, 2027
This EPD iz valid for asphalt mixtures produced t the location indicated on this page. Data used
to inform thiz EPD reflact plant operstions from 2 12-month period beginning on Jan. 1, 2022.

This EPD can be found st http=://asphaltepd org/=pd/d/rUyaL/
LCA performed by: Ben Cizvals, PhD




Product Description
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O Materials (A1) @ Transportation (A2) @ Plant Operations (A3)

:":-f:'f__ « 95% aggregates
= - 5% asphalt binder

Transport (A2)

& * 22 miles by truck

 Burner fuel — Natural Gas
|+ 289,000 Btu/ton

i o 3.3 kWh/ton — Average grid 603 kg co,e/tonne - x







Test Track by the Numbers

46 Sections

On the Track

11,138,634

Total Miles Driven

5 Trucks

Simultaneously Driven

156,995 Ib

Average Truck Weight in our Fleet

1.7 Miles

Test Track Length

10,052,142

ESALs Applied in Current
Research Cycle




NCAT Test Track

BALANCED MIX DESIGN
AGGREGATE PROPERTIES
BINDER CHARACTERISTICS
STRUCTURAL PAVEMENT DESIGN
TIRE-PAVEMENT INTERACTION
ADDITIONAL GOODIES
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We create chemistry

(B,' Colorbiotics’

.. U.S.Polyco

Adhering To Quality

lllinois Department
of Transpgf?z}tion

Q

US.Department
of Transportation

Federal Highway
Administration

BLACKLIDGE






BMD Experiment

* Fleld performance comparison of asphalt mixes
designed with Volumetric vs. BMD approaches
e 2.5-inch mill-and-inlay
e Underlying pavement 15-20% lane area cracking



Mixture Designs

« TxDOT 12.5mm Superpave-C surface mix — “Volumetric”
« PG 70-22 SBS binder in all three test sections
« BMD approach A: Volumetric Design with Performance Verification

Mix Desien S11 Volumetric S10 BMD N6 BMD
8 (2018) (2018) (2021)

Total Binder Content

RAP Binder Replacement 20 20 19
Air Voids (50 Gyrations) 4.0 4.0 4.0
VMA* 15.0 16.6 16.4
S 11.0 12.6 12.4

VFA* 73 76 76

* based on G,



Overlay Test

Hamburg WT1

Testing of reheated (RH) production samples.



Cracking performance: S10 BMD > S11 Volumetric



BMD overlay life

extension
> 5.5 MESALS
(>1.3 times longer)



LCCA for Texas Mix Comparison

« TXDOT Life Cycle Cost Analysis Policy
o 40-year Analysis Period
e Discount rate: 3.72%
e 12-year performance period for volumetric mix
o Volumetric mix: $80.0/ton per TXxDOT bid price database

e BMD mix: $84.8/ton
e $80/ton + 0.64% more virgin PG 70-22 binder < $750/ton



Year Volumetric Mix BMD Mix BMD Mix
(14.4 MESAL Life) (20 MESAL Life) (30 MESAL Life)

12.0
16.6
24.0
25.0
33.2
36.0
40.0
Remaining Life (yrs.)

Initial construction Initial construction Initial construction

2.5” mill & fill
2.5” mill & fill

2.5” mill & fill

2.5” mill & fill

2.5” mill & fill

2.5” mill & fill

End of analysis period End of analysis period End of analysis period
8.0 0.8 10.0



Initial Construction Cost (S/lane mile)

Initial Construction Cost Comparison

$120,000
$100,000
$80,000
$60,000
$40,000
$20,000

S-

$250,000

6% increase

Volumetric Mix
(14.4 MESAL life)

$200,000

$150,000

$100,000

$50,000

LCCA Net Present Value (S/lane mile)

BMD Mix BMD Mix
(20 MESAL life) (30 MESAL life)

LCCA Net Present Value Comparison

36% decrease

17% decrease l

Volumetric Mix BMD Mix BMD Mix
(14.4 MESAL life) (20 MESAL life) (30 MESAL life)

Functional Unit— One Lane mile



Life Cycle Assessment

e Same Analysis Period and
Performance Periods as LCCA

e Use Stage is not included
 No Third-Party Validation (R&D)




80
70
60
50
40
30
20

GHG emissions (MT CO2e/lane mile)

10
0

MT = Metric ton

Initial Construction
(Cradle-to-Constructed)

10% Increase

300

!

Volumetric Mix BMD Mix
14.4 MESAL life 20 MESAL

250

200

150

100

GHG emissions (MT CO,./lane mile)

Ul
o

BMD Mix
30 MESAL

Functional Unit— One Lane mile

Full Life Cycle
(Cradle-to-Grave)

Volumetric Mix
14.4 MESAL life

17% Decrease

45%
Decrease

BMD Mix BMD Mix
20 MESAL 30 MESAL



Emissions, M-Tonne CO,e / lane mile
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$75

Initial Construction
(Cradle-to-Constructed)

S80 S85
Cost, $1000 / lane mile

@511 mS10 ANG6

$90

M-Tonne §O,e / lane mile

Emission

240

220

100
$100

A

Full Life Cycle
(Cradle-to-Grave)

BMD
19% RBR
PG 76-22

$120 $140 S160
Cost, $1000 / lane mile

@511 mS10 ANG6

Volumetric
20% RBR
PG 76-22

$180
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http://www.brandsoftheworld.com/download/brand/129739.html




Eff.

Binder Air As-Const. Recovered
Content  Voids VMA Density Binder Cont.
Section Description V) (%) (%G, Grade
N1 20% RAP, PG 64-22
0% , PG 6 9.5 mm 4.7 3.8 14.7 93.6 88.6-16.6
(Control)
S5 35% RAP, PG 64-28 95 mm 5.1 3.2 15.1 92.2 82.8-23.0

S6  Control w HIMA 9.5 mm 5.0 3.1 14.7 91.8 101.4-21.5




Cracking Group
Test Section Layer Thicknesses

Surface (Experimental) Layer

HiMA mix Intermediate Layer

HIMA mix Base Layer

' o ] e ;T 4 - BT b ;¥ 4 - Falgrwr ! T ;T 4
4 s - g o e 4 e - a2 r it 4 )
i ‘. .I.. i g T iy r.__.-._ A T B e T iy r.__.-.: et i T
YL Lol tln, s A e LA e ¥ R L e
rarru ar as P e T e
',',_ of L i R SR B s o M PR R R < R B R e
v - R Tl T & e N R T e el T g A W §
25
" -.- <




Cracking Group Experiment:
BMD Cracking Test Results & Field Performance

Critically Aged Test Results

% Lane Area

Cracking

Flexibility NCAT-OT Feb. 2021
Description CT. gex Index OT-8 B Seapp 20 MESALs
0 -
N1 20%RAPPG 64-22 8.8 0.6 2.08 0.50 18.6 44.5
(Control)
S5 35% RAP PG 64-28 16.3 1.8 1.54 0.33 45.3 1.1
S6 Control w HIMA 18.7 3.8 1.07 0.27 48.0 0.9




100%

80%

60%

40%

Total Cracking
(% of Lane Area)

20%

0%

—N1 Contro (20% RAP PG 64-22)
S5 (35% RAP PG 64-28)
S6 (Control w HiMA)
0 5 10 15

ESALs (Millions)



LCCA for Cracking Group

e NCAT LCCA recommendations for ALDOT

e 40-year Analysis Period e
e Discount rate: 4.0%
e Performance Periods
e« Controlmix:1yr.onTT =3.5yrson |-85 =11.4 years
o 35% RAP mix = ratio of NCAT-OT 3 =1.51=17.2 years
 HIMA mix = ratio of NCAT-OT 3 =1.85 = 21.1 years

 Mix Costs
e Volumetric mix: $70/ton per ALDOT bid price database
e 35% RAP mix: $70/ton (PMA binder & RAP savings wash)
e HIMA mix: $100/ton (estimate)



Initial Construction Cost {$/lane mile]

Initial Construction Cost Comparison

$80,000

$60,000

540,000

$20,000

LCCA Net Present Value Comparison

64-22, 20% RAP
(11.4-year life)

_ $150,000

42 .9% increase = 8% decrease
£ $120,000
cC

No Change ﬁ‘ 26% decrease

o $90,000
=
S
§ $60,000
g
(a
et
% $30,000
<t
J
= s

64-28, 35% RAP  HIMA, 20% RAP 64-22, 20% RAP  64-28, 35% RAP  HiMA, 20% RAP

(17.2-year life) (21.1-year life) (11.4-year life) (17.2-year life) (21.1-year life)

Functional Unit— One Lane mile



GHG emissions (MT CO,./lane mile)

50
45
40
35
30
25
20
15
10

Initial Construction

(Cradle-to-Constructed)
180 T

18% Increase 160 +

140 +
3% Decrease -

120 +

100 +

60 £

GHG emissions (MT CO2e/lane mile)

a0 £

20 +

o £
64-22 w/ 20% RAP  64-28 w/ 35% RAP  HiMA w/ 20% RAP
(11.4-year Life) (17.2-year Life) (21.1-year Life)

Full Life Cycle
(Cradle-to-Grave)

27% Decrease

41% Decrease

64-22 w/ 20% RAP 64-28 w/ 35% RAP HiMA w/ 20% RAP

(11.4-year Life) (17.2-year Life) (21.1-year Life)

Functional Unit— One Lane mile
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Emissions, M-Tonne CO,e / lane mile

N
(9a)

Initial Construction Full Life Cycle
(Cradle-to-Constructed) (Cradle-to-Grave)

140 Control
20% RAP

PG 64-22

/ lane mile

Emissions, M-Topghe CO,

60
S35 S45 S55 S65 S60 S80 S100
Cost, $1000 / lane mile Cost, $1000 / lane mile

O N1 BS5 AS6 O N1 BS5 AS6
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Nov 2024, 37 State DOTs,
DC, and Puerto Rico were

awarded grants for a total of
$1.2 billion dollars.

The maximum grant per
recipient was $32 million
dollars.

https://www.fhwa.dot.gov/lowcarbon/

Image: FHWA website.


https://www.fhwa.dot.gov/lowcarbon/

Why BMD?

2020

 Volumetrics do not ensure  Superpave
performance Consequences

 What may be the impact of
conducing EPD
benchmarking on existing
materials?



EPDs do not ensure performance

Traditional Asphalt AQCs

are primarily a measure of quantity NOT quality

BMD needs to be integrated into Mix Design & QA




« PennDOT advancing BMD
v HWTT
v IDEAL-CT
v Delta Tc

https://www.asphaltpavement.org/uploads/documents/ERT%?2
ORelated/BMD Resource Guide/PA-SOP 11.2024.pdf



https://www.asphaltpavement.org/uploads/documents/ERT%20Related/BMD_Resource_Guide/PA-SOP_11.2024.pdf
https://www.asphaltpavement.org/uploads/documents/ERT%20Related/BMD_Resource_Guide/PA-SOP_11.2024.pdf







e As the asphalt industry moves toward
BMD and performance testing it is
Important to remember that the
preparation of the samples being
tested can affect the results of the
testing.

 The Guide on Asphalt Mixture
Specimen Fabrication for BMD
Performance Testing is helpful in
obtaining consistent results

&3 YouTube




Sample Lag Compact Condition

Mix for Time Test & Test

(with & without I I
QA o Specimen Specimen




Free to DOT staff. Free to everyone.
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