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Cargill
Bioindustrial
IS made for
this moment.

We’re harnessing
the power of nature-
derived ingredients
to help meet the
world’s needs for
renewable materials.
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What is Bio Material?




What does “Bio-based” Mean?

» Definition can be very broad.

» Often refers to material derived from:
— Vegetable or Tree-based fatty acids, triglycerides, and derivatives
— Starches, sugars, proteins, and derivatives
— By-products such as gums, fatty distillates, recovered oils, etc.
— Pyrolysis products of lignin, husks, nutshells, animal sources...

+ In the asphalt industry the label “bio-based” is often used to describe oils, or “Bio-o0ils”, however there is
still large diversity of products under this umbrella.

» The “Bio-based” label does not imply any specific performance level. Bio-based material can be
chemically modified or “Engineered” into specialty chemicals to have various properties and
functionalities.

— Classifying bio-based additive solely based on raw material source can be misleading.
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Why is this important?

» State of the Environment

« Administrations Change, emphasis on
making progress

* Public Companies Reporting and
Disclosures

— Investors driving
— Younger Workforce Interest
* NAPA Industry Road Forward.
— Net Zero by 2050
— Pathway starting today
— Immediate options
+ Inflation Reduction Act
* Buy Clean Legislation

NAPA thanks the following 2022 Funding Partners for their generous
support of The Road Forward.
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INFLATION REDUCTION ACT: PUBLIC LAWY 117-169

+ 5369 Billion to Drive Significant Reduction in GHG Emissions
* 40% reduction below 2005 levels
+ Combined effects of the Inflation Reduction Act (IRA) and the Infrastructure Investment
and Jobs Act (A) will drive technology innovation in the construction materlals industry
* IRA Spans a Range of Governmental Agencles and Programs

« Associations will play 3 key role in assisting industry in implementation

NEW FEDERAL “BUY CLEAN" PROCUREMENT

* Low-Embodied Carbon Labelling for Con:
« EPA to identify and label low-embodsed
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« Allows existing funds to be used for use of low-carbon construction materils
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Applications of Bio Materials
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1- Bio-based Rheology Modifiers

* Vegetable-oil based modifiers widely used as szﬁijﬁi ;
binder PG modifiers (mostly softeners).

_ N 3%
» Various grades and qualities exist
» Alternatives to conventional aromatic and PG 64.22 Blend
paraffinic oils due to:
— Versatility

— Low dosage

— Easy pumpability Modify Penetration Efficiently
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- EHS advantages —&— Anova™

#— Petroleum-based Flux
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— High flashpoints

« Some grades are suitable for use in asphalt
emulsions; while other “bio-solvents” have become
popular in cutback applications.
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2- Warm Mix: Organic Additives vs. Biobased Additives

* Fischer-Tropsch and Fatty Amid waxes. “Organic” in this sense typically does not
mean biobased.

* Melting points lower than typical hot mix compaction temperatures

* Act as bitumen plasticizers (viscosity reducers) when above their melting
temperatures.

* Common due to ease of implementation and lack of impact on standard
bitumen grade.

* Perform through modification of the bitumen internal friction and ability to coat
the aggregates.

* Some additives include a partial bio component while others are fully derived
from bio materials
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WMA Evaluation - MN

Mixture with WMA achieved lower

Moisture resistance* Rutting resistance**

air voids compared to control
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*AASHTO T283 IDT Tensile Strength Ratio test,

*AASHTO T324-14 Hamburg wheel tracking.
after one freeze thaw cycle.
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Impact of WMA on Emissions

Use of Warm Mix Asphalt and Plant Operation GHG Emissions
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Lowering asphalt

plant production
temperature lowers the
plant operations
environmental impact

Lowers overall GHG
emissions!
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INDOT Climate Challenge
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Impact of WMA and RAP

Use of High RAP with Warm Mix Asphalt and Plant Operation GHG Emissions

70 ® Materials (A1)

® Transportation (A2)

m Production (A3)

~22% reduction

B a1 (o))
o o o

w
o

GHG Emissions (kg CO, eg/ton)

18% RAP at 315°F

Total (A1-A3) 61.61

36% RAP at 315°F

54.40

36% RAP at 300°F

53.30

25.54

36% RAP at 285°F

50.57

2

1A

-It

Inmsa

Increasing RAP and
lowering asphalt

plant production
temperature lowers the
plant operations
environmental impact

Lowers overall GHG
emissions!
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3- Bio-based Recycling Agents

' The use of Petroleum-based recycling agents dates to the 1970’s and 1980’s, often using products such
(] as lube oil processing by-product.

é‘ In the late 2000’s, asphalt binder cost increased significantly. During this time, a wide range of recycled
« oil and bio-based recycling agents were developed.
Most Bio-oils _ __Most Petro. oils
ASTM RAD ' RA1 ‘ RAS d RA 25 RATS RA 250 RA 500
The ASTM D4552‘20 (Commonly Test M-L:ftod J| Min Max :MII‘I Max ! Min Max in Max Min Max Min Max Min Max
. ry . \ﬁsccﬂsi'ry-BO’C D2170 l 10 49 L) 50 175 I 176 900 1 4500 4501 12500 12501 37500 37501 60000
referenced in specifications) added the fa0°r) " I : I
RA-0 category to specifically address Flash Poin COC, 0 082 :219[4251 :ﬂ% : : 2 1%31 e - e o om
H 10- Saturates, wt. %4 D2007 | 30 30 . 30 30 30 o 30 30
and include the use of bio-based s o | I : i
. . om
recycling agents for asphalt recycling. 163°C [325°F1 I | I |
Viscosity Batiof | 3] iy 3 I 3 3 . 3 3
Wi Change. +. % I 4 ) S 4 g 3 ) 3 . 3 . 3
Specific Gravity at D70 l 0.900 1100 lZl.Ql)CI 1.100' 0900  1.100 0' 1100 0.800 1100 0900  1.100 0500  1.100
25°CIT7T°F] or ‘ \
01208 Vg V4 —

NAPA QIP 131:
Practical Guide for Using
Recycling Agents in
Asphalt Mixtures
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Rejuvenators: An Engineered Solution

“Rejuvenation” is an
Inaccurate, but popular term.

Rejuvenators do not undo oxidative aging!

What does it mean
to reverse the

Impact of aging
and “Rejuvenate”?

A good rejuvenator reverses the impact of
e aging on asphalt, reactivating the asphalt,

to restore performance, and durability.

Restores cracking resistance, maintains rutting performance
Improves workability, compaction, and appearance
Improves aging susceptibility of the pavement

Provides predictable and reliable results

Cargill Bioindustrial Asphalt Solutions
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Plant Implementation

Gases to
Emissions Control
ipment

Drum Plant Example E

Typically, 1-3% wt.
of the binder or 0.05-0.15%
wt. of the mix, added via:

In-line into virgin binder
using additive pump

Treatment of RAP (at collar
or during processing)

Injection into pugmill or
mixing drum

Pre-blended into virgin

binder (least common) Portable easy-to-install trial
pump skids available from OEMs

Manual controls with no need Pump can be simply hooked-up
for plant computer hookup to tote and piped into AC line

Cargill Bioindustrial Asphalt Solutions 15






NCAT Field Performance

Maintaining
Smooth
TEST  SECTION Ride
NUMBER N-3
Cracking
To demonstrate performance Cargill
built a test section on the NCAT track
using the typical 30% RAP mix with
Bio-based WMA, and 45% RAP with
Bio-based rejuvenator.
Rutting

After 20 million loadings,
<4% cracks appeared in
the test section.
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* Data provided and measured by NCAT using plant produced mix.
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MNnROAD High RAP Mix Lab Performance

To demonstrate performance against
the typical 25% RAP mix, Cargill built
a test section on MnRoad, using 45%
RAP and Anova® rejuvenator.

The test section
maintained great
cracking performance
through 4.8 MM ESALs
and 6 winters.

Increased reflective

cracking resistance
Cycles to failure,
overlay tester*

Improved thermal

cracking resistance
Fracture energy
(J/m2), DCT*

Maintaining rutting
resistance

Rutting depth (mm),
Hamburg wheel*

400
200 PASS
FAIL Control
239
0 EEEEEEEE————
600
400 HiRAP
Control +Anova
200 503

495

14 FAIL
"""""" Control ===========-=
9 PASS 7.1 HIRAP
+Anova
4 2.3
I ——

Target specification

* Data provided and measured by MnDOT using plant produced mix.
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Use of Recycled Asphalt Pavement (RAP)

Use of RAP and Overall GHG Emissions

70
= 60
o 13% Reduction
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b 45% Reduction .l
c
2 30
(9]
2
S 20 .
o Increasing RAP
5 10 lowers total
environmental
0 impact of
No RAP 20% RAP 35% RAP 45% RAP 70% RAP hal o
m Plant Operations (A3) E Transportation (A2) ® Materials (A1) asp alt mix!
Total (A1-A3) 60.9 53.5 47.3 43.4 33.7

*Data From NAPA’s Emerald Eco-Label Tool
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Getting Ahead of the curve on Decarbonization

« The combination of high RAP and bio-binder incorporation was estimated to
provide a 31% reduction in kgCO,,, emissions.
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Cargill Bio Binder Evaluation Trial

« Company: The Shelly Company

« Location: Shelly NE Plant (Cleveland), plant that
has used rejuvenator in the past.

 Mix: T1 Surface Mix

* Virgin Binder: Hard pen (6-8) from Marathon
North Bend (Ohio, near Cincinnati) selected.

« ~1,000 tons (US) were produced/placed in June
2023, ~0.7 miles (two lanes)

* Placed on Walden Drive
Aurora, Ohio.

Shelly

comPANyY
Pittsbur gh
°

» Perrin Asphalt placed the mix. Shelly produced at
the Bedford Heights, Ohio plant
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Design Selection

* Mix formulations using
blend charts to estimate
final extracted grade.

» The following blend was
selected as good potential
trial target: T1 mix using
40%RAP

» The Bio-binder design met
and exceeded the control
across binder contents.

» Testing was performed at
the volumetric optimum
binder content (6%).

* The Bio-binder design
actually exceeded the
control mix in terms of long
term aging durability.

Mixture Percentages
Mix Description H i
P Total AC% 7/21 RAP Bio Bitumen Total Bitumen Estimated Grade
High Temp PG (C) Low Temp PG (C)
T2 30%RAP Control 5 30 3.4% 72.3 -21.1
T2 30%RAP X1%Bio 5 30 3.4% 76.6 -21.2
T2 50%RAP X2%Bio 5 50 2.4% 76.6 -22.6
T2 50%RAP X3%Bio 5 50 2.4% 70.0 -28.0
T1 30%RAP Control 6 30 4.4% 71.1 -21.4
T1 30%RAP X1%Bio 6 30 4.4% 75.8 -21.5
T1 40%RAP X2%Bio 6 40 3.9% 72.7 247 |
T1 40%RAP X3%Bio 6 40 3.9% 63.8 -32.0
CT Index — STA (4hrs at 135 C) CT Index — LTA (4+8hrs at 135 C)
® 50.0 46.6
. 14952x-74884 L . 00
x y= 52x - . x
200 R?=0.9415 . o .- ® S 30.0
ot c
- et e ) -
JURLY SR 20.0
G 100 i@y = 95.34x - 459.4 5
. R?=0.9879 10.0
LA
0 : 0.0
4.5 5.0 5.5 6.0 6.5 7.0 7.5 6.0
Asphalt Binder, % Asphalt Binder, %
@® Bio ® Control H Bio m Control

23



Hamburg Wheel Tracking (HWT)

* Rutting susceptibility was tested at both STOA and LTOA levels up to 20K cycles.

» Results showed no rutting susceptibility issues.

Pike Hamburg (Rut Depth @ 20K Passes)

o
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HSTA ELTA




Post Trial Evaluation: Binder Performance

» The extracted binder grade from the mixes consistent

— . Extracted Low Temperature PG ATc Parameter (S grade - m grade)
met a ~PG 67-26 grade. PR
* Rheological binder parameters such as ATc and the =
-18.0 1.0
Glover-Rowe parameter were in the commonly w| i i
considered “desirable ranges”. e I
300 50 |— N ——————— —— — —
» Based on extracted binder results desirable - .

. . ) RAP 7/23 Biobinder Test1 Biobinder Test3 RAP 7/23 Biobinder Testl Biobinder Test3
performance is expected on mixture testing, to the 17ten  910tons (Chute) Ufton  910tons (Chute)
extent of binder component contribution to mix

p Glover-Rowe Black Space LE409 Mastercurves
performance' :5 - - ~Log G*(G-R = 180) Log G*(G-R = 600) 1.E408
0 e res —o— Biobinder Testl 117ton LE07
45 o Biobinder Test3 910tons (Chute) - L6 1 L esirable trend
50 & 1e0s
*é = Performan : -
‘gﬂ 3.0 CZn(‘:)erna «“ _ - *2 1ol
: eeeeTT .D_e;irab\e“ LE:01 —RAP7/23
-7 Range 1E00 ~ -~ Biobinder Test1 117ton
1 LE0L —— Biobinder Test3 910tons (Chute)
1.0 1.E-02
Ty T Reduced Frequency (H)




Key Findings

» Low-carbon asphalt mix designs can be produced using a combination of tools available:
— Increasing the RAP content
— Replacing fossil-based bitumen with bio-based material
— Reducing production temperatures

« Dropping temperature by 70°F can reduce GHG,, by ~9% and increasing recycling by 25% can reduce
GHG,, by ~15% while improving compaction and cracking resistance.

* The bio-binder + high RAP in this study was calculated to have a 31% lower GHG,, impact as a
combination of both RAP and bio-material inclusion compared to a virgin mix.

» The bio-binder + high RAP mix exceeded the control mix in terms of IDEAL-CT cracking performance,
both at short-term and long-term aging, showing high CT-Index values.
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