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Topics

1. History of Pavement Recycling
2. Overview of Pavement Recycling
3. Key Technology
: Reclaimed Asphalt Pavement
:Rejuvenator for Recycling
:Concept of mix design
:Recycling Asphalt plant
4. Latest Topic
:Repetitive Recycled Asphalt
:Recycling WMA for Carbon Neutral
:The Next Gen Pavement Test Track
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1.History of Pavement Recycling

* Legislation and Guidelines since 70s TERY
—Promoting Pavement Recycling |
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1970s Development of Recycling Technology for Pavement Wastes was started. i
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1984 Published “Handbook of Recycling Technology of Pavement Waste” i
v
1986 Published “Handbook of In-situ Surface Recycling”
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1987 Published “Handbook of In-situ Basecourse Recycling”

OIL CRISIS
Price of oil
suddenly raised
up around 1970s.

v

1992 Published “Handbook of Plant Recycling of Pavement”

1991 Act on the Promotion of Effective Utilization of Resources
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1. History of Pavement Recycling

Recycling rate of Construction waste
* Recycling Ratio of Asphalt Concrete became more than 98%
since 1990s
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2. Overview of Pavement Recycling
Recycling Method for Pavement

i

“— In-situ recycling
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2. Overview of Pavement Recycling

Recycling for Pavement

30% Recycled base | Recycled base
Base course waste RA course material | course
Plant recycling
method Recycled asphalt | | Recycled surface
;Rg" mixture ' /binder course
Asphalt mixture
waste
In-place recycled
base course
In-place

Cement concrete
waste

recycling method

mainly from building site
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2. Overview of Pavement Recycling

Asphalt Plant and Shipment

* Recycling As Plants located widly.

* R-HMA occupies 75% of Total Shipment
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3. Key Technology

Reclaimed Asphalt Pavement
* Specification for RAP

Asphalt Content % >38 Dumpin | Crushing sieving
Extracted Asphalt from RAP
Penetration 1/20mm >20
Bituminous Tenacity Index Mpa/mm >1.70
Content of materials finer than 75um % <5
A
* Test Method(BTI) = ] wreren smaller
’ : . —>aged more = Less aged

: BTI=2P/ndl
i P:Load
d:diameter
 1:displacement
—_—

p Displacement
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3. Key Technology

Rejuvenator Specification
Dynamic Viscosity (60°C) mm?/s 80~1,000
Flash Point °C >250
Viscosity ratio after TFO (60°C) <2
Weight Change after TFO % Withint3
Density (15°C) g/cm3 To be reported
Chemical Component To be reported

Aged Asphalt Rejuvenator
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3. Key Technology

Mix desi%
2 Methods are permitted.
1.To adjust pen for aged asphalt(RAP) to design penetration
—Rejuvenate aged asphalt of RAP by rejuvenator
Recyling As cont = aged As + rejuvenator + newly As
Mix Design—Air Void, Saturation to meet spec
> Design pen 1s usually 50

2.To adjust BTI for Recycling HMA to design BTI
Based on tentative Recycling As cont,
—Decide Rejuvenator ratio to meet design BTI

Mix Design—Air Void, Saturation to meet spec
> Design BTI is usuall between 0.60-0.90Mpa/mm
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3. Key Technology : Recycling Asphalt Plant

* Batch type Plant with Twin dryer system

Tank of
Rejuvenator Tank of Asphalt

7 L~

Hot storage bin

W Y, i?iz

Y Burner =

Shipment

* High frequncy QC on each"stage

Rap and materials, self-printing, performance of R-HMA
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4. Latest Topic : Repetitive Recycled Asphalt

Assumed RAP blendiong ratio at 50-75% and pavment life is 15ys
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Recycled RAP

RAP blending ratio is 1998 (st time) Newiy Ac
More than 70% with ' e .

re-recycled RAP 2013 e Newly AC

Re recycled RAP Recycled RAP Newly AC

Essensial to study on 2028 lipis Cincsme
Repetitive recycling

Re-recycled AC Recycled RAP
2043 (Ind time) (1st time)

2058

KAWAKAMI, A,, et al. (2023). Properties of Repeatedly Recycled L e
Bitumen Using Rejuvenators With Aromatics and Saturates 0 40 20 60 70 80 %0 100
Components, IP0784, XXVIIth World Road Congress.
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4. Latest Topic : Repetitive Recycled Asphalt

Motivation o Satgﬂrugtes laADr;I?matlcs 60; Resin Sg%Asphalte?[%%
Seeking suitable rejuvenator v | 808 180061 (.4
. v | 788 a8 ss 09
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. . R Rejv-13 | 499 A7 250
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Japan. Rejv-17 | 22.4 s P 230 0.4
Rejwla | 22.4 23104
::j:; : 2%254 S ®39 133 %ﬂi

Output o 172 E———— U —— 02
- A &8ss 780D

Rejv-23 |5, 7 M R G e g (0,1

To clarify the changes in
. KAWAKAMI, A, et al. (2023). Properties of Repeatedly Recycled
propertles of repeated recycled Bitumen Using Rejuvenators With Aromatics and Saturates

. . Components, IP0784, XXVIIith World Road Congress.
bitumen and asphalt mixture.
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4.Latest Topic : Repetitive Recycled Asphalt

Penetration | Softening point Ductility
Bitumen 1/10mm °C cm

(ORS) 1.037 46 5 Over 100
Sample ey
3 types of l’ej uvenator | Area D 57 88.1 6.1 0.1
B (RejB 0.809 49.9 47.7 25 0.0
0.863 99.9 0.1 0.0 0.0
. . > Aging bitumen
Aglng-Recycllng Process 5 times “TFOT163C, 5hours
Bitumen was aged in a laboratory | PEXioa0 Cirtommy
llSillg TFOT and PAV. Propertiy tests of aged bitumen
+ ‘Basic property test
Added the rejuvenators with different Recovering biumen & property tests
SARA component for recycling. “PEN70 (1/10mm)
«Basic property test
These process were repeated five times. Mixture tests

*Hightemp. cantabro test

. KAWAKAMI, A, et al. (2023). Properties of Repeatedly Recycled
conducted in each stage Bitumen Using Rejuvenators With Aromatics and Saturates
Components, IP0784, XXVIIth World Road Congress.

Material and mixture tests were
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KAWAKAMI, A, et al. (2023). Properties of Repeatedly
Recycled Bitumen Using Rejuvenators With Aromatics and
Saturates Components, IP0784, XXVIIith World Road Congress.
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4.Latest Topic : Repetitive Recycled Asphalt

Conclusion

Result

Tendency after the repeatedly recycling of bitumen
* A higher softening point

* Lower ductility

* Less crack resistance at high temperature

* Depends on the AR and SA of rejuvenator.

Conclusion

This tendency was greater depending on the type of rejuvenator.
Especially in the case of rejuvenator having

a high saturates components rather than a high aromatic components

KAWAKAMI, A, et al. (2023). Properties of Repeatedly Recycled
Bitumen Using Rejuvenators With Aromatics and Saturates
Components, IP0784, XXVIIth World Road Congress.
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4.Latest Topic :
Recycling WMA for Carbon Neutral

JAPAN aim at “Reducing overall greenhouse gas emissions to zero by 2050
Target : Reduce greenhouse gas emissions by 46% in 2030 compared to 2013

Industrial
35.1%

Construction
orre [+)
1.064 billion tons Apx.2% J

(in 2021)
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4. Latest Topic :
Recycling WMA for Carbon Neutral

Pavement construction: Approximately 3.4 million t-CO2/year
Asphalt pavement construction, mainly emits in HMA Producing process
(approximately 2.8 million-tCo2/year :80% of total )
Countermeasures at the production process are particularly effective.
:Refocus on WMA

o 1000 2000 3000 4000 5000 6000 7000 8000
€O, emits(kg-CO)

Transportation
8.3%

002 nstruction

i Productlon(49 8%)
Materlal Materlal .
N-HMA DG manu Trans Power COgEmlts‘
(25.0%) (11.4%)  8.2% 7,071kg-£0,/1,000m?

Prnductlon(61 7%)

E . 10 ss°kg cozn.ommz

C02 emission in
AC production (for 1000m2)

CO2 emission in Reference: Carbon Neutral Committee, JRCA 2024
AC pavement construction(1000m?2)

R-Bi t=5cm
As-Baset=10cm

-~
ot
_—-

R-HMA R Trans Power
manu

DG(R40%) anry TR 7.1% |84%

CO; emission
30,760kg-CO,
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4. Latest Topic :

Recycling WMA for Carbon Neutral

JRCA Road Map R-WMA: low carbon pavement
Until 2030
Initiatives to achieve CO2 reduction target of 46% (compared to 2013)
- Promote the spread of existing technologies
(low-carbon pavement, highly durable pavement, long-life pavement)
- Strengthening collaboration with related organizations
- Approaching other organizations such as the government

Until 2040
Initiatives to further reduce CO2 emissions
- Development of new low-carbon pavement technology
* Development and implementation of carbon negative technology

Until 2050
* Promoting the spread of technology towards carbon neutrality
* Pavement construction:
Reference: Carbon Neutral Committee, JRCA 2024
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4. Latest Topic :

Recycling WMA for Carbon Neutral

CO2 Emission on HMA
Recycling low carbon mix can contribute to reduce CO2 emission.
CO,emission (kg-CO,/1)

0 10 20 30 40 50 60
N-HMA DG
I
N-WMA DG [ .
i i | i i Mixing
: : : : +12.0% || temp
R-WMA-DG (R40) : Reduce
: : \ : : 30°
' ' ' ' 118.09
R-WMA-DG (R60) . , , ~ ELLu

Production Volume 800t/t

Reference: Carbon Neutral Committee, JRCA 2024
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4. Latest Topic :

Recycling WMA for Carbon Neutral

Performance of low-carbon mix in service road

= 14 10
E e Drainage surface | _ 5 @ . Drainage surface 7~
= 12— ; g_ra(i:lnage surface +binder 1:1 4. Drainage surface +binder 1 &l
= inder course ¢ S Binder course ~
E 4 Binder course+ATB /," = 97" 4 Binder course+ATB P
_8 S Good on conv mix X /,' E Good on LC mix /@E ?"' o4
re ’F rd AJid pEIT p - D ‘/’

b o =
g s o K 2 ® »b 5
T v
g Y 4 < 3 o L
-~ 6 - ! ’

’yb P K 3 7 rd /
c 2 rd 2| ra e Cd
— ’ 9’ ,/ 2 fA Y P
£ 4 v 6 o al = ‘1 7 | A
g TH 7 | % ~ W
@ o “ 9', S) 6 y Pl ]
g 2 - i Good on LC mix = // Good on conv mix
E ol I <l | |
£ O 2 4 6 8 10 12 14 5 6 7 8 9 10
Rutting Depth in conventional mix(mm) MCI in conventional mix

(13 sections, service period from 2 months to 10 years)
Low-carbon mix are considered to have the same level of pavement performance as conventional mix

Reference: Carbon Neutral Committee, JRCA 2024
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4. Latest Topic :
Recycling WMA for Carbon Neutral

Transition of low carbon mix Production Amount

S
o
o

=== Production volume of low carbon mix
—8— Production Ration of low carbon mix -

300 ®

200
100 m I I

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
fiscal

o

Production Volume of low carbon mix (x103t)
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4. Latest Topic « The Next Gen Pavement Test Track

@ 909m Test Track Evaluating 18 Pavement Types
@ Autonomous Operation of 5 Large Vehicles at 40 km/h
@ Gontrol and Presentation Spaces in Management Building

——Location

S/

= =i .,

" Fukushima
Prefecture

w4 Baitama ¥,
~Pre

Zamurs]

- Taisei Rotec Corporation

For a Lively World

Autonomous
Load Vehidle =

Refueling Facility|
Truck Yard

Administrative
~  Building
= e
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