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Background: Climate Change and Sustainability



5Climate Change

Sketch Courtesy: DALL-E 2 AI

 Human activities are the main drivers of Climate Change (Herring, 2022).
 There is need to reduce our contributions to Climate Change. 

 Rising Global Temperatures

 More Droughts and Wildfires

 Glaciers Melting

 Rising Sea Level

 Increased Flooding



6How It Concerns the Pavement Industry
 Average cradle-to-gate emissions is ~ 50.2 to 52.1 kg CO2e / ton of asphalt 

mixture produced (Shacat et al., 2022).

 Estimated asphalt mixtures production: 350.7 - 421.9 million tons/year in 
the U.S. (Williams et al., 2020).

 Traditional Engineering Design Criteria
 Function

 Cost

 Safety

 Sustainable Engineering Design Criteria
 The above plus:
 Impact on people (Society)
 Impact on the planet (Environment)

 There is an urgent need to explore sustainable construction practices.

Significant 
emissions from the 
asphalt pavement 
industry



7What Can Asphalt Industry Do about Emissions?

DOTs influence 
Pavement design
  Material selection
  Material and construction specifications
  Pavement treatment 

Source: FHWA



88Life Cycle Assessment (LCA)
LCA entails the tracking and evaluation of inflow and outflow of materials, energy, waste and 
emissions for a particular product/service to quantify environmental impacts.

Cradle-
to-gate

Cradle-
to-grave

Stages of LCA (ISO 21930)

Cradle-
to-laid



99Life Cycle Assessment and Product Category Rules
Life Cycle Assessment

 LCA is carried out over four steps.

 LCA can be used to compare alternative products based 
on their environmental impacts.

Since we are to compare LCA results, how are we 
sure that everyone is doing it the same way?

Product Category Rules (PCR)

 A PCR is a document that defines the rules, requirements 
and guidelines for conducting LCAs.

 It helps achieve conformity in LCA practices for a 
particular product category.



10Environmental Product Declaration (EPD)
Common analogy: A Nutritional Level

 An EPD presents how much impact a particular 
product has on the environment at a specified 
stage of its life.

 An EPD declares the result of  an LCA study 
carried out on a product.

Considerations for Asphalt Mix EPD (cradle-to-gate) 



1111EPD and Global Warming Potential (GWP-100)

Sample Impact Assessment Results on an Asphalt Mix EPD 
https://asphaltepd.org/epd/d/keUvQb/ 

Global Warming Potential, GWP-100 (kg CO2 eq.) is the overall potential that all greenhouse gases associated 
with a product have to contribute to global warming. It is usually based on a 100-years time horizon. 

Main Focus

https://asphaltepd.org/epd/d/keUvQb/


12

CCPR: Its Role in Pavement Sustainability



13Cold Central Plant Recycling
CCPR 

 involves producing asphalt mixes at cold temperature using mostly recycled 
materials.

 involves processing RAP at a centralized location, offering similar environmental 
benefits to CIR but with more controlled production process.

maximizes RAP usage which conserves natural resources and reduces emissions 
from virgin materials production.

 improves energy efficiency due to cold production.

Question: How much fuel do we really save during cold mix production?



1414Ingevity’s Field Fuel Measurements

We can use the regression 
equations to estimate what 
fuel consumption will be when 
mixes are produced cold
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HMA Production Temp. = 305oF, 

CCPR Mix Production Temp. = Ambient Temp. (taken to be room temp.)

Plant
HMA Heating 
Temperature 
Range (°F)

Fuel Usage for 
HMA 

(MMBTU/ton)

CCPR Mix
Heating 

Temperature 
Range (°F)

Fuel Usage for 
CCPR Mix 

(MMBTU/ton)

Fuel 
Savings 

(%)

Plant 1 228 0.2419 0 0.0595 75.4
Plant 2 228 0.1804 0 0.0208 88.5
Plant 4 228 0.2304 0 0.0252 89.1
Plant 5 228 0.2652 0 0.0372 86.0

AVERAGE 84.7

Heating Temp. Range = Production Temp. – Ambient Temp.

Questions:  How does this translate to environmental impact savings?
       How much reduction in environmental impacts does CCPR offer?

Estimating Fuel Savings During CCPR Production
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Life Cycle Assessment



1717Goal and Scope
 Study focus: comparing impacts of typical mill-and-fill operation to those of an emulsion-

based CCPR operation with HMA and WMA overlays

 Goal: 

 evaluate the potential of emulsion-based CCPR as a replacement for traditional HMA mill-and-fill. 

 explore the potential of WMA overlay as a sustainable replacement for HMA overlay over CCPR mixes. 

 Functional unit: 1 lane-km of a 3.66-m (12-ft.) wide rehabilitated pavement suitable to 
carry traffic greater than 3 million ESALs over 15 years.

 Cradle-to-laid analysis was considered: raw material acquisition, transportation, production, 
and construction phases of the pavement. 
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Pavement Rehabilitation Alternatives

(1) a 3 in. HMA mill-and-fill, 

(2) a 3 in. CCPR with 1 in. HMA overlay, 
and 

(3) a 3 in. CCPR with 1 in. WMA overlay.



1919Life Cycle Inventory

Parameter 9.5mm HMA 4.75mm HMA 4.75mm WMA 

Usage HMA M&F CCPR Overlay CCPR Overlay

NMAS (mm) 9.5 4.75 4.75
Binder Content (%) 5.5 6.0 6.0

Additive - - Evotherm P25
Additive Dosage - - 0.5% of AC

 CCPR Mix Design: 6% pre-wet water and 3% emulsion, both by weight of RAP. 

 Emulsion: 33.61% of water, 64% of PG 64-22 binder, 0.39% of hydrochloric acid (HCl), and 
2% of Indulin SBT-50 emulsifier.

 EPDs for SBT-50 and Evotherm P25 acquired from Ingevity.

 HMA Energy: Natural Gas: 8.332 m3; Electricity: 3.66 kWh; Diesel Fuel: 3.63E-04 m3 (NAPA 
2023).

 84.7% savings in natural gas during CCPR mix production, 19.2% savings for WMA.



2020Life Cycle Impact Assessment and Interpretation

Indicator
9.5 mm 
HMA

CCPR 
Mix

4.75 mm 
HMA

4.75 mm 
WMA

Unit

Acidification 1.66E-01 8.03E-02 1.75E-01 1.73E-01
kg SO2 

eq.
Eutrophication 1.32E-02 1.32E-02 1.41E-02 1.53E-02 kg N eq.

Global 
warming

6.25E+01 2.31E+01 6.57E+01 6.17E+01
kg CO2 

eq.
Ozone 

depletion
1.07E-07 1.66E-07 1.07E-07 1.60E-07

kg CFC-
11 eq.

Smog 
formation

3.99E+00 2.00E+00 4.18E+00 4.04E+00
kg O3 

eq

Asphalt Mix Impacts



2121Life Cycle Impact Assessment and Interpretation
Asphalt Mix GWP



2222Life Cycle Impact Assessment and Interpretation
Pavement Rehabilitation Impacts

Indicator
HMA Mill-

and-Fill

CCPR + 
HMA 

Overlay

CCPR + 
WMA 

Overlay
Unit

Acidification 1.29E+02 1.18E+02 1.17E+02 kg SO2 eq.

Eutrophication 9.90E+00 1.35E+01 1.37E+01 kg N eq.

Global warming 4.86E+04 4.13E+04 4.04E+04 kg CO2 eq.

Ozone depletion 1.14E-04 2.06E-04 2.18E-04
kg CFC-11 

eq.

Smog formation 3.21E+03 2.99E+03 2.96E+03 kg O3 eq.



2323Life Cycle Impact Assessment and Interpretation
Pavement Rehabilitation GWP
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Summary and Conclusions



2525Summary and Conclusions

84.7% savings in fuel consumption is derived from CCPR production.

CCPR mix has relatively low GWP when compared to typical HMA/WMA 
mixes.

25% savings in GWP when CCPR is carried out instead of HMA mill-and-fill.

When HMA is replaced with WMA in a 25.4 mm (1 in.) overlay, ~900 kg CO2 
eq. savings in GWP is gotten.
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Thank You So Much!
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