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• The development of a tool using EPDs as a quantification method 

• Validation in a case study
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What is sustainability?

• “Meeting the needs of the
present without compromising
the ability of future generations
to meet their own needs”
United Nation commission on
Environment and Development

• Three pillars
• Environmental

• Social

• Economic

http://sustainability.uclahealth.org/images/about/what-is-sustainability.gif

Environmental 

•Making 
decisions 
that 
minimize the 
degradation 
of our 
planet.

Economic

•The use of 
available 
resources in 
an efficient 
and 
responsible 
manner

Social

•Concerned 
with the 
interests of 
stakeholders
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Reasons for quantifying the environmental 
impact 
• Becoming more environmentally conscious

• Transparency

• Increasing demand on sustainability
• Consumers tend to purchase environmentally 

friendly products

• Making more informed choices for consumers 

• Green/Environmental claims
• Claims made by firms about the environmental 

qualities of their goods

• The need for benchmarking 

http://greenliving4live.com/wp-content/uploads/2013/05/eco-friendly.jpg
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Methods for assessing sustainability 

• One of the tools is:  Lifecycle 
assessment (LCA)

• Limited lifecycle inventory databases
• Data acquisition problems
• Time consuming

• LCA can be implemented in diverse 
ways

• Incomparable results

• Environmental labels and 
declarations intend to address 
these problems
• Type III environnemental 

déclarations (Environmental 
Product Declaration (EPDs)

Category Problem

Data source
Some sources can be using 
literatures, while others can be using 
measurements

Technological 
representation Laboratory vs. plant data

Temporal 
representation Old vs. new data 

Geographical 
representation 

One source can be using U.S. data, 
while the other can be using 
European data

System boundaries 100 years vs. 500 years timeline
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Environmental Product Declarations (EPDs)

• “Quantified environmental data for a 
product with pre-set categories of 
parameters” 

• LCA-based tool to communicate the 
environmental performance of a product

• The information provided is verifiable and 
accurate / not misleading

• Provide the basis of a fair comparison of 
products with identical functions
• Cradle to gate

http://edgeenvironment.com.au/wordpress/wp-content/uploads/epd_pcr_lca_diagram.jpg

https://www.nrmca.org/sustainability/EPDProgram/Downloads/Graniterock%20EPD_01202015.pdf
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Environmental Product Declarations (EPDs)

• Based on Product Category Rules 
(PCRs):
• A document establishing criteria  

for preparing an EPD 

• Setting boundaries

• Identifies impact categories

Achieve comparability in results

PCR setting system  boundaries
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Objective and scope of the study

Develop a methodology for sustainable 
Mechanistic Empirical Pavement design 
using EPD as a quantification tool.
Environmental impacts of materials

• Global Warming Potential (GWP)

• Acidification Potential (AP)

• Eutrophication Potential (EP)

• Ozone Depletion Potential (ODP)

• Photochemical Ozone Creation (POCP)

Existing Mechanistic Empirical Pavement design  framework

https://www.fhwa.dot.gov/engineering/geotech/pubs/05037/images/f173.gif
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Objective and scope of the study

• Quantify the Environmental impact of materials used (Cradle to gate analysis) 
for rigid pavement

• Evaluate the Environmental impact of the transportation stage from the 
manufacturer to the project location. 

EPD LCA
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Tool workflow-demonstration

• The design should technically pass the 
analysis in  Mechanistic Empirical 
Pavement design 

• Analyze the Environmental and 
Economic impacts respectively

• Rank alternatives based on a single 
score

Start

Design using Mechanistic-Emperical Pavement Design Software

Did the 
Design pass 

Technical 
Requirements 

?

No

Yes

Evaluate the environmental and economic impacts using the tool

Rank alternatives based on a single score (Environmental and economic) 

End design
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Tool composition 

• The software/tool is composed of :
• Input values

• User inputs: 
• Design/project information
• layer information / thickness

• Databases
• Environmental database
• Economic/ cost analysis database
• Transportation database

• Associated documents
• Product category rule for comparability

• Output values
• Environmental impact of the design  
• Economic impact of the design
• Total single score (Environmental+ 

Economic)
• It is expandable/easy to use/ 

Tool 

Input values Databases 
Associated 
document

Output 
values
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Tool composition 

• Environmental database 
• A compilation of 

Environmental product 
declarations

• Search criteria: 
• Mix design description 

• Cement

• Fly ash

• Slag

• Water

• Fine aggregate

• Coarse aggregate

• Compressive strength 
value

• Region 

Environmental product declaration

Mix design description
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Tool composition 

• Cost analysis database

• Classification 
• Rigid pavement design 

(Continuously Reinforced 
Concrete Pavement (CRCP 
vs Jointed Plain Concrete 
Pavement (JPCP)

• Layers (Top layer, base, 
subbase)

• Initial vs. maintenance and 
rehabilitation cost items

13



Tool composition 

• Transportation analysis
• Vehicle types based on weight (light 

duty-medium duty-heavy duty)
• Fuel consumption factor based on 

vehicle type

• Fuel types (gasoline vs. diesel) https://www.nap.edu/read/12845/chapter/3
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Vehicle

type
Fuel type

Global 

Warming Air 

(kg CO2 eq / 

kg substance)

Acidification 

Air (kg SO2 eq

/ kg 

substance)

Light
gasoline 0.92 0.0045

Diesel 1.05 0.0054

Medium
gasoline 1.90 0.0064

Diesel 2.18 0.0080

Heavy
Gasoline 3.40 0.0080

Diesel 3.91 0.0163

https://www.nap.edu/read/12845/chapter/3


Software description 

• The program includes 5 tabs: 
• Layer/design information

• Weights 

• Environmental impact of 
transportation

• Economic analysis 

• Summary/report
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Software description

• Tab 1: Layer information
• Input project zip code
• Select number of designs/layers to 

analyze/compare
• Design type: New pavement
• Pavement type: rigid pavement
• Layer type: Portland cement 

concrete
• Layer thickness 
• load material
• Selection/filtering criteria

• Compressive strength value and/or
• Mix design description  and/or
• Region    
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Software description

• Tab 2: Weights
• Environmental vs Economic 

weights (should sum to 
100)

• Environmental impact 
weights  (should sum to 
100)
• Global warming potential

• Acidification potential

• Eutrophication potential

• Ozone depletion potential

• Photochemical ozone creation
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Software description

• Tab 3: Transportation impact
• Vehicle type (light duty, medium duty, 

heavy duty)

• Fuel type (diesel vs. gasoline)
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Software description

• Tab 4: Economic impact analysis (uses the 
net present value)

Input
• Start year of the project
• Analysis period (years)
• Discount rate

Select
• Pavement type (previously selected)
• Applied layer (Top layer, base, subbase)
• Initial cost items
• Maintenance and rehabilitation cost items

• Output/ comparison between various 
layers/designs

• Initial cost
• Maintenance and rehabilitation cost
• Total cost

19



Software description

• Tab 5: Output/ report
• Environmental performance

• Environmental impact of the 
material (from EPD)

• Environmental impact of 
transportation

• Overall: The sum of 
Environmental impact of the 
materials and the 
transportation stage
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Software description

• Tab 5: Output/ report
• Economic performance

• Initial items

• Maintenance and rehabilitation 
items

• Total Economic performance 
(Initial items+ maintenance and 
rehabilitation item per design)

• Total performance
• A total score for Economic + 

Environmental impacts

• Rank alternatives based on 
total score
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Software description

• All values can also be 
displayed in a table format
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Calculation algorithm summary 

• Layer thickness

• Project location

• EPD database: calculate 
the corresponding layer 
volume based on layer 
thickness 
• Search criteria: 

compressive strength 
value and/or mix design 
breakdown

• Calculate the total 
transportation distance 
and the corresponding 
environmental impacts

Equation

Layer volume × declared unit in 
EPD .

Equation: 

• Emissions of substance= 2×
(VKT × FC × substance content 
× Factor) 

• VKT: Vehicle kilometers 
traveled.

• FC: fuel consumption factor 
(depending on truck weight)

• Substance content:  weight of 
the material per liter of fuel 
recommended by EPA 

• Factor: molecular weight 
conversion 23



Calculation algorithm summary

• Project start year, 
analysis period, 
discount rate

• Total impacts

• Economic analysis 
database

• Weighted 
Environmental  + 
weighted Economic 
score

• Net present 
value equation

• Total impacts
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A case study

Project information

• Located in SH 121 west of I-75 and east 
of the Dallas North Tollway

• The Dallas-Fort Worth weather station

• Moderate traffic volume with an 
average annual daily traffic (AADT) of 
23,400 

• Linear traffic growth of 4%

• Compare internally cure concrete with 
conventional concrete

http://www.escsi.org/uploadedFiles/Technical_Docs/Internal_Curing/Eval%20of%20ICC%20for%20Paving%20Apps%20Report.pdf

http://www.ltrc.lsu.edu/pdf/2016/FR_551.pdf
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A case study

Step 1: Analyze using Mechanistic Empirical 
Pavement design

• Compare 2 design alternatives

• Continuously Reinforced Concrete 
Pavement (CRCP)

• Same overall design /different top layer 
• The design was successful, proceed to the 

Environmental and economic analysis

11” CRCP 10” CRCP

(conventional 
concrete) (ICC)

4 inch HMA,    
good quality 

base

4 inch HMA,   
good quality 

base

6.0” 
Aggregate 
Subbase

6.0” 
Aggregate 
Subbase

10’’ lime 10’’ lime 

Subgrade Subgrade

Alterna
tive #

Type
Compressive
strength (psi)

Layer
Thickness 

(inch)

1 Conventional 6000 11

2 Internally cured 
concrete

5500 10
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A case study

• Environmental impact 
(Extracted from EPD)
• Search criteria: 

compressive strength 
value and/or  mix 
design 
breakdown/location 

• Adjust to
• Layer  volume
• Weights assigned 

Alternative Compressive 
strength (psi) GWP ODP AP EP POCP

1 6000
642 0.00000491 4.29 0.162 79.6

2 5500
516 0.0000041 3.72 0.151 73.4

Environmental 
impact

Assigned weight

GWP 0.2

ODP 0.2

AP 0.2

EP 0.2

POCP 0.2

impact weight

Environmental impact 0.5
Economic impact 0.5
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A case study

• Environmental impact 
(Extracted from EPD)
• Search criteria: 

compressive strength 
value and/or  mix design 
breakdown

• Adjust to volume
• Total impacts 

0

500000

1000000

1500000

2000000

2500000

GWP ODP AP EP POCP

Kg
-e

q

Environmental impact

10 inch 11 inch
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A case study

• Environmental impact of transportation 
• Based on calculated distance from projects location to the manufacturer

Alternative Distance 
(km)

Fuel
consumption 

factor
(L/100 km)

GWP
(kg CO2 eq)

AP
(kg S eq)

1 5 12.8 3.00 0.0768

2 6 12.8 3.60 0.09216
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A case study

Total Environmental impacts per 
alternative 

• (Environmental impact from EPD and 
from transportation state) 

• Normalization

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

GWP
ODP

AP
EP

POCP

Total Environmental Impact

ICC Conventional concrete
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A case study

• Economic analysis database
• Select corresponding initial and 

maintenance and rehabilitation 
alternatives

• Uses net present value
• Lower initial cost for ICC

• Lower maintenance and 
rehabilitation cost due to its 
durability

• Higher salvage value

Alternative (1)- Conventional Concrete Alternative 2 - ICC

Description (year) Total NPV

($)

Description (year) Total NPV ($)

Initial cost 3,727,390 Initial cost 3,281,530

Full-depth repair (15) 4108 Full-depth repair (15) 4,108

Diamond Grind Existing Surface (25) 59,626 Diamond Grind Existing

Surface (25)

59,626

Full-depth pavement repairs (25) 382 Full-depth pavement repairs

(25)

459

Full-depth pavement repair (42) 1,156 Full-depth pavement repairs

(40)

245

Full-depth pavement repairs (50) 18,066 Full-depth pavement repairs

(60)

4,685

Place asphalt tack coat (9 sy/gal) 961 Place asphalt tack coat (9

sy/gal) (60)

715

2.0-in HMAC binder 36,690 2.0-in HMAC binder (60) 27,301

2.0-in HMAC surface 36,690 2.0-in HMAC surface (60) 27,301

Salvage value -57,754 Salvage value -75,002

Total (NPV) ($) 3,827,315 Total (NPV) ($) 3,330,96831



A case study

• Total score for each alternative
• ICC alternative has lower : Environmental, economic and total score

Alternative
Thickness 

(inch)
Environmental

impact

Environmental  
Impact (0.5)

Economic 
impact

Economic 
impact (0.5)

Total Weight

ICC 10 0.44 0.22 0.48 0.24 0.46

Conventional 11 0.56 0.28 0.52 0.26 0.54
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Conclusion and future work

• Limitations of existing  tool for quantifying the Environmental impact of 
pavement

• The use of EPDs to quantify the environmental impact 
• Verifiable, accurate information, not misleading.
• The data is based on a pre-set category of parameters
• Comparable
• Same system boundary
• benchmarking

• Demonstration in a case study
• Future work

• Expand the Environmental database 
• Evaluate sustainability of other materials once their EPDs become available
• Expand the type of fuel used
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THANK YOU

Questions?
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