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What is sustainability?

Economic

 “Meeting the needs of the
present without compromising
the ability of future generations Environmental Social
to meet their own needs”
United Nation commission on
Environment and Development
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Reasons for quantifying the environmental

Impact

* Becoming more environmentally conscious

* Transparency

* Increasing demand on sustainability

e 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
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Methods for assessing sustainability

" assesment (LCA) e
assessment (LCA) G0y Problem

_ . . Some sources can be using
* Limited Ilf.e(Ey.cle inventory databases Data source literatures, while others can be using
* Data acquisition problems measurements
* Time consuming

Technological

* LCA can be implemented in diverse representation Laboratory vs. plant data
Ways Temporal
. bl it representation Old vs. new data
ncomparable resutts Geographical One source can be using U.S. data,
* Environ menta| |a bE|S a nd representation while the other can be using
declarations intend to address European data
these prOblemS System boundaries 100 years vs. 500 years timeline

* Type lll environnemental
déclarations (Environmental
Product Declaration (EPDs)



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

e Cradle to gate
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http://edgeenvironment.com.au/wordpress/wp-content/uploads/epd_pcr_lca_diagram.jpg

Third Party
Verification

https://www.nrmca.org/sustainability/EPDProgram/Downloads/Graniterock%20EPD_01202015.pdf

¢l Gwp | oop | AP | EP [PocP| PEC | NRE | RE | NRM | RM | BW | cww | TW | cHw |CNHW
kg €02 | kg CFC-11 |kgs02| kgN |kg03 | M1 | M) | W | kg [ kg [ m3 [ m3 [ m3 | kg | kg
28551 | 42566 | 1.16 | 0.3 [ 1330 | 2,345.66 [2,285.55| 38.78 [ 231250 | 051 | 0.18 | 015 | 033 | 0.00 | 0.6
29180 | 43166 | 118 | 013 | 1352 | 237197 [231272] 39.77 | 216183 | 050 | 020 | 0.15 | 035 | 0.00 | 006
20225 | 43566 | 1.19 | 013 | 1351 | 2,38535 |2,324.76| 39.77 | 227908 | 051 | 0.19 | 0.15 | 034 | 0.00 | 0.6
18482 | 27366 | 094 | 0.10 | 1187 | 1,73489 |1,68861 2433 [ 2211.19| 039 | 018 | 015 | 033 | 0.00 | 0.06
18393 | 27166 | 093 | 0.10 | 1182 | 1,725.88 |1,679.93 2425 | 219036 | 039 | 018 | 0.15 | 033 | 0.00 | 0.06
32075 | 47566 | 130 | 0.4 | 1456 | 257883 [2,51478| 43.63 | 2,28895 | 0.54 | 0.18 | 0.15 | 033 | 0.00 | 0.06
32483 | 48166 | 131 | 014 | 1452 | 2,585.60 [2,521.94| 44.45 | 218546 | 0.54 | 020 | 015 | 035 | 0.00 | 0.06
29458 | 43666 | 120 | 013 | 13.76 | 240832 |2,347.80 39.93 [ 226394 | 051 | 017 | 015 [ 033 | 0.00 | 0.06
30193 | 44966 | 123 | 014 | 13.91 | 245779 [2,395.62| 41.00 | 232448 | 052 | 0.7 | 015 | 032 | 0.00 | 0.06
19971 | 29366 | 100 | 0.11 | 12.60 | 1,84097 [1,792.95| 2630 | 221144 | 041 | 0.7 | 015 | 033 | 0.00 | 0.06
289.18 | 42866 | 118 | 0.13 [ 13.76 | 2,388.90 | 2328.40| 38.94 | 233362 | 051 | 0.16 | 0.15 | 031 | 0.00 | 0.06
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Environmental Product Declarations (EPDs)

CARBON LEADERSHIP FORUM

* Based on Product Category Rules
(PCRs):
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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)

INPUTS
Traffic Environment Materials
Load spectra Temperature

Subgrade
v

|TNALDE&GN%

v
MECHANISTIC RESPONSE MODELS

— Environmental response (T, w)
— Mechanical response (o, €)

}

EMPIRICAL PERFORMANCE MODELS
— Damage (e.g., fatigue cracking)
- Distresses (e.g., rutting)

— Smoothness (IRI) )
e
©

E
5
PERFORMANCE CRITERIA 3
— Cracking (various types) Q
- Rutting
- Faulting, punchouts, others
— Smoothness
|
§
Yes
| FINAL DESIGN |

Existing Mechanistic Empirical Pavement design framework

https://www.fhwa.dot.gov/engineering/geotech/pubs/05037/images/f173.gif



https://www.fhwa.dot.gov/engineering/geotech/pubs/05037/images/f173.gif

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.

Raw Material
acquisition

Use (construction : End of life

—  Manufacturin s
ammly & maintenance (Disposall
Tra L Ira

Cradle ‘ Grave

EPD LCA




Tool workflow-demonstration

Start
¢ The dESIgn ShOUld teChnlca”y paSS the Design using Mechanistic-Empelrical Pavement Design Software
analysis in Mechanistic Empirical ] 1
Pavement design o
* Analyze the Environmental and [ v
. . . Evaluate the environmental and economic impacts using the tool
Economic impacts respectively l
° Rank alternatives based On a Slngle Rank alternatives based onasinglle score (Environmental and economic)

Score

End design



Tool composition

* The software/tool is composed of :

* Input values
* Userinputs:
* 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
e Economic impact of the design

* Total single score (Environmental+
Economic)

It is expandable/easy to use/

Databases

Associated
document

Output
values

11



Units (V) Compressive_ Strength pressive strength @ < Global_Warming_Potential ie_ Depletion_ Pote Acidification_ PotentialZutrophication _ Potentiachemical_ Ozone_ Creifotal_ Primary_ Energy_ Consumptior _ Non_Renewable_

m3 4000 28 3.41E+02 3.57E-06 1918 0.058 277E+01 1319 1305

m3 3000 28 3.71E+02 4.30E-06 2075 0.063 2 88E=01 2066 2051

[] [ m3 4500 28 4.02E+02 4.63E-06 2233 0.066 3.18E+01 2205 2189

m3 4000 28 3.94E+02 4.56E-06 218 0.065 3.13E+01 2175 2158

m3 4400 28 3.34E+02 3.89E-06 1894 0.058 2.78E+01 1889 1875

m3 4500 28 4.33E+02 4.85E-06 2393 0.07 3.38E+01 2347 2330

m3 4500 28 4.64E+02 5.23E-06 2543 0.073 358E:01 2491 2473

m3 5000 28 3.41E+02 3.99E-06 1921 0.059 2.78E+01 1929 1914

m3 3000 28 2.60E+02 3.10E-06 1525 0.05 2.34E+01 1557 1546

m3 4500 28 2.98E+02 3.51E-06 1724 0.055 2.60E+01 1733 1721

m3 6000 28 554 6.38E-06 3.018 0.085 4.17E=01 2345 2924

m3 3000 28 410 4.76E-06 228 0.067 3.25E+01 2252 2235

m3 3600 28 436 5.79E-06 272 0.078 3.79E+01 2675 2656

m3 6000 28 154 5.32E-06 2547 0.073 3.57E+01 2500 2482

. m3 5000 28 527 6.10E-06 2877 0.082 3.99E+01 2817 279
[ ) E nVI rO n m e nta I d ata b a Se m3 8000 28 483 574E-06 2711 0.078 3.80E+01 2660 2641
m3 9000 56 520 5.99E-06 2853 0.082 3.98E+01 2785 2765

m3 9000 56 522 6.05E-06 2857 0.081 3.98E+01 2793 2774

. . m3 4000 28 348 4.04E-06 1952 0.058 281 1912 1897

[ A CO m p I I at I O n Of m3 3000 28 378 4.38E-06 2115 0.063 303 2065 2049
m3 4500 28 a11 472E-06 2279 0.066 322 2209 2193

. m3 4000 28 402 4.65E-06 2134 0.065 317 2177 2160

E nV| ro n m e nta | p ro d u Ct m3 4200 28 341 3.95E-06 1929 0.058 8.1 1885 1871
m3 4500 28 443 5.05E-06 2445 0.07 324 2358 2340

I M m3 4500 28 475 5.40E-06 2607 0.074 36.4 2507 2488

eC a rat | O n S m3 5000 28 348 4.06E-06 1954 0.058 8.1 1320 1805

m3 3000 28 264 3.14E-06 1547 0.05 236 1540 1528

m3 4500 28 303 3.56E-06 1754 0.055 26.3 1725 1712

° Sea rch Crite ria: ma znnn e cex fracns 2001 nnas e no77 nose
. . L Environmental product declaration
* Mix design description

Cement Water_Cement_Ratio Water Fly Ash_WeightiSlag_Weight Fine_Aggregate Coarse_Aggregateotal_ Weighights_are_given_e_ US dolUS dollar Region State Validity Air (%)

o Ce me nt 76 0.5 245 118 0 1309 1875 3024 1¥3 20025 | ¥3  South-Central Texas August 26th, 2019 | 450 +/- 150

411 0.45 262 176 0 1346 1840 4035 1v3 206.25 Y3 South-Central Texas AugUST 26th, 2019 | 1.50+/- 1.50

451 0.43 257 141 0 1193 1875 3017 1v3 206.3 ¥3  South-Central Texas August 26th, 2018 | 4.50+/- 1.50

i F |y as h 241 0.44 261 147 0 1353 1840 2042 1v3 20625 | ¥3  South-Central  Texas August26th, 2018 150+/-150

367 0.42 254 244 0 1202 1840 3306 1v3 2075 Y3 South-Central Texes August 26th, 2019 | 4.50+/- 1.50

489 0.41 263 153 0 1108 1900 3913 1v3 2088 Y3  South-Central Texas August 26th, 2019 | 450+/- 150

o S | d g 526 0.39 267 165 0 1079 1875 3012 1v3 21135 | ¥3  South-Central Texas August 26th, 2018 | 4.50+/- 1.50

376 0.53 249 94 0 1433 1300 4052 1v3 198.75 Y3 South-Central Texes August 26th, 2019 | 1.50+/- 1.50

° Wat er 278 0.43 282 288 0 1340 1900 4045 1v3 20800 | Y3 South-Central Texas August 26th, 2019 | 150+/- 150

322 0.36 240 336 0 1256 1900 4045 1v3 21200 | V¥3  South-Central Texas August 26th, 2018 | 150+/- 1.50

635 0.31 260 212 0 1256 1750 4073 1v3 229.00 ¥3  South-Central Texas August 26th, 2013 | 1.50+/- 1.50

° F | ne a gg rega te 461 0.42 275 197 0 1248 1840 4021 1v3 213.00 | Y3 South-Central Texas AugUST 26th, 2019 | 1.50+/- 1.50

564 0.35 250 141 0 1285 1840 4080 1v3 2225 ¥3  South-Central Texas August 26th, 2018 | 150+/- 1.50

526 0.42 275 132 i 1200 1300 4033 1v3 21300 | Y3 | South-Central Texas August 26th, 2013 | 1.50+/- 1.50

° C 602 0.33 251 150 0 1241 1840 4084 1v3 22750 | Y3 South-Central Texas AugUST 26th, 2019 | 1.50+/- 1.50
oarse aggregate 559 0.32 259 240 0 1204 1200 4062 1v3 224 ¥3  South-Central Texas August 26th, 2018 | 150+/- 1.50

. 502 0.31 262 254 0 1840 1840 4062 1v3 229 ¥3  South-Central Texas August 26th, 2013 | 150 +/- 1.50

P C 595 0.32 273 255 0 1172 1750 4044 1v3 22925 | ¥3  South-Central Texes August 26th, 2019 | 1.50+/- 1.50
O I I I p re S S Ive S re n g 376 05 246 118 0 1309 1875 3024 1v3 20135 | ¥3  South-Central Texas August 26th, 2018 | 4.50+/- 1.50

411 0.45 262 176 0 1346 1840 4035 1v3 206.25 ¥3  South-Central Texas August 26th, 2013 | 150 +/- 1.50

451 0.43 257 141 0 1193 1875 3917 1v3 206.3 Y3 South-Central Texes August 26th, 2019 | 4.50+/- 1.50

Va u e a1 044 261 147 0 1353 1840 4042 1v3 20625 | Y3 South-Central Texas August 26th, 2019 | 150+/- 150
367 0.42 254 244 0 1202 1840 3906 1v3 2075 ¥3  South-Central Texas August 26th, 2018 | 4.50+/- 1.50

489 0.41 263 153 0 1108 1300 3913 1v3 2088 ¥3  South-Central Texes August 26th, 2019 | 4.50+/- 1.50

M 526 039 267 165 0 1079 1875 3912 1v3 21135 | ¥3  South-Central Texas August 26th, 2019 | 450+/- 150

® R e g I O n 376 0.53 249 94 0 1433 1900 4052 1v3 198.75 ¥3  South-Central Texas August 26th, 2018 | 150+/- 1.50
276 0.43 242 288 0 1340 1300 4045 1v3 20800 | Y3 South-Central Texas August 26th, 2013 | 1.50+/- 1.50

322 0.36 240 336 0 1256 1300 4045 1v3 21200 | Y3  South-Central Texas AugUST 26th, 2019 | 1.50+/- 1.50

=14 na &N " n 195R ki1l ANT2 w32 170 00 ¥a Cauth.Cfantral Tavac Numuet 6k 9010 18Nal.150

Mix design description 12



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)

* |nitial vs. maintenance and
rehabilitation cost items

ITEM_DESCRIPTION -
Subgrade Layer (B" Thick) (Asphaltic Concrete)
Subgrade Layer (B" Thick) (Asphaltic Concrete)

Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class

| Base Course (6" Thick)

| Base Course (6" Thick)

Il Base Course

Il Base Course

Il Base Course (4" Thick)

Il Base Course (4" Thick)

Il Base Course (8" Thick)

Il Base Course (" Thick)

Il Base Course (B 1/2" Thick)

Il Base Course (B 1/2" Thick)

Il Base Course (Asphaltic Concrete Base on Embankment Layer)
Il Base Course (Asphaltic Concrete Base on Embankment Layer)
Il Base Course (B" Thick) (Asphaltic Concrete Base on Embankm
Il Base Course (8" Thick) (Asphaltic Concrete Base on Embankm
Il Base Course (B 1/2" Thick) (Asphaltic Concrete Base on Embar
Il Base Course (B 1/2" Thick) (Asphaltic Concrete Base on Embar
Il Base Course (10" Thick) (Asphaltic Concrete Base on Embankn)
Il Base Course (10" Thick) (Asphaltic Concrete Base on Embankn)
Il Base Course (12" Thick) (Asphaltic Concrete Base on Embankn
Il Base Course (12" Thick) (Asphaltic Concrete Base on Embankn)
Il Base Course (16" Thick) (Asphaltic Concrete Base on Embankny
Il Base Course (16" Thick) (Asphaltic Concrete Base on Embankn)
Il Base Course (6" Thick) (Soil Cement)

Il Base Course (6" Thick) (Scil Cement)

Layer
Subgrade
Subgrade

Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course
Base Course

Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid
Rigid

JPCP
CRCP
IPCP
CRCP
JFCP
CRCP
JPCP
CRCP
IPCP
CRCP
JFCP
CRCP
JPCP
CRCP
IFCP
CRCP
JPCP
CRCP
IPCP
CRCP
JFCP
CRCP
JPCP
CRCP
IFCP
CRCP

Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial
Initial

- lemen{-Thesign] - [tem_T - |averag - |

53.5
53.5
32.875
32875
78.2196
78.2196
17.7204
17.7204
21.1079
21.1079
19.219
19.219
189.193
189.193
37 BRO7
38.3538
35.8346
35.8346
31.4114
314114
57.9231
57.9231
17.7204
17.7204
6.93325
6.93325

13

unI - |
SQYD
SQYD
SQYD
5QYD
CUYD
CUYD
SQYD
SQYD
SQYD
SQYD
SQYD
SQYD
CUYD
CUYD
SQYD
SQYD
5QYD
SQYD
SQYD
SQYD
SQYD
SQYD
SQYD
5QYD
SQYD
SQYD



Light-Duty Medium Heavy-Duty Heavy-Duty
Class 1 Class 2 Class 3 Class 4 Class 5 Class 6 Class 7 l Class 8

Less thaa 6.000to 10,000 to 15,000 t> 16,000 to 19,500t0 26000t  Greater than
6,000 Ib 10,000 It 14,000 > 1600 B 19,500 Ib 26,0001b 330001 | 33,0001b

Tool composition -
6T ) &5
o)

53 B

* Transportation analysis s h;
 Vehicle types based on weight (light sl

BB

—

':‘Ia.l:
duty-medium duty-heavy duty) =
* Fuel consumption factor based on %
vehicle type ‘
* Fuel types (gasoline vs. diesel) T
gasoline 0.92 0.0045
Light
Diesel 1.05 0.0054
gasoline 1.90 0.0064
Medium
Diesel 2.18 0.0080
Gasoline 3.40 0.0080
Heavy
Diesel 3.91 0.0163

14



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

|||||||



Software description

e 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

B lacyfx WIP

Weights | Transp/EnwAnalysis  EconfAnalysis | St Export
t Loc
Des £agn 4
zagn Ly Pavement ty
New pa t Rigid pave
e chness 100
I-A
Sel | to be averaged!
Compressive Strength (psi): 30000 psi Mix design
Analysis Geographic Region: South-Central | Cemen it
South-Central Fly Ash
South-West
ou & Slag Cement
National
Mixing Wate
Coarse Aggreg
Fine Aggregat
Air

Compressive Strength
3000
3000
3500
3500
31500
31500

12 Mixes

Cement (Ibs) Fly Ash (Ibs)  Slag Cement (l...

440
440
470
470
470
470

110
110
94

04
1175

1175

) o0 o o o o o

Mixing Water ... Coarse Aggregate (... Fine Aggregate (Ibs)

250.8

240.1
2491
2491

188236
192069
189598
190894
190994
1909.07

151159
154237
1522.53
1532.04
153374
1533.04

6

6

3

Air (%)



Software description

e Tab 2:

* Environmental vs Economic

Weights

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

B lacyfx WIP

Layer Information | Weights | Transp/EnvAnalysis | EconAnalysis | Summary/Export

Performance Weights

Environmental Perfomance(3:):

Predefined Weights:

»»»»»
Acidification Potential(3:):

Eutrophication Potential(3s)

50,0

Default

20
20
20

Economic Performance(5t) 50.0

Czone Depletion Potential{%:)

Photochemical Ozone Creation Potential(%6):

Sum(%): | 100.0

20
20

Save

17




Software description

e Tab 3: Transportation impact

* Vehicle type (light duty, medium duty,
heavy duty)

* Fuel type (diesel vs. gasoline)

Medium-Duty Truck

18



Software description

e 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

* Qutput/ comparison between various
layers/designs
* Initial cost
* Maintenance and rehabilitation cost
* Total cost

B lacyfx WIP - O x
Layer Information | Weights | Transp/EnvAnalysis | EconAnalysis | Summary/Export
Start year: 2016 Analysis period: 50 Discount rate: 20
¥ Alternates Initialization
Design 1: Rigid pavement{Mew pavement)
Design 2: Rigid pavement{New pavement) Pavement type: CRCP -
Design 3: Rigid pavement{Mew pavement)
. Applied Layer: Top Layer
Design 4: Rigid pavement{Mew pavement) ~
Initial ltems Layer Thickness
Check Initial Item Description Quantity Unit Price
v &" Thick 1 sQyYD 50.9702059
i 81/2" Thick 1 sQyD 90.9375
9" Thick 1 sQyD 68.0370308
10" Thick 1 sQYD 73.6244242'
>
M&R ltems Patching
Check M&R Item Description Quantity Unit Price Occur year
9.0 sq.yds. & under-8" thick 1 SQYD 115.74 0
9.1 - 16.0 sqyds-8" thick 1 SQYD 103.52 0
16.1 - 24.0 squyds.-8" thick 1 SQYD  88.83 0
24,1 - 48.0 sq.yds.-8" thick 1 SQYD 744 0
>
@ Economic analysis
A ] x

B Economic Analysis Peformance

Total Cost

Initial Cost

MR Cost

Total cost

MR Cost = Show

19




P B lecyly WIP = C X

Layer Informaticn  Weights | Transp/EnvAnelysis | Econfnalysis | Summary/Txport

Software description - '

omcal Perfarmance

sl Peformawe

* Tab 5: Output/ report
* Environmental performance TR M 1 emm— :

° EnVi ronmental impaCt Of the - Ervircnmental Performance v £PD - Raw impact per functional unit - -
material (from EPD) 0 |

* Environmental impact of
transportation

e Qverall: The sum of

Environmental impact of the 7 lacyb WIP E—
materials and the Layer Information | Weights | Transportation | EconAnalysis | Surnmary/Export

t ra n S p O rtatl O n Sta ge Environmental Performance - EPD - Raw impact per functional unit - Impact Analysis per Alt... -

Design 1 - Layer 1 -

Show Clean

20




Software description

e Tab 5: Output/ report

e Economic performance
* |nitial 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

e Rank alternatives based on
total score

B lacyfx WIP

Layer Information | Weights | Transp/EnvAnalysis | EconAnalysis

Economical Performance

All designs -

Design 1

Summary/Export

Show Clean
All designs
Economic Ana lysis Performance — [m|
Initial Cost
MR Cost
Total cost
5 @
i 1
=
@
ER
m
=
= ¢
2
& .
Alternatives
. Initial cost ME&R cost
B lacyfx WIP - O
Layer Information | Weights | Transp/EnvAnalysis | EconAnalysis | Summary/Export
Overall Performance
All designs
Show Clean

21




B Environmental Performance

Environmental Performance b EPD - Raw impact per functional unit - All Energy Consumptio... -

Software description —

Show data

Energy Consumption Emission Impact

Design ID | Layer ID GWP GWP_Unit ODP ODP_Unit AP AP_Unit EP

* All values can also be | N N T ——
displayed in a table format

22



Calculation algorithm summary

 Layer thickness

* Project location

—

* EPD database: calculate
the corresponding layer
volume based on layer
thickness

e Search criteria:
compressive strength
value and/or mix design
breakdown

* Calculate the total
transportation distance
and the corresponding
environmental impacts

Equation

Layer volume x declared unit in
EPD .

R

Equation:

Emissions of substance= 2x
(VKT x FC x substance content
x Factor)

e VKT: Vehicle kilometers

el

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



Calculation algorithm summary

* Project start year, * Economic analysis * Net present

analysis period, :> database :> value equation
discount rate

* Weighted

» Total impacts  mmm) Environmental + @) . Total impacts
weighted Economic

Score



A case study

Project information

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

e The Dallas-Fort Worth weather station

 Moderate traffic volume with an
average annual daily traffic (AADT) of

23,400 , =B
. . $5% Clunne | .
* Linear traffic growth of 4% E= e =
» Compare internally cure concrete with B el e
. Coefficient | * . |- Wecmcuin Material Properties
conventional concrete R el

g

i Urboeced




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

Alterna Compressive I.'ayer
. .. Thickness
tive # strength (psi) (inch)
1 Conventional 6000 11
2 Internally cured 5500 10
concrete

11” CRCP 10” CRCP
(conventional (ICC)
concrete)

4 inch HMA, 4 inch HMA,
good quality good quality
base base

A 6.0” A 6.0”
ggregate ggregate
Subbase Subbase
10”7 lime 10”7 lime

Subgrade Subgrade

ETERT T

ol s

¢ Aapheht Layw
hacaress (0

. “.u
Unt wagr g

Flaation amber cumtent (1)

)
| S

AR
R
= o

« mecmmcuw  Material Properties

Orrvar e rvemady

Ladact LB ety peed (e e
Fo'uuns mign dus ‘ag Py

Laghmt s

=
| Dvapley samokseenon
5
> . DACTy FGTE O JUOSITTRONG Seng ot ' (UgARS 30C JISEN (Y ertie

Lna Viscosity Basad moded
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< Nupert'sen N-22
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A case study

* Environmental impact
(Extracted from EPD)

e Search criteria:
compressive strength
value and/or mix
design
breakdown/location

e Adjust to
* Layer volume
* Weights assighed

Environmental Assigned weight
impact

0.2

0.2

Alternative | Compressive
strength (psi) POCP
642 9.6

0.00000491 4.29 0.162  79.
1 6000

5 5500 516 0.0000041 3.72 0.151 734

GWP

ODP : :

AP 02 Environmental impact 0.5
Ep g Economic impact 0.5

POCP 0.2
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A case study

. . 2500000
e Environmental impact

(Extracted from EPD)

* Search criteria:
compressive strength

2000000

value and/or mix design _ 1500000
breakdown g
* Adjust to volume 1000000

* Total impacts

500000

: —= nl

GWP oDP AP EP POCP

Environmental impact

W 10inch m11inch
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A case study

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

Fuel
Alternative | Distance | consumption GWP AP

(km) factor (kg CO2eq) | (kg S eq)
(L/100 km)

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 Impact

80.00
Total Environmental impacts per o
alternative
* (Environmental impact from EPD and 5000
from transportation state)
30.00

* Normalization

20.00
10.00
0.00 V- 4
GWP
opbpP
AP

EP
POCP

HICC ™ Conventional concrete
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A case study

* Economic analysis database

* Select corresponding initial and
maintenance and rehabilitation
alternatives

* Uses net present value
e Lower initial cost for ICC

e 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 ($)
(S)
Initial cost 3,727,390 Initial cost 3,281,530
Full-depth repair (15) 4108 Full-depth repair (15) 4,108
Diamond Grind Existing Surface (25) 59,626 Diamond Grind Existing [ 59,626
Surface (25)
Full-depth pavement repairs (25) 382 Full-depth pavement repairs|459
(25)
Full-depth pavement repair (42) 1,156 Full-depth pavement repairs|245
(40)
Full-depth pavement repairs (50) 18,066 Full-depth pavement repairs|4,685
(60)
Place asphalt tack coat (9 sy/gal) 961 Place asphalt tack coat (9715
sy/gal) (60)
2.0-in HMAC binder 36,690 2.0-in HMAC binder (60) 27,301
2.0-in HMAC surface 36,690 2.0-in HMAC surface (60) 27,301
Salvage value -57,754 Salvage value -75,002
Total (NPV) ($) 3,827,315 | Total (NPV) ()

3,330,968




A case study

* Total score for each alternative
* |CC alternative has lower : Environmental, economic and total score

Alternative Th|'ckness Environmental Environmental EFOI’]OI’T]IC ) Fconomic Total Weight
(inch) . Impact (0.5) impact impact (0.5)
impact
ICC 10 0.44 0.22 0.48 0.24
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
e 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



THANK YOU
Questions?
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