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Why is Sustainability Important? 
 

 Nexus of major issues caused by rapidly growing 
global economy: 

 

• Global warming  
• Energy constraints 
• Resource availability (metals, cement, water etc.) 
 

 World population is 6 billion (B)  12 B projected by 
2100.  US at 0.5B by 2050. 
 

 US and EU (combined population = 0.75 B) consume 
most of world resources.  China catching up fast. 
 

 Remaining 5.25 B want everything we have.  Not 
enough to go around if we do business as usual. 

 
 



How Can We Make Infrastructure 
Construction More Sustainable? 

 

1. Reduce energy consumed in construction and 
rehabilitation. 
 

2. Reduce emissions emitted in construction and 
rehabilitation. 
 

3. Reduce consumption of natural resources. 
 

4. Increase service life. 
 

 



How Do Recycled Materials Fit In? 

1. Avoid energy and emissions associated with 
mining and processing construction materials.  
Energy has already been expended in first life 
of recycled material. 
 

2. Avoid use of a natural resource (sand and 
gravel, limestone, oil). 
 

3. Increase service life.  Not a “linear landfill,” 
but better and longer lasting infrastructure. 

How do we demonstrate that we are contributing to 
sustainability?  Using life cycle analysis, or LCA 



LCA Definition - ISO 14040 
Compilation & evaluation of the inputs, outputs and the potential 

environmental impacts of a product system throughout its life 

cycle. 
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Goal and Scope Definition 

• Intended application & audience 

• Identify product system 

• Identify functional units 

• Define system boundaries 

• Identify assumptions, limitations, & allocations 

• Data requirements 



Life Cycle Inventory Analysis (LCIA) 

Data Collection 

 Inputs (energy, raw material, ancillary, etc.) 

 Products, co-products, and waste 

 Air emissions, water and soil discharges, etc. 
 

Data Calculation 

•Connect data to unit processes & reference flows 
 

Examples of LCI Databases 

 Ecoinvent (http://www.ecoinvent.org/database/) 

 US Life Cycle Inventory Database (http://www.nrel.gov/lci/) 

 More LCI database info at:  
http://www.epa.gov/nrmrl/lcaccess/pdfs/summary_of_global_lci_data_r

esources.pdf 

 







Recap Poll # 1 – True or False 

• Life cycle analysis (LCA) can be used to assess a 

contribution to sustainability quantitatively: T/F 
 

• LCAs will produce the same result regardless of the 

system boundary that is selected: T/F 
 

• All LCAs are based on the same life cycle inventory 

(LCI): T/F 
 

• Currently there are no standard methods for 

conducting LCAs: T/F  



Steps to Conduct an LCI 

• Develop process flow 

diagram 

• Develop data collection 

plan 

• Collect data 

• Evaluate & report 

results 

• Example: Mining of 

Gypsum 

 



Life Cycle Impact Assessment (LCIA) 

Selection & quantification of 

impact categories & 

characterization models 

Assignment of LCI results 

Calculation of impact category 

indicator results 

Impact 

category 

indicator 

results  

(LCIA 

Profile) 



Common LCIA 
Impact 

Categories 

EPA 600R06060 



Interpretation 

• Identify significant issues 

• Evaluate completeness, sensitivity, and 

consistency of data 

• Draw conclusions & recommendations 

• Report results 

• Critical review 



LCA Modeling Software Tools 

• PaLATE – pavement LCA 

• SimaPro – general LCA software 

• Umberto – general LCA software 

• GaBi – general LCA software 

• BEES (Building for Environmental and Economic 
Sustainability) – building material and product 
construction 

• CMLCA – chain management by LCA 

• GEMIS (Global Emission Model for Integrated 
Systems) – energy, material and transport system 
LCA 

 

 







Recap Poll # 2 – True or False 

• The US Life Cycle Inventory from NREL must be 

used for US life cycle analyses: T/F 
 

• Users can input their own energy and emissions 

data into a LCA: T/F 
 

• The three life cycle impacts are energy, GHG 

emissions, and water usage: T/F 



Define:  

energy consumption, 

greenhouse gas 

emissions, water 

consumption, and 

hazardous waste 

generation for 

conventional 

pavement versus 

pavement with 

recycled materials 

Burlington Bypass 
Case History 

Burlington, WI 

Burlington is the hometown of Tony Romo of the Dallas Cowboys 



Highway Pavement Design Assumptions 
• Recycled materials used 

in base & subbase 

layers. 
 

• Same layer thickness. 
 

• Structural capacity for 

both designs calculated 

with same procedure. 
 

• Engineering properties 

of recycled vs. 

conventional materials 

change service life over 

a 50-yr design period. 

 



PaLATE Used for LCA 

• Contains LCI information for common recycled 

materials in geo-construction (e.g., fly ash). 

• Built in LCI for common construction equipment 

based on anticipated equipment activity. 

• Economic input-output LCA methodology allows 

assessment of entire supply chain associated with 

conventional & recycled construction materials. 

• FREE from RMRC website 

(www.recycledmaterials.org). 

Pavement Life-cycle Assessment Tool for Environmental and 

Economic Effects 





PaLATE Inputs – Roadway Example 



 

A Walk Through PaLATE 

../Desktop/PaLATE-Burlington Bypass.xls










PaLATE LCA Results 

Using recycled materials reduces: 

•  GHG emissions by 20% 

• Energy consumption by 16% 

• Hazardous waste generation by 6% 

• Water consumption by 11% 



Life Cycle Analysis of Three  Pavements with 

Alternative Base Course Materials  

Conventional 

Aggregate 

Base 

RPM 

Base 

RPM + Fly 

Ash Base 

Alternatives designed to have equal or better structural number. 



Pavement Performance - Modulus 

0

50

100

150

200

250

300

350

400

RPM Crushed Aggregate RPM+FA

Base Courses Materials

M
o

d
u

lu
s

 f
ro

m
 L

W
D

, 
M

P
a LWD, 7days

DCP, 7days

DCP 21days

FWD, 21 days

SSG, 21days



Construction Life Cycle Analysis – Energy Usage 
Initial Energy Consumption [MJ]
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Most energy: 
Conventional 
construction 
material. 
 

 

Least energy: 
recycled 
pavement in 
place of crushed 
aggregate. 
 



Life Cycle CO2 Emissions [Mg] and Global Warming Potential
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Least emissions: 
recycled 
pavement in 
place of crushed 
aggregate. 
 

Construction Life Cycle Analysis – GHGs 



Evaluating Two Applications of 

Recycled Asphalt in Construction 

35 

Which use is more sustainable:   
• Reintroduction into hot mix 

asphalt? 
• Use as granular base? 



Comparison of Alternatives using PaLATE 

36 

- HMA = hot mix asphalt 
 

 

- RAP – reintroducing reclaimed asphalt 
into new hot mix asphalt 
 

 

- RPM – using reclaimed asphalt as 
granular base 
 
 

- SPRM – using reclaimed asphalt + fly ash 
binder as granular base. 

 
  

 



Alternative Pavement Profiles 
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BE2ST Highway Sustainability Rating System 



BE2ST Highway Sustainability Rating System 

- Life cycle analysis (LCA) to assess variety of 
sustainability metrics (energy, GHG emissions, 
water use, hazardous waste generation, etc.) – 
PALATE model. 

 

- Life cycle cost analysis (LCCA) – evaluate life 
cycle cost of design alternatives. 

 

- Quantitative and auditable metrics – provide 
perception & financial incentives for owners 
and contractors to incorporate sustainability 
principles in designs. 

 
  

 



Engineering Characteristics of Alternatives 

Design 

Mr of Base 

Layer 

(MPa) 

 Base Layer 

Coefficient 

Service Life 

(yr) 

No. of 

Rehabilitations 

for 50-yr 

Period 

HMA 

206 0.14 13 3 

HMA-RAP 

HMA-RPM 

249 0.14 14 3 
HMA-RAP-

RPM 

HMA-SRPM 

846 0.30 18 2 
HMA-RAP-

SPRM 

40 



Life Cycle Energy Consumption 

41 

Most energy: 
reintroducing 
reclaimed 
asphalt into 
HMA (federal 
policy). 
 
 

Least energy: 
using stabilize 
reclaimed 
asphalt in base. 

 



GHG Emissions 

42 

Most emissions: 
reintroducing 
reclaimed asphalt 
into HMA 
(opposite 
conventional 
“wisdom”). 
 
 

Least emissions: 
using stabilized 
reclaimed asphalt 
in base & HMA. 

 



Life Cycle Cost 
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Least expensive: 
using stabilized 
reclaimed asphalt 
(SRPM) in base. 
 

 

Most expensive: 
reclaimed asphalt in 
hot mix asphalt 
(HMA). 
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Industry Wide Analysis: Coal Combustion 
Products as Construction Materials 

- Coal combustion products: fly ash, bottom 
ash, flue gas desulphurization (FGD) gypsum 

 

- Construction applications:  concrete (fly 
ash), geotechnical (fly ash, bottom ash), wall 
board (FGD). 

 

- Considered benefits by offsetting 
conventional materials and eliminating 
disposal. 
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Metric 
Annual 

Savings 
Equivalent to 

Energy  

(trillion 

Btu) 

159 
• Annual energy use for 1.7 million 

households 

Water 

(billion 

gal) 

32 • 31% of domestic water withdrawals of CA 

CO2e  

(million 

ton) 

11 
• Removal of 1.9 million passenger cars per 

year from roadways 

Financia

l (US 

$B) 

5.1-9.7 
• Annual full-time salary ($39.5k/yr) of 

130,000–240,000 average Americans 

Industry Wide Analysis: Coal Combustion 
Products as Construction Materials 



Recap Poll # 3 – True or False 

• LCAs should consider the service life of each 

alternative: T/F 
 

• The outputs of LCAs generally are consistent with 

“conventional wisdom” about when and where to 

use recycled materials: T/F 
 

• LCAs can be used to shape policy regarding use of 

industrial byproducts and recycled materials: T/F 



Wrap Up 

 LCA can be used to demonstrate whether “green” 
activities truly contribute to sustainability.  Avoid 
“eco-decoration” and “green-bling.” 
 

 LCAs are not perfect – sensitive to assumptions (e.g., 
system boundary) and inputs (e.g., energy or 
emission inventories). 
 

 Use to evaluate whether a “green” alternative is 
more sustainable than conventional approach, assess 
alternatives (e.g., which is more sustainable?), or 
evaluate whether a policy makes sense. 
 

 Most important – provides a quantitative assessment 
that reduces or eliminates subjectivity. 

 
 


