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Defining Sustainability

Sustainable Development




Measuring Sustainabillity

Sustainability
Screening Tool

Impact on
environment
@ Costs from
Carbon o : cradle to grave
Impact on \ A Footprint R

environment and costs

Impact on
environment,

costs and society

SEEBALANCE®

AgBalance™

Being able to measure sustainability Is critical to its successful
Integration into business strategy and strategic decision making
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Sustainabillity: A life cycle approach
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The Eco-efficiency Analysis
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3'd party validated
life cycle assessment
methodology
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Environmental Fingerprint Eco-efficiency Portfolio
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Environmental Impact (normalized)
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1.0 = greatest environmental burden %0 i i

0.0 = least environmental burden Life Cyle Costs (normalized)

Life cycle data is gathered in six Eco-efficiency portfolio
environmental categories for each balances life cycle

alternative and depicted on an environmental impacts with life

environmental fingerprint. The data cycle cost data. It reflects a

Is then weighted, aggregated and comparative assessment of the

normalized to obtain an overall relative eco-efficiencies of

environmental impact. various alternatives.

LX)
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Environmental Relevance Factors SocialWeighting Factors

Land Use 1%
Risk 13% Land Use 13%
Wastes 27%
Toxicity 19% WWastes 42% T
“. Toxicity 19% POCP 19%
Emissl oXICity
Emissi ODP 24%
POCP 50% '
Resources 46%
Resources 17%
Air 33% GWP 35%
Energy 10% G 15% Seray 11
Main Categories Emissions Air Emissions Main Categories Emissions Air Emissions
What does the emission What value does society
(or energy consumption) attach to the reduction of
contribute to the total emissions the individual potentials?

(or energy consumption) in the
region considered ?
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Sustainability Metrics Support Decision Making

STRATEGIC DECISIONS

= Investment decisions

= Technology decisions

= Site decisions

= Evaluate product portfolio

MARKETING, CUSTOMERS
= Demonstration of product advantages

Improved customer relations

Product differentiation

Better understand competitive
advantage

Provides needed benchmarks

RESEARCH AND DEVELOPMENT

= Quantification of the most important
factors

m Drive sustainable products and
processes

= Drive production/process
improvements

STAKEHOLDER AND GOVERNMENT
DIALOGUE

= Communication with authorities
» Demonstration of sustainability
= Government “approvals”

= Provides needed benchmarks
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The Eco-efficiency of Micro surfacing

A collaborative project by BASF and Vance Brothers




System Boundaries — Micro surfacing
Polymer modified asphalt emulsion w/ SBR

Production Aggregate Use Disposal
preparation ==
and transport Sweep surface 11 Material
1 removal
Emulsifier = | Asphalt @ 1
285 F =1 Proportion & Blend
Polymer Transpor_t and
l Recycling,
Acid Application to Disposal
‘ v Road
Water Milling |
1 Lane Stripping
Storage (120F), - l
load into truck, Trafficonthe |__|
transport to site road

Grey boxes are not considered, since they are the same for all alternatives.
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System Boundaries — Polymer Modified
Hot Mix Overlay (2" Mill and Fill)

Production Aggregate Use Disposal
preparation & —
Heating Milling of Road
Asphalt l
Cement RAP :
Sweep surface
Production P L] Material
1 1 removal
, ‘ =t Application to Road 1
Mix @ 300 — 325 at Transpor_t and
HMA Facility l Re_cycllng,
I Lane Stripping Disposal
Load into truck, Trafficlon =
transport to site 0ad

Grey boxes are not considered, since they are the same for all alternatives.
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Key Input Data

CUSTOMER BENEFIT:
Road surface
Length - Microsurfacing 1 Mill and Fill
Width ft 12 A 12
Area sq. yard F040 F040
5. meter 5550 5550
Life Expectancy of Road YEArs A0 A0
Life Expectancy of Technology years b 11
Mumber of Road Applications over Life Cycle 7 4
Dwuration to apply Technology  days 050 1 2
FAF Yo 10%
Financial Discount Rate Yo 4.80% )
Social Discount Rate % 5O0%
Highway Rental Fee Blane-mile-day B 00000 )
Lane Stripping G/rmile §445500
Work Zone Injuries - Accidents #day-mile 000552 )
Wark Zone Fatalities #day-mile 000009 )

2012 NATIONAL PAVEMENT PRESERVATION CONFERENCE



Environmental Impact
Energy Consumption

12000000 O Dispo=al

H Construction YWorkers

10000000 —

O Transportation

S000000 B Energy: Prod & Laging Micro
s} OEnergy: Prod & Laging Mill & Fill
= 6000000
= B Tack Coat
4000000 — [ CRoadMarkings
H Aggregate

2000000 —

O Asphalt Binder

0 , |
Microsurfacing Mill and Fill

Hotter production and application temperatures for Mill & Fill (HMA) as well as the
increased fuel requirements for shipping larger amounts of material to and from the
job site contribute to Mill & Fill having a higher energy impact. Micro surfacing has a
higher impact in road markings due to the more frequent applications.
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Environmental Impact
Resource Consumption

Microsurfacing Mill and Fill
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Environmental Impact
Air Emissions — Global Warming Potential

300000000
O Disposal
2500000000 I H Construction Workers
O Transportation
@ 200000000 S
E E Energy: Prod & Laging Micro
3
m
£ 150000000 O Energy: Prod & Laging Mill & Fill
?'I [ |
_—
8 B Tack Coat
2 1wooo0000
ORoad Marking=s
30000000 '_ H Aggregate
O Asphalt Binder
1]

Microsurfacing Mill and Fill

Activities related to the transportation and milling of the aggregate as well as the energy
consumed during the production, transportation and application of the asphalt had the
highest impact on the GWP for the alternatives. CO, emissions from the manufacturing
/ application of the road markings also is a significant contributor.
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Environmental Impact
Solid Waste Emissions

Microsurfacing Mill and Fill
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Normalized and Weighted Emissions Scores
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normalized and weighted

12

1.0

0.6

04 -
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Risk Potential :

Occupational lllnesses & Accidents

e

Microsurfacing

Mill and Fill

O Disposal

B Construction Workers

O Transportation

B Energy: Prod & Laging Micro

OEnergy: Prod & Laging Mill & Fill

B Tack Coat

ORoad Markings

B Aggreqgate

O Asphalt Binder

Aggregate, the single largest resource for each alternative, contributes the highest risk
potential for occupational ilinesses and accidents. The longer construction time
required for the Mill and Fill alternative exposes the construction workers to a higher
risk of construction related injuries and fatalities.
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normalized and weighted
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Toxicity Potential: Modules

m Disposal

O Application

- O Construction Workers

— O Transportation

B Energy: Prod & Laging Micro

O Energy: Prod & Laging Mill & Fill

H Tack Coat

ORoad Markings

———

B Aggregate

‘ \ O Asphalt Binder

Microsurfacing

Mill and Fill

The toxicity potential of the materials and activities related to the
application of the asphalt material to the road for each alternative has
the highest impact.




Environmental Fingerprint

Energy Consumption

1,0 = worst position,
better results ordered
relatively, <1

Resource Consumption Toxicity Potential

===Mill and Fill

/\ Microsurfacing
Land Use Emissions

Occupational llinesses and Accidents
1.0

Micro surfacing clearly demonstrates lower
environmental burden in all impact categories relative to
the Mill and Fill (hot mix overlay) alternative.
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Overall Economic Results

Life Cycle Costs

Micro surfacing Mill and Fill
Material Cost $lyd2 $4.00 $9.25
Material and Labor Costs $/CB $97,079 $136,037
Disposal Costs $/CB $3,650 $7,900
Lane Rental Fees $/CB $7,740 $19,505
Striping Fee $/CB $15,633 $9,651
Total Cost $/CB $124,103 $173,093
20000010
O Striping Fee
1200000
Ril
140000.0 e ———— OLane Rental F
E 120000.0
&
g 00000 ——— e
E
g §0000.0 B Disposal Costs
S so00.0
400000
200000 O Material Costs
0.0

Microsurfacing
> - -

Mill and Fill
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Eco-efficiency Portfolio:
Base case

0.3

Preventive
maintenance of
a 1 mile stretch
of a 12 foot
lane of an
urban road to a
similar profile
and
performance
using best
engineering
practices over
a 40 year 7
period 1.7 1.0 0.3

costs (norm.)

# Microsurfacing

# Mill and Fill

environmental burden {normn)
=

2 5% significance

For this study, the micro surfacing
alternative is the most eco-efficient.
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Eco-efficiency Portfolio: Scenario 1:
17 year durability for Mill and Fill

0.3

Preventive
maintenance of
a 1 mile stretch
of a 12 foot
lane of an
urban road to a
similar profile
and
performance
using best
engineering
practices over
a 40 year 17
period

# Microsurfacing

# Mill and Fill

environmental burden {nomn)
—
=

<2 5% significance

1.7 1.0 0.3

¢osts (Norm.)

Scenario reflects increase from 11 to 17 years in durability for Mill and Fill and
results in a significant improvement in relative eco-efficiency of Mill & Fill.
Micro surfacing alternative still remains the most eco-efficient.
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Conclusions: For this analysis micro surfacing Is
the more eco-efficient pavement preservation
technology !

..... clear environmental advantages in all 6 impact areas.

..... combined with the lowest life cycle cost.

Based on the 1 mile stretch of a 12 ft urban
lane, micro surfacing relative to Thin Hot
Mix Overlay (Mill and Fill) will save ...........

2012 NATIONAL PAVEMENT PRESERVATION CONFERENCE



gs equivalent to
e total energy
consumed by 110
residential US homes
In a year
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Savings equivalent to removing over 3 cars from
our roads
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34 tons less municipal
___waste sent to landfills
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The Eco-efficiency of Chip Seals

A collaborative project by BASF and Colas




Customer Benefit and Alternatives

Customer Benefit Hot Alternatives
Preventive Hot Chip Seal,
maintenance of a polymer modified

1 mile stretch of a non-emulsified with
12 foot lane of a Ground Tire Rubber
rural road to a (GTR), AC-20-5TR

similar profile and
performance using
best engineering
practices over a 40
year period.

Cold Products

Polymer modified
Chip Seal, emulsified
asphalt (CRS-2P)
using SBR or SBS
polymers

Polymer modified Chip
Seal, emulsified asphalt
(CRS-2P) using SBR
polymers with fiber
reinforcement
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System Boundaries - Polymer modified
asphalt emulsion w/ SBR

Production Aggregate Use Disposal
preparation
and transport Sweep surface {1 ,[ oldpavement
1 removal
Emulsifier p——— | Asphalt @ 1
285 F — =TT Spray on Surface
Polymer 310 F Transport and
l Recycling,
- Disposal
Acid l +—p | Drop Aggregate P
v
Water J Milling J
1 Lane Stripping
Storage, _ l
load into truck, Trafficonthe ||
transport to site road

Grey boxes are not considered, since they are the same for all alternatives.
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System Boundaries - Polymer modified
asphalt emulsion w/ SBS

Production Aggregate Use Disposal

preparation  jet-
Asphalt @
585 F and transport ,| Old pavement
1 removal

I—> Heat to 325 - 350 F 1

» Spray on Surface

Sweep surface

Polymer T | Transport and
v l Recycling,
Milling Disposal
——p | Drop Aggregate
Emulsifier Store?%DOSES i v
| I Lane Stripping
l Storage, load l
1 into truck, :
Milling = fransport to Traffic on the
site road

Grey boxes are not considered, since they are the same for all alternatives.
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System Boundaries — Hot polymer- modified
GTR Chip Seal

Production Use Disposal
Asphalt @
375-425 F Sweep surface » Old pavement
| l removal
Agitate to mix 1
l » Spray on Surface
Polymer = Cool S for 3 l Transport and
ool, Store for R I
GTR — | 93¥5 @350~ Siﬁiélgl’
4Oi F » Drop Aggregate
Transport @ 350( | || v
400 F Lane Stripping
Aggregate l
preparation, pre- Traffic on the
coating and transport road

Grey boxes are not considered, since they are the same for all alternatives.

2012 NATIONAL PAVEMENT PRESERVATION CONFERENCE



Key Project Assumptions

 Life expectancy data for the alternatives was obtained from a
3'd party (National Center Pavement Preservation) survey of
state transportation agencies (17 states responding)

— 6 years for all alternatives

 Life Cycle costing:
— Both financial and social discount rates were used

— Lane rental fees were used to capture the delay costs associated with
construction activities

— Costs for alternatives are industry/national averages and provided by
manufacturers.

 Industry avg. data used for compositional data for alternatives.

* Credit (both environmental and cost) given to alternatives for
remaining value left in road at end of study timeframe

 Data related to work zone accidents & fatalities obtained from
DOT — FHWA data
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Key Project Assumptions

* Energy requirements for producing and applying the asphalt
alternatives were obtained from:

— VL Swedish Environmental Research Institute’s Life Cycle
Assessment of Road, 2" edition 2001.
— Colas, Life Cycle Analysis, The Environmental Road of the Future,

2003
— Various manufacturer — industry data

* Energy for grinding tire rubber was considered

« Transportation Impacts consideration:
— Binder — Fiberglass: 100 km

— Aggregate: 50 km
— Disposal — Recycle: 100 km
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Environmental Impact
Energy Consumption

TO00000 O DOisposal

GO00000 H Construction Workers
O Transportation

5000000

OFProduction & Storage

4000000

2000000 ORoad Markings
OFiberglass
1000000
B Aqgreqate
u T T T
GTRH Fiber Reinforced SBR Modified SBS Modified O Chip Seal Binder

The biggest contributor to energy consumption for each alternative is the
manufacture of the asphalt binder. GTR has the highest impact based
on the extra requirements for pre-coating the aggregate as well as higher
manufacturing and application temperatures.




Environmental Impact
Resource Consumption

140
120 O Disposal
B Construction Workers
@ 100
= -
; _ O Transportation
E 20 B Application
m
E O Production & Storage
=3
; 60 - B Precoating Aggregate
F
=40
u OFiberglass
B Aggregate
20
O Chip Seal Binder
0

GTR Fiber Reinforced SBR Modified SBS Modified

The asphalt binder, aggregate, road markings and
disposal/transportation modules have the largest impact in the
raw material usage category.
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q COD2 equivalentsiUB

Environmental Impact
Global Warming Potential

250000000

200000000

150000000

50000000 -
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GTR Fiber Reinforced SBR Modified SB5 Modified

O Disposal

B Construction Workers

O Transportation

B Application

O Production & Storage

B Precoating Aggregate

O FRoad Markings

OFiberglass

B Aggregate

O Chip Seal Binder

Activities related to the production and storage of GTR as well as the
pre-coating of aggregate contribute to GTR having the highest GWP.
CO, emissions from the manufacturing / application of the road

markings also is a significant contributor.

(XX
0.0 o
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Environmental Impact
Solid Waste Emissions

35000
O Disposal
20000
B Construction Workers
o1]
= 25000 .
= O Transportation
F
E 20000 B Application
E
& 15000 O Production & Storage
&
I
; 10000 EPrecoa ting Aggregate
"
.E' 5000 ORoad Markings
£
= L r r T
-
B Aggregate
-5000
O Chip Seal Binder
-10000

GTRH Fiber Reinforced SBR Modified SBS Modified

GTR has the lowest impact for solid waste emissions.
This Is directly related to the diversion of tires from landfill
and use in the GTR chip seal.
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Environmental Fingerprint

Energy Consumption - GTR

Land Use \ Emissions —Fiber
“ Reinforced
_ A _ SBR Modified
Resource Consumption g Toxicity Potential
.
Occupatidiial llinesses and Accidents = SBS Modified

1,0 = worst position,
better results ordered
relatively, <1

GTR chip seal scores highest in all categories except
toxicity potential. Emulsion based technologies score
similar impacts.
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Overall Economic Results

LIFE CYCLE COSTS GTR Fiber Reinforced SBR Modified SBS Modified
Chip Seal material Cost blyd2 2.3 28274 2 262 2202
Paverment Costs §iCB §57 519 §64 42 §54 896 §54 596
Striping Material Cost §/CB §15 633 §15 633 §15 533 $15533
Disposal Costs §/CB 52 965 §3,321 §3,306 53,306
Lane Rental Fees §/CH §15 481 §15 481 §15 481 §15 481
Total Cost §/CB $91 598 §99 076 §39 318 $89 318

The installed material costs Is the largest contributor to the
overall life-cycle costs. The SBR/SBS emulsion
technologies have the lowest overall life-cycle cost for this
study. Fiber Reinforced has the highest life-cycle costs.
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Eco-efficiency Portfolio:
Base case

0.8
£
'
)
E
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o
1=
3
2 1.0
©
bt
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]
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o

1.2

Preventive #GTR

maintenance of
a 1 mile stretch
of a 12 foot
lane of a rural
road to a
similar profile
and
performance
using best
engineering
practices over
a 40 year
period

o Fiber Reinforced

©SBR Modified

© SBS Modified

05% significance

1.2 1.0 0.8

costs (norm.)

For this study, the SBR/SBS emulsion
chip seals are the most eco-efficient.
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Eco-efficiency Portfolio:
Scenario #1: Increased durability for Fiber Reinforced

LIFE CYCLE COSTS [  GTR | Fiber Reinforced | SBR Modified |  SBS Modified |
Chip Seal material Cost Bypdd 237 2.8275 2262 2252
Pavement Costs CE 57 519 156,135 54 895 f54 895
Striping Material Cost T/CB $15 633 $13,701 $15 6533 $15 633
Disposal Costs B 52 965 §2 7a7 §3,306 §3,306
Lane Rental Fees T/CH £15 481 $13 636 $15 481 §15 481
Total Cost /CE $91 595 $56 220 89 318 89 318
08 r=
Energy Consumption 2 « GTR
Emissions
g # Fiber Reinforced
Toxicity Potential 210 SBR Modified
Occupational llinesses and Accidents % & ok it
<2 5% significance

1.2 —
1.2 1.0 0.8

costs (norm.)
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For More Information:

Bruce Uhlman, LCACP
BASF Corporation - Product Stewardship
Sustainability Programs
Tel: (973) 245-7187
Email: bruce.uhiman@basf.com

www.basf.com/sustainability
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