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I.  What Is Net Zero?

Net Zero is a goal of at least 138 nations, wherein by the year 2050 (or sooner) the 
quantity of “carbon emissions” emitted to the atmosphere by those nations is

Oct. 2021Source of graphic is 
Reference 4.

equal to quantity of 
“carbon emissions” 
removed from the 
atmosphere by either 
natural means and by 
man-made 
technologies.
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Goals were once linked 
to a reference year, like 
1990.  



I.  What Is Net Zero?

Net Zero:  the UN goal is more directly ambitious.

Source of graphic is 
Reference 4.



II.  What Are “Carbon Emissions?”

“Carbon emissions” linked to atmospheric temperature rise are also called 
Greenhouse Gases (GHG’s), with significant examples being

H20 

CO2

CH4

N2O

Chlorofluorcarbons (CFC’s), HCFC’s, CC’s, BC’s, etc. (over 7 dozen in Reference 2)

SF6 and other fully fluorinated compounds



II.  Carbon Emissions & GHG Environmental Impacts

GHG’s absorb thermal energy (heat) to differing degrees.  So, GHG’s act like the 
glass roof of a greenhouse, tapping heat in the Earth’s atmosphere. 
GWP

To enable calculations of total environmental impacts of a mixture of different GHG’s, 
scientists use an index called the Global Warming Potential or GWP.

Also, GHG’s persist in the atmosphere for different periods of time.   So, the GWP 
also reflects the heat absorption capacity of the GHG for a given number of years. 
100 years is the most common period considered in the USA.

GWP indexes a gases capacity to absorb (trap) heat in the atmosphere for a given 
period of time



GWP Values of Select GHG’s

Source of data is Reference 2. & (a)  Ohta, T., et.al. Heat Capacity of SF6, J. Chem. Thermo., 1994, 26, 3, 319.

GWP = kg CO2-equiv = kg CO2 + 26*kg CH4 + 298*kg N2O +400-12,000*kg HCFC + 22,800*kg SF6

Chemical Name Chemical 
Formula

Heat Capacity, 
kJ/kg/°K

Lifetime in 
Atmosphere,    

years
GWP 100-year

Carbon dioxide CO2 0.6 (0°C) 1000’s 1
Methane CH4 5.79 (-100°C) 12.4 25 - 28

Nitrous Oxide N2O 121 265 – 300
Chlorofluorocarbon

CFC-11 CCl3F ~ 1-1.5 45 4660
Hydrochlorofluorocarbons

HCFC-21 CHCl2F 1.25-1.5 (-25 to 25°C) 1.7 148
Chlorocarbons

Methylene chloride CH2Cl2 - 0.4 9
Fully Fluorinated Species

Sulfur hexafluoride SF6 1.99 (at STP) 3200 22,800 – 23,500



III.  GHG Origins

Source of Table 
is Reference 3.



III.  GHG Origins

Source of Table 
is Reference 3.

For decades, SF6 has been the 
preferred dielectric in medium (1-
36 kV) to high-voltage switch-gear, 
transformers, and circuit-breakers, 
(to prevent arcing).



III.  Who Makes All the GHG’s?

Source of data is Reference 4.



III.  What Are These Nations Doing to Emit So Much 
CO2?

Source of data is Reference 4.

2018



National Initiatives and Goals for Net Zero
www.visualcapitalist.com Map of Nation pledges by target year

Not all countries 
are starting in 

the same place 
on the road.

Most nations 
have pledged to 
be Net Zero in 
2050.



National Initiatives and Goals for Net Zero
www.visualcapitalist.com Map of Nation pledes by target year



National Initiatives and Goals for Net Zero

Moss, J. et. al., “Practical Justice Initiative,” 
2018,  climatejustice.co/carbon-majors/



National Initiatives and Goals for Net Zero

Moss, J. et. al., “Practical Justice Initiative,” 
2018,  climatejustice.co/carbon-majors/



National Initiatives and Goals for Net Zero

Beijing, el lunes, 15 de marzo de 2021:
PM2.5 = 655 μg/m3

PM10 = 6450 μg/m3

Jan. 28, 2022:  Beijing has punished nearly 
50 executives in Tangshan steel 
manufacturers for faking pollution data



What Are Other Organizations Planning?  The IEA

October 2021

Critical (prioritized) areas for 
sustainable technology 
development should be 

electrification (solar PV &    
wind & nuclear (France, e.g.)

hydrogen alternative to CH4 in
homes/diesel in transport (from
electrolyzers), 

bioenergy, biofuels, and 

carbon capture, utilization, and  
storage (CCUS) and direct-air
CCUS.

Incidentally, < 0.2% of the 5 G-tons of CO2 /year in the USA results from asphalt mix 
production (in Stage A3 of LCA).



What Are 
Other 
Organizatio
ns Planning?

The 
International 
Energy 
Agency

Source of graphic 
is Reference 5.

No new sales of 
fossil fuel boilers Universal energy access

All new buildings are 
zero-carbon ready
60% of global car 
sales are electric 50% of existing 

buildings are retrofitted 
to zero-carbon-ready 

levels

Most appliances & 
cooling systems are 

best in class

>80% of buildings 
are zero-carbon-

ready

2025

2021

2030

2035
2040

2045

2050

4 Gt CO2 captured

2020              2025              2030             2035               2040             2045              2050

7.5 Gt CO2 captured

150 Mt low-carbon H2 fuel
850 GW electrolysers

435 Mt low-carbon H2 fuel
3000 GW electrolysers

40
35
30
25
20
15
10

5
0

Gt CO2

No new, unabated 
coal plants approved 

for development

No new oil & gas 
fields approved for 
development; no 
new coal mines or 
mine extensions

Most new clean 
technologies in heavy 

industry demonstrated 
at scale

1020 GW annual solar 
& wind additions

Phase-out unabated 
coal in advanced 

economies

50% of heavy truck 
sales are electric

No new ICE car sales

All industrial electric 
motor sales are best 

in class
Overall net-zero 

emissions electricity 
in advanced 
economies

>90% of heavy 
industrial production 

is low emissions

Nearly 70% global 
electricity from 
solar PV & wind

50% heating demand 
met by heat pumps

Phase-out all 
unabated coal & oil 

power plants

Net-zero emissions 
electricity globally

ca. 90% of existing 
capacity in heavy 

industry reaches end 
of investment cycle

50% of aviation fuels 
are low-emissions

PV & wind = 20% of 
electricity supply

Oil Demand = 50% 
of 2020 Levels

Renewables = 90% 
of electricity supply



New Technologies for Carbon Capture Use & 
Sequestration

Chart “Global CO2 Capture by Sector 2019-2070” from Ref. 3.

ExxonMobil “plant to achieve net zero greenhouse gas emissions (Scope 1 and 2) 
from our unconventional oil and natural gas operated production in the Permian 
Basin in the United States.”  (Ref. 6)  Implementation elements of their plan 
include wind, solar PV, CH4 with CCUS; minimize flaring; equipment upgrades.



New Technologies for Carbon Capture Use & 
Sequestration

Chart “Global CO2 Capture by Sector 2019-2070” from Ref. 3.

ExxonMobil “plant to achieve net zero greenhouse gas emissions (Scope 1 and 2) 
from our unconventional oil and natural gas operated production in the Permian 
Basin in the United States.”  (Ref. 6)  Implementation elements of their plan 
include wind, solar PV, CH4 with CCUS; minimize flaring; equipment upgrades.

11 companies announced in September 2021 their 
support for advancing CCS in Houston. That effort is 
estimated to require more than $100 billion in private and 
public investments and generate thousands of new jobs.

Exxon Mobil Corp. announced yesterday it will relocate 
its corporate headquarters to the Houston area from 
suburban Dallas and combine its chemical and refining 
divisions in a major shake-up aimed at reducing costs.



Source of graphic 
is Reference 5.

What Are Other Organizations Planning?
The UK Concrete and Cement Industry



The Asphalt Industry Is Already Positioned Well

Richard Willis, NAPA Conference, Phoenix, AZ, January 2022.



The Asphalt Industry Is Already Positioned Well
In 2016, NAPA published its first Life Cycle Assessment and accompanying Environmental Product Declaration 
tool (Emerald EcoLabel) for asphalt mixtures in the USA covering raw material harvesting (A1) to the mix 
plant gate (A3).  

Environmental
product declarations
provide information
on the
environmental
impacts of products
through their entire
life cycle or some
portion thereof.



The Asphalt Industry Is Already Positioned Well

Presentation by Richard Willis, Ph.D., VP Engineering Research & 
Technology, NAPA, NAPA Annual Conference, Phoenix, AZ, January 2022.



The Asphalt Industry Is Already Positioned Well

Richard Willis, NAPA Conference, Phoenix, AZ, January 2022.

A Strategic 
Plan Has 
Been 
Developed
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An Example of Carbon Offsets:  Trees

European Environment Agency. (2012). Trees help tackle climate change. [online] Available at: 
https://www.eea.europa.eu/articles/forests-health-and-climate-change/key-facts/trees-help-tackle-climate-change.

Carbon capture by trees depends on 
many factors including the species of 
tree (broader crown and wider leaves, 
e.g.) and its size (larger trees have more 
leaves for CO2 capture).

An average mature tree captures 
(converts CO2 to sugars in 
photosynthesis) about 48 lb of CO2 per 
year.

Angel Oak, a live oak in Charleston, is 
400-500 years old.



CCPR:  A Tool for Low-Carbon Capacity Expansion?

Source Reference 11.
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CCPR:  A Tool for Low-Carbon Capacity Expansion?

Adriana Vargas, PhD, “Structural Contribution Of Recycled Sections On Lee Road 159 And US 280,” NCAT Test 
Track Conference, Seventh Research Cycle, 22-24 June 2021.



CCPR:  A Tool for Low-Carbon Capacity Expansion?

Adriana Vargas, PhD, “Structural Contribution Of Recycled Sections On Lee Road 159 And US 280,” NCAT Test 
Track Conference, Seventh Research Cycle, 22-24 June 2021.

IRI less than 95 
in/mi are 

considered to 
be “good” road 

segments.

After 6 years of service



CCPR:  Binder Is Not Age-Hardened During Mix 
Production

Source Reference 10.

Plot slopes versus temperature (0.0093, 
163), (0.0064, 145), (0.0025, 130) and you 
find at 117°C, this binder doesn’t harden in 
the RTFO (i.e., the slope = 0).

Nynas scientists cored wearing courses 
constructed with emulsion-based virgin cold 
mixtures after 15 years.  The binder stiffness 
had changed only slightly.  “Cold mix” means 
ZERO oxidative aging during mix production.



CCPR:  A Tool for Low-Carbon Capacity Expansion?

To learn more about CCPR, you can 
visit roadresource.org



Tools At-Hand and Innovations in the Offing 
GREEN TOOLS ALREADY IN USE OR UNDER DEVELOPMENT

RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders

30K tons RAP = 70, 6K AC transports + 28.2K tons Virgin Agg

Marks, H. NAPA, SEAPUG Hilton Head, 2009

Five Phases of Pavement LCA



Tools At-Hand and Innovations in the Offing 
GREEN TOOLS ALREADY IN USE OR UNDER DEVELOPMENT

RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders

Euobitume Life Cycle Inventory of Bitumen, 2012.

Bituminous Liquid
Bitumen 

Emulsion(a)
Unmodified 

Bitumen

Polymer-
Modified 
Bitumen

Functional Unit (F.U.), tonnes 1 1 1
Converted F.U., tonnes practical liquid(b) 1.667 1 1
Converted F.U., lb 3675 2205 2205
Reported Emissions to Air, CO2 / F.U., 
grams 255669 226167 346016

Reported Emissions to Air, CO2 / F.U., lb 563.1 498.2 762.1
CO2 emissions, lb / lb bituminous liquid 0.15 0.23 0.35
% Difference Compared to Unmodified 
Bitumen -32 0.0 53

(a) Eurobitume reported emulsion functional unit as 1 tonne of bitumen residue.
(b) 1 tonne of bitumen residue in a 60% residue emulsion, would convert to 1.667 
tonnes emulsion.

Five Phases of Pavement LCA



Tools At-Hand and Innovations in the Offing 
GREEN TOOLS ALREADY IN USE OR UNDER DEVELOPMENT

RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles

Five Phases of Pavement LCA



GREEN TOOLS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesels & renewable biodiesel; Electric vehicles

Holly-Frontier
125 MMgy Artesia - PTU

90 MMgy Cheyenne – RDU on line 2022

The U.S. National Biodiesel Board is forecasting 22.6 billion 
litres (6 B gallons) of new annual renewable diesel 
production capacity by 2024, in addition to today’s 3.7 
billion litres (0.8 B gallons).

Tools At-Hand and Innovations in the Offing 
Five Phases of Pavement LCA



GREEN TOOLS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesels & renewable biodiesel; Electric vehicles

Source of Data is Ref. 12

Up to 6 B gallons of new annual renewable diesel

Tools At-Hand and Innovations in the Offing 
Five Phases of Pavement LCA



GREEN SOLUTIONS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles
WMA & rejuvenators; higher RAP; New equipment; new fuels; CCPR 

Tools At-Hand and Innovations in the Offing 
Five Phases of Pavement LCA



GREEN SOLUTIONS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles
WMA & rejuvenators; higher RAP; New equipment; new fuels; CCPR 

www.gov.uk/government/news/highways-england-accelerates-
switch-to-lower-carbon-asphalts

Tools At-Hand and Innovations in the Offing 
Five Phases of Pavement LCA



GREEN SOLUTIONS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles
WMA & rejuvenators; higher RAP; New equipment; new fuels; CCPR 

Tools At-Hand and Innovations in the Offing 

In the UK, EPD’s for 
asphalt mixtures 
reflect the fact that 
“energy allocation” is 
different for HMA and 
WMA.

Five Phases of Pavement LCA



GREEN SOLUTIONS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles
WMA & rejuvenators; higher RAP; New equipment; new fuels; CCPR 

Tools At-Hand and Innovations in the Offing 

HMA WMA

Excerpted from Tarmac Public EPD’s

Five Phases of Pavement LCA



GREEN SOLUTIONS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles
WMA & rejuvenators; higher RAP; New equipment; new fuels; CCPR 

Tools At-Hand and Innovations in the Offing 

HMA WMA

Excerpted from Tarmac Public EPD’s

-9% GWP

Five Phases of Pavement LCA



GREEN SOLUTIONS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles
WMA & rejuvenators; higher RAP; New equipment; new fuels; CCPR 

Biodiesel & renewable biodiesel; Electric vehicles
Improved densities (WMA compaction aid); New equipment

1989

Reference 13.

“… each 1% increase in air voids (over a 
base air void level of 7 percent) results in 
about a 10% loss in pavement life (or 
about 1 year less).”

Tools At-Hand and Innovations in the Offing 



GREEN SOLUTIONS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles
WMA & rejuvenators; higher RAP; New equipment; new fuels; CCPR 

Biodiesel & renewable biodiesel; Electric vehicles
Improved densities (WMA compaction aid); New equipment

1989

Reference 14.

“A 1% increase in in-place density was 
estimated to extend the service life by 
10 percent, conservatively.”

Five Phases of Pavement LCA

Tools At-Hand and Innovations in the Offing 



GREEN SOLUTIONS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles
WMA & rejuvenators; higher RAP; New equipment; new fuels; CCPR 

Biodiesel & renewable biodiesel; Electric vehicles
Improved densities (WMA compaction aid); Tamping screeds; New equipment

During USE PHASE, pavement 
maintenance and preservation tools
provide our industry with numerous 
proven technologies for extending the 
service life of pavements both cost-
effectively and with very low carbon 
intensity.

Tools At-Hand and Innovations in the Offing 
Five Phases of Pavement LCA



GREEN SOLUTIONS ALREADY IN USE OR UNDER DEVELOPMENT
RAP, RAS, Slag, Fly Ash, Jet Grout Waste; Bio-binders, asphalt rubber, plastic extenders
For example, biodiesel & renewable biodiesel; Electric vehicles
WMA & rejuvenators; higher RAP; New equipment; new fuels; CCPR 

Biodiesel & renewable biodiesel; Electric vehicles
Improved densities (WMA compaction aid); Tamping screeds; New equipment

Tools At-Hand and Innovations in the Offing 

And, we have had 
Perpetual Pavements 
(50-yr service lives) 
technology since the 
1970’s.

Shown I-90 in 
Washington State 
(from WA DOT)

Five Phases of Pavement LCA



CCPR and Increased Capacity without Increased 
GWP



CCPR and Increased Capacity without Increased 
GWP

NAPA Source Ref. 9. www.bts.gov/newsroom/dot-releases-30-year-freight-projections



CCPR and Increased Capacity without Increased 
GWP

NAPA Source Ref. 9.
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www.bts.gov/newsroom/dot-releases-30-year-freight-projections

Value of Goods Shipped in the USA is projected to 
increase by $620 billion per year until 2045.  87% of that 
value is carried by trucks on our highways.



CCPR and Increased Capacity without Minor GWP

NAPA Source Ref. 9.
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We Can Increase Capacity with Reduced GWP

NAPA Source Ref. 9.
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60-87% of our GDP depends on truck-shipped goods.

Value of Goods Shipped is projected to increase by 620 Billion US$ / year to 2045.

Vehicle-Miles Traveled increases by 45.25 billion vehicle-miles traveled/year.

But highway capacity has increased at only 23,855 lane-miles per year.

Can highway capacity growth (23,855 lane-miles/year = 8 lane-miles / county) 
support GDP growth projections?

Funding issues, notwithstanding, can we increase capacity while also reducing our 
industries carbon emissions using at-hand tools:

more recycle-ables, more reduced temperature mixtures, more CCPR, more 
perpetual pavements, to name a few



- Lowering fossil fuel consumption,
- Reducing the industry’s carbon footprint,
- Reducing emissions of air pollutants, odors, and GHG’s,
- Allowing higher recyclables consumption and reducing waste, and 
- Imparting superior performance and longer service life.

Industry growth and highway capacity increases can be met, all while...

Renewable fuels, equipment improvements, electrification (Scope 3 wind & solar), 
WMA, CCPR, rejuvenators, are elements of a viable strategy to meet our 2050 socio-
economic (equity) and environmental (net-zero) goals.

We Have the Tools to Increase Capacity with 
Reduced GWP



SOCIEDAD
La Gente

habitable equitable

viable

DRIVE TO NET ZERO
Romantic era appeal for Nature 

clashed with rapid 
industrialization in the late 1900’s

Urbanizacion

Major cities increasingly
polluted 

Western
consumerism
auto booms

Social Revolution of the 
1960’s

1970:  USA Clean Air Act; EPA created;
First Earth Day

1972 EU Environmental Action
Program initiated

Rio ’92, Kyoto ‘97
Paris 2015

1964 USA 
Civil Rights Act

1998 Aarhus Convention for Social Justice & the 
Environment

2003 EU law for justice & the 
environment 

1987 “Toxic Waste 
& Race”

1987 Bruntland Comission: 
“Inequality is the main environ-
mental problem on this planet”

2021 E.O.
13990

2018 Escazú

LCA’s & 
EPD’s

Net Zero via Environmental & 
Economic Sustainability

Net Zero via Social Equity &
Environmental Justice

Clinton EO 12898:  Social & 
Environmental Justice

The Long Arcs of Economic, Social, and Environmental 
Progress



A Tipping Point

“Earthrise” 
taken by Bill 
Anders, 
Christmas Eve, 
1968, as he and 
two other 
Apollo 8 
astronauts 
began mankind’s 
first orbit 
around the far 
side of the 
moon.



Have We Reached Our Tipping Point?

What’s our modern 
“Earthrise?”



Changes in Human Behavior – the Lurking Variable
What can we sacrifice for 
progress?

Entity in 2018 land use farm
animal 

feed processing transport retail packaging SUM
Beef (beef herd) 16.3 39.4 1.9 1.3 0.3 0.2 0.2 59.6

Lamb & Mutton 0.5 19.5 2.4 1.1 0.5 0.2 0.3 24.5

Cheese 4.5 13.1 2.3 0.7 0.1 0.3 0.2 21.2

Beef (dairy herd) 0.9 15.7 2.5 1.1 0.4 0.2 0.3 21.1

Dark Chocolate 14.3 3.7 0 0.2 0.1 0 0.4 18.7

Coffee 3.7 10.4 0 0.6 0.1 0.1 1.6 16.5

Pig Meat 1.5 1.7 2.9 0.3 0.3 0.2 0.3 7.2

Poultry Meat 2.5 0.7 1.8 0.4 0.3 0.2 0.2 6.1

Fish (farmed) 0.5 3.6 0.8 0 0.1 0 0.1 5.1

Eggs 0.7 1.3 2.2 0 0.1 0 0.2 4.5

Rice 0 3.6 0 0.1 0.1 0.1 0.1 4

Tofu 1 0.5 0 0.8 0.2 0.3 0.2 3

Milk 0.5 1.5 0.2 0.1 0.1 0.3 0.1 2.8

Wine -0.1 0.6 0 0.1 0.1 0 0.7 1.4

Soymilk 0.2 0.1 0 0.2 0.1 0.3 0.1 1

Peas 0 0.7 0 0 0.1 0 0 0.8

Other Fruit 0.1 0.4 0 0 0.2 0 0 0.7

Potatoes 0 0.2 0 0 0.1 0 0 0.3

Root Vegetables 0 0.2 0 0 0.1 0 0 0.3

Citrus Fruit -0.1 0.3 0 0 0.1 0 0 0.3

Nuts -2.1 2.1 0 0 0.1 0 0.1 0.2

The pup will 
emit 2 X’s 

my SUV 
when fully 

grown

13.2 lb GWP8.8 lb GWP



Thank You.
Everett Crews, Dir. R&D Pavement Technologies

Ingevity Corporation
Email:  everett.crews@ingevity.com
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