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A Serious Problem
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From the VehiCIES we drive...
to the Air We Breathe
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Climate vs. Ozone



Greenhouse Gases

CO, Prime Contributor to
‘Global Warming’ Effect

NO_ _ Major Cause of
Ground Level Air Pollution
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KNOW YOUR N\TROGEN OXIDES

Air pollution has been in the news Wi
has included @ 1ot of talk of nitrogen oxides. Here's a guide 10 which is which!

NO, NO

NITROGEN OXIDES

v Toxic to Humans

The x represents 2 number: either 1 (for Air pollutant formed by high remperature
ogen in aif. It reacts with

nitric oxide) of 2 (for nitrogen dioxide). oxidation of nitr
hicles. Nitrous atmospheric oX en to form nitrogen

Both are pr uced by ve
oxide isn't included in this generc term. dioxide, and can also deplete ozone.

no, WN.©

NITROUS OXIDE
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Ozone Crisis

Oxides of Nitrogen 300x as Toxic as Carbon
Dioxide (CO:e)'

Cars idle for 24% of time

Negligible Speed Causes Not Just Snarls But Also Massive Pollution: IIT-D Study SO u
rces of NOx

w tom 1
Wi NG -..—uu-uf'-mmmquu, ver tra

385 miillion equivalent metrictons NO, '

45% of Americans Exposed to ‘Near-Roadway’ Pollution *

Javashree Nandi
@timesgroup com
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'One ton of Nitrous Oxide equals 298 tons of Carbon Dioxide equivalent: Environmental Protection Agency.
2y.s. Census Blocks (2010) within 500 meters of ‘High Volume’ roads by AADT: U.S. Department of Transportation:;
Health Effects Institute, Boston, 2010.

*rexas A&M Transportation Institute, 2000.

Environmental Protection Agency 10
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THE PUOR oceur in low- and

AND THE middle-income
countries. Children g J

VULNERABLE, [Py sy *

& ILLION T
Pollution costs the global o
economy $4.6 rillion per | orisuice.
year, equivalent to 6.2%
of global economic output. '1

We can all help to make a dif

Governments International don
Implement programs  foundations, & int
to reduce polluion.  Prioritize funding fo
End special treatment ~ planning, interventit
for polluing industries. and research

Human Toll

Deaths attributable to air pollution

LUNG DISEASE
& CANCER

43%

Causes 1.8M deaths due to
lung disease and cancer
every year

STROKE

24%

Causes 1.4M deaths
from stroke each year

HEART DISEASE

25%

Causes 2.4M deaths
due to heart disease
every year

9 million Deaths Annually'

'The Climate Reality Project: World Health Organization; Climate and Clean Air Coalition; Global Alliance on Health
and Pollution; and Environmental Defense Fund.

One in Four
American Kids
has Asthma

38% Caused
by Pollution




Billion

ANNUALLY

Health and environmental costs of air pollution from industrial facilities in Europe

Total damage costs in 2012

spent on pro\o
W“"‘:“z Total damage costs in 2012:
long:ter €59 billion (and up to € 189 billion)

Main air pollutants
(NH,, NO_, PM,_, SO,, NMVOCs)

€ 40 billion

(and up to € 115 billion)

Carbon dioxide

€ 18 billion

(and up to € 73 billion)

$4.6 trillion or 6% | e

(As, Cd, Cr, Hg, Ni, Pb)

€ 0.34 billion

Of G Io bal G D P 1 Organic pollutants

(benzene, dioxins, furans, PAHS)

€ 0.10 billion
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$3.5 trillion
annually

Mhood cone

T cer, thidh
chittass reurcbebayicond sine .u:!-
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F —
8254 million L?ﬂ/
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Note: The low-high range of damage cost values reflects 3) the Giferent approaches used L0 value health IMPacts from air poBULIoN and b) the range of values used Lo estmate
d damage costs

'NYU Langone Medical Center; European Environment Agency: Carnegie Mellon University: and
Global Alliance on Health and Pollution.
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Ozone Nonattainment ©
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Flgure 1: Core-Based Statlstical Areas (CBSAs) and Rural Countles That Would Violate a 60 ppb Ozone Standard Based on 2011-2013 Data

8 Hour Ozone Nonattainment

® Monitored CBSAs and Rural Counties That
Would Be Violating a 60 ppb Standard

= Unmonitored Areas That Have Estimated
Ozone Levels That Would Be Violating a 60
ppb Standard (Based on Spatial Interpolation)

I Monitored CBSAS and fural counties thal would be violating a 65 pp standard
I Unmonitored areas that are anticipated to violate a 65 ppb standard based on spatial interpolation

Based year period. 2011-2013.
>

Source: 1-2013 d fom i ttp: ircata/ on June 2, 2014, 60ppb PR SS 65PPb

Expected Limit Current Limit

Environmental Protection Agency projections 14
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Unhealthy air
for some people
with heart &
respiratory
issues.
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> Avoid prolonged
activity in the
late aft. and
evening.
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AIR QUALITY ALERT
OZONE ACTION DAY
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Higher-than-Normal
Levels of OZONE

Sensitive Groups Should
Limit Time Outside

Elevated OZONE Levels
Possible Saturday
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The
Economist

Problem in the air

Heathrow’s third runway could be

blown off course by pollution
Emissions may breach the government’s clean-
air rargets

London NO2

Heathrow

39. Source: Interim update to LAEI 2010 for ULEZ assessment, provided by TfL
\"to://pollc\.euchanze,o{;uk/lmazes/nubllunoﬂs/un%zo-n’520(he’—:20:1r.ndf j

Heathrow Emissions

m Aircraft Taxi, Takeoff

m Aircraft on the Ground

®Terminal

Transport for London and Heathrow Airport

16

-



i 3

,fRJJeaI Science. Real Results.

L=



Current Solutions Failing
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Electric Vehicle Conundrum B
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EV Drawbacks are Significant FIGURE 12.
v Forecast for RISING NO, under EV ' Comparison of Total NOx and SO,
. . Emissions—ZEVs and ICVs
v Electricity Production worse for Environment
Tons
v' EVs Produce 50% More Greenhouse Gases* 24,000
20,000 >

v New Gasoline Engine Standards Lowering Emissions
v Renewables: Unreliable, Not Storable and High Cost *
Mion 4 16000

v' Cost to Overhaul US Energy Infrastructure >$10 Trillion
12,000

Materials throughput by type of energy source
8,000
SO,-ICVs

Other
(incl
¢

18000
é 13500
9000 - ol
. et 4,000
refineries)
0
2016 2020 2024 2028 2032 2036 2040 2044 2048

&
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&
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g 4500
#
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Source: EIA Annual Energy Outlook 2018 and author calculations

|

Hyclro

Wind
Energy Source

Sotar PV

19

U.S. Energy Information Administration; Manhattan Institute; PG&E

U.S. Department of Energy

Lesser JA, Short Circuit: The High Cost of Electric Vehicle Subsidies.

Manhattan Institute, May 2018
Tsinghua University, Applied Energy [Journal], May 2018

2. . .
U.S. Department of Energy. Quadrennial Technology Review 2015
University of Texas (Austin) Energy Institute; Stanford University, School of Earth, Energy & Environmental Sciences
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It would take -7 billion
Solar Panels to Support
the Conversion of the US
Auto Industry

PAV,
2
TS

--;::3 ‘:F- - "/‘.“/ PR ———— e SR

20

'Glenn H and Ost I, pick-my-solar.com, May 2018; Herron, David, GreenTransportation.info; BlackwallPartners LLC estimates.
2Rsc Backgrounder: 4 Greedy New Steal, The Republican Study Committee, February 2019, Mike Johnson, Chairman.
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Commuter Pushback

132 Million Americans Commute to Work' CMAQ Fun dzi(?l% Dispersion

Commuter Preference vs. Funding Mismatch

v' Since 1980 Drivers INCREASING Independence

v 50% of Funds Spent on <5% Public Transit Adoption
v’ Carpooling Dying Slow Death

mTransit
m Traffic Flow

Shared Ride

mBicycle / Ped

Commuting by Automobile: 1960 to 2013

(Percentage of workers. Universe: workers 16 years and older. Data based on sample. For information on confidentiality —_ . L B

protection, s g error, g error, and see www.census.gov/acs/wwwy) BleC/e Other Means ~.

0.4% 0.9%
Total automobile < — ais 87.9 86.7 86.3 gs.8 MOtOI'CyC/e : Walk
77.7 BN Taxi 0.2% 2.5%
= axi
75.7 76.0 766 76.4 0.1% vork flom Home
64.0 9 73.2 * 3.6%
64.4 " Drove alone Public TfanSportatiOn
4.7%
Car Pool
. 10.7%
rive
19.7 Carpooled Alone
134 12.2 77%
; 10.7 97 94
1 1 1 1 1 1 1 1
1960 1970 1980 1990 2000 2006 2010 2013

Census Census Census Census Census ACS ACS ACS *
____________________ e |
'U.S. Census Bureau, American Community Survey (ACS) 2017; Brookings Institute, Federal Highway Administration: BlackwallPartners LLC estimates

America’s Commuting Choices: 5 Major Takeaways from the ACS.
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HOV Lanes
Have Failed
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Ride Share? Well...

23
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Our Sun Emits 3.86 x 10*¢ Watts of Energy (Hint: A lot)

Wait... The Sun is the
Great Untapped Resource



“America needs an Energy Policy that’s Big
Enough to Matter: yet Politically Correct
Enough for the General Public”

Kenneth A. Hersh, CEO George W. Bush Center

Green New Deal Price Tag >$90 Trillion



“U.S. needs Greenhouse Gas ‘Capfure
Technologies’ to provide Grid Reliability and
fo Reduce Energy Costs”

Rob Jackson, Senior Fellow Stanford Earth
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Solar Power: Catalyticvs. Voltaic

Photocatalysis: Direct “Capture Technology”

v Natural Photocatalyst TiO2 Absorbs Light Energy Becoming “Active”
v Electrochemical Energy Field Develops

v Adsorbed Pollutants Oxidized Traveling thru Field

v’ Capturing & Removing the Airborne Threat

v Powerful, Cheap and Sustainable at Source

Photovoltaic: Indirect “Conversion Technology”

v Manufactured Solar Cells installed to Absorb Light Energy
v Creates Electric Current

v Must be Transferred Immediately or Squandered

v Unreliable - Difficult and Prohibitively Expensive to Store
v’ Costly, Weak Energy only Pseudo-Sustainable

28
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A Serious Solution
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NOx Capture

[Solar Energy-Based]
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Photocatalysis w/ TiO2 =i

SINgE 19\L i Titanium |

pho-to-ca-tal-y:-sis
~fodoka 'taleses/

Noun CHEMISTRY
the acceleration of a chemical reaction by light

Photocatalysis is the acceleration of a photo-reaction by a semiconductor, where Photo-
Catalytic Activity (PCA) is naturally occurring when the catalyst excites in the presence of
radiant energy causing secondary molecular reactions. Its practical application was made possible
by the discovery of water electrolysis by means of titanium dioxide or TiO2 in the seventies.!

Photocatalysis promises a solution to the challenges associated with the intermittent nature of
sunlight which is considered as renewable and the ultimate energy source to power activities on
Earth.

In the excited state, TiO2 triggers two simultaneous reactions - oxidation of near-field molecules
from a photo-generated positive charge (electron holes) and reduction of oxygen via the escaping
electrons in a process referred to as Redox, creating an electrochemical energy field.

Selective Catalytic Reduction (SCR) occurs as “Victim Molecules” such as NOx and VOCs travel

through the energy field and are oxidized instantly (Photo-Catalytic Oxidation) while the catalyst
TiO: itself is not altered nor exhausted.

-------------------- 31

1Hondu-Fuiishimo effect: Fujishima A and Honda K, Electrochemical Photolysis of Water at a Semiconductor
Electrode. Department of Applied Chemistry, School of Engineering, The University of Tokyo,1972.
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Photocatalysis w/ TiO2

Basic Quantum Mechanics drive

Photo-Reactivity of TiO:2
Natural Chemical Reaction

TiO, Properties / Advantages

v’ Strong Oxidizer/De-polluting
v Light-Remitting s Heat-Reducing
v Water Adsorbing/ Self-Cleaning * Bacteria Germs Fungus

v’ Antibacterial / Anti-mold

v v v v
TiO, is... A
v Naturally Abundant Photocatalytic Reaction
v’ Chemically Inert . 4 . 4 v 4
v Non Exhaustive \Deodorlzatlon Self-Cleaning Air Purification Sterilization J

32
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Remove Smog

Photocatalysis: Mother Nature’s Pollution Fighter Photo-Catalytic Oxidation (PCO)
Gas-Phase NO, Photodegradation via TiO,'

v’ Analogous to Plant Photosynthesis

TiO, forms electron holes under UV light

Energy J Creating a (photo) Excited State
Field Whereby Radicals (OH-; HO-,) and

v’ Results are Harmless Nitrate Salts
v Super Hydrophilic/ Hydrophobic Surface 3|
v And a Beneficial Reflective (Cooling) Effect * Nitrates

Disproportionation Redox (Oxidation-Reduction)

'Dalton. J.S. et al., Photocatalytic Oxidation of NOx Gases using TiO2: A Surface Spectroscopic Approach, Environmental Pollution, 2002.
2Superl'nydrophili::il'y: Research Institute of Toto Ltd, Japan1995.

Arainpour F and Farzaneh M, On Hydrophobic and Icephobic Properties of TiO2-Doped Silicon Rubber Coatings, Department of Applied Sciences,
Universite du Quebec, /nternational Journal of Theoretical and Applied Nanotechnology. 2012. 33
“Zhous A et al., Enhanced Solar Reflectance of Thermal Coatings through Inorganic Additives, City University of Hong Kong and Massachusetts Institute of
Technology. Hong Kong / Boston 2016.
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Cut Acid Rain

Significant Environmental and Ecological Net Benefits
Nitrite Gas Converted into Solid Nitrate is a 99.9%

“Pollution Equivalent” Reduction*

v Airborne Nitrites (NO,) are Highly Toxic
v Nitrates (NO,) Least Harmful Form of Soluble Nitrogen

EPA NO, Air Quality Maximum' 53 ppb or 0.05 mg/L

Significant § gpa NO, Water Contamination Maximum?? 45 mg/L or 45,000 ppb
Positive

Airborne Nitrites 849x More Toxic than Desorbed Nitrate *
Trade-off

Acid Rain 55x More Toxic to Freshwater °

Smart Airshed and Watershed Management:
v" Acid Rain Averted; Benign Nitrates Absorbed by Vegetation

v' NO,only 22.5% Nitrogen = Watershed Net Benefit*

'Environmental Protection Agency National Ambient Air Quality Standard for maximum
annual concentration for NO, (2010).

2Environmental Protection Agency NO, maximum contaminant level for water (2012);
3'University of Georgia, College of Agriculture and Environmental Sciences.
“BlackwallPartners LLC estimates.

5Washingl‘on University (St. Louis), Department of Chemistry.

[22 470 |

@ i |
E

Tltamum |

Nitrite (NO,-) Toxici
¢ Nitrite is about 55 times more toxic in
freshwater vs. 16 ppt seawater
e Question: Can you add NaCl to water to
reverse p

e 24 hr
fish

forms of nitrogen

N, - gas

* 78% of our atmosphere is made of N,

NH; - ammonia
e contained in waste

NO, —

* nitrite

Acid Rain Formation
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Reduce Heat Islands

Nano TiO, Treated Surfaces Promote High-Efficiency
No Glare Solar Reflectivity (SR)'**
Be Cool

v TiO, Scatters UV Light Energy by Diffraction S
v Pavements Make-Up 1/3 of a City _E_

Why the urban heat island effect occurs

canr mEnarCet s

Asphalt has Ultra Low SR Index (0.05 to 0.20)"
Asphalt An SRI of 0.05 @ 72F = 140 Degrees:!'?
Damage § Asphalt Binder Photo-Degrades at 120 Degrees *
Each 0.10 SRI Lowers Temp by 7-10 Degrees '

and
retention

L)
Plant
transpiration and
water evaporation
from the soil

v Exponential Improvement as Air Temps Rise
v Longer Pavement Life Cycle (LCA)

Water
penetration

v' 30% Lower Street Lamp Energy '*

'Environmental Protection Agency, Heat Island Reduction Program (presentation), Los Angeles, 2018.
2Zhous A et al.. Enhanced Solar Reflectance of Thermal Coatings through Inorganic Additives, City University of Hong Kong:
Massachusetts Institute of Technology. Hong Kong / Boston 2016.

Pomerantz H et al., Heat Island Group, Energy Analysis Department, Environmental Energy Technologies Division, Lawrence
Berkeley National Laboratory, Examples of Cooler Reflective Streets for Urban Heat-Island Mitigation, Berkeley, California.
*Hossain K and Karakas AS, Effect of Ultraviolet Aging on Rheological Properties of Asphalt Cement, Memorial University of 35
Newfoundland and University of lllinois, Urbana-Champaign, June 2018.

>Wiechers $ et al., Titanium Dioxide Particle vs. Sun Protection Performance, Evonik Industries AG and Aqura GmbH, August 2013.
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Reduce Heat Islands

Nano TiO, Treated Surfaces Promote High-Efficiency
No Glare Solar Reflectivity (SR}

P.W. 6 titanium dioxide - reflectance curves and TSR values R ———

reflectance [%]
reflectance [%)]

1,100 1,500

i i) wavelength [nm]

B PW. 6 titanium dioxide on white substrate

R @ PBk. 7 lamp black 101 on white substrate
PW. 6 titanium dioxide on black substrate

PBK. 7 lamp black 101 on black substrate

36

'BASF SE “Cool Pigments for Cool Surfaces”.
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- Chicago, First U.S.
City to Line Streets

| with Smog-Eating
Cement - Arch Daily

TECHNOLOGY
A Building That Eats Smog
Take that, air pollution

By Nicole Lou February 9, 2016 Smog-Eating Pavement In Netherlands Can Cut Pollution By

Up To 45 Percent, Study Says - Environment Magazine 07/09/2013

Hengelo, Netherlands

-

e T R —— ..
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https://www.popsci.com/technology
https://www.popsci.com/authors/nicole-lou
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TiO2 in Design

v Rapid Water Releasing
v Pollutant Neutralizing

The toilet you only clean once
ayear
\bbc.com

natural power #6 decompose waste.

ACTILIGHT elevates toilet cleaning to an extraordinary new dimension. Comprising a bacteria-neutralizing
ultraviolet light and a titanium dioxide-fired toilet bowl, which is available only with the NEOREST NX2, this
extraordinary technology initiates a photocatalytic process that breaks down even microscopic waste particles.

Toto Neorest NX2 Toilet w/ ACTILIGHT Technology. Toto Ltd Japan 38
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v Air Purifying
v’ Self-Cleaning

EcoClean™ Introduction

Leveraging technology from the manufacturing firm Toto, Alcoa has added a
special coating to its Reynobond architectural panels that works with the sun to
neutralize pollution and dirt, enabling building facades to become self-cleaning

».(
excellence in innovation

ALCOA

Alcoa Architectural Coatings - EcoClean Aluminum Panels, Alcoa Corporation 39


http://www.toto.co.jp/en/
http://www.alcoa.com/
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TiO2 in Design =

SINgE 19\L §  Titanium

e

Cool pigments for cool surfaces

Paliogen™ Black L 0086 / Sicopal® Black K 0095

Paint it cool!

Pigments for solar heat - BASF .
management in paints The Cherical Company v Heat Reducmg

v More Sustainable

BASF SE 40



v’ Super Reflective
v Energy Displacing

Neutrogena

DRY-TOUCH
SUNSCREEN

D

LIS Nt
CLEANFELL

et
M s
A L TR

J0R QI Biml)

TiO2 in Design
STREAMO SEA

LAROCHE-POSAY

UABDAATORE COMUTOLOGQUE

ANTHELIOS 60

ULTRA LIGHT
SUNSCREEN FLUID

1.7 FLOZ - 50 ml

l Conventional Sunscreen \

Conventional Sunscreen 1

!
l

Chemical Sunscreen

UV light is absorbed as it passes
through the film

3 " .

"Real Science. Real Resiilts.
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| Stream?2Sea sunscreen

Tio2

particles
oL W4 %
4—o~ i =

Mineral Sunscreen

UV light is mostly scattered by TiO2
particles

Johnson & Johnson Consumer Inc.; La Roche-Posay: Stream2Sea 41
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Bergamo, ltaly

TiO2

v Near-Field (Road-Level) Ozone Removal Trial

v"New Construction TiO, Photocatalytic Concrete

v In-Situ Two Week 8 Hour NO, Reduction Test
v Mean Efficiency 41% to 49%

Example of NO,. reduction - November 2006

A%

500
4s0
400
380

& 300
250

E 200
150
100

50

|

phatocatalytic
block paving

P oo ssehan
surface

26% ‘ 47% | 31% | 43% ‘ 56% 56% ‘ 46% ‘ 51% | 49% | 44%
Test week 1 — mean reduction: 41% Test week 2 — mean reduction: 49%
442 435
403
364
380 aes 287 292
214 214 e 224 e
174 166
113 i 127 129
11.20086 07.11.2006 08.11.2006 06.11.20086 10.11.2008 13.11.2008 14.11.20086 15.11.2006 16.11.2006 17.11.20086

8-hours mean values

Intalcementi S.P.A.: HEIDELBERG Cement Group
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'Alcoa Architectural Coatings - EcoClean Aluminum Panels; Nowak D, U.S. Forest Service: Air Pollution Removal Capacity of Urban Forests;
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'Dios J et al.. Decontamination through Photocatalytic TIO: Additions - Past. Present and Future, International Conference on Emerging Trends in

Engineering and Technology (ICETET), London 2014; BlackwallPartners LLC estimates per center lane mile on a ‘high volume’ roadway (AADT).
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TiO, Triggered by Radiant Energy

v From Auto Headlamps to Street Lamps...
v Newest Auto Lamps are LED UVA
v Technology Moving towards Optimal Safety '

v Falling Right into Efficient Photocatalytic Range

v Visible-Light Responsive (Doped) TiO, Photoactivity **

'Federal Highway Administration, A Safety Evaluation of UVA Vehicle Headlights (2010).
2pei D and Luan J, Development of Visible Light-Responsive Sensitized Photocatalysis, 45
International Journal of Photoenergy, August, 2011.

Dette C et al., 702 Anatase with a Bandgap in the Visible Region, University of Oxford, 2014.



Laboratory Investigati

/ gation of the
Effect of Tio, Topical Treatments on
Concrete and Asphalt Samples

DATE: September 21,2018

TO:  Pavement Technology, Inc.
D & D Emulsions, Inc.
SINAK Corporation.

FROM:
Dan G. Zollinger, Research Supervisor, Ph.D., PE., FACI
Alireza Joshaghani, Research Assistant, Ph.D. Candidate

Texas A&M Transportation Institute
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EVALUATION OF TITANIUM DIOXIDE
AS A PHOTOCATALYST FOR
REMOVING AIR POLLUTANTS

California Energy Commission
Public Interest Energy Research Program
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DURABILITY AND PERFORMANCE
OF TITANIUM DIOXIDE N
PHOTOCATALYTIC
PAVEMENTS

Marwa Hosson

Performance Contractors Disinguished Assistont Professor

Department of Construction Management PMU’Z ‘.', *“ .
3128 Patrick Taylor Hall & e
Louisiana State University

Baton Rouge, LA 70803

Tel:(225) 578-9189
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Technology Demonstrations Project:

Er.wironmental Impact Benefits
with “TX Active” Concrete
Pavement in Missouri DOT
Two-Lift Highway Construction
Demonstration

National Concrete Pavemant
Technology Center
P
—

Final Report |
October 2012

Sponsored through
Federal Highway Adminisiration (DTFH-510GH001L (Work Phin 22

JOWA STATE UNIVERSITY

Instituta for Transportation
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Now... the Technology
to Deliver It
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TiO2 Product Set

What is Pavement Technology plus TiO:

A technological breakthrough combining proven surface
penetrating pavement preservation compounds with a
known catalytic system designed to significantly reduce
pollution levels at combined (cost-effective) application a2

. . . . Vehicular Pollutants
economics. Key is the patented, penetrating properties
which stabilize 7i02 deep into the roadway, creating a
sustained photocatalytic (smog-eating) and heat reducing
pavement.

The pollution-reducing pavements react with light to break
down primary ozone pollutants such as NOx and VOCs —
effectively cleaning the air at its inceptive and most
vulnerable point of contact, the very road surface, providing
a calculable environmental benefit... all while helping

: : Ga
sustain pavement performance and longevity. tonicCa

Deeply Penetrate

rrier Liquids
Pavement,

United States Patent and Trademark Office: US 8,899,871 B2; US 9,493,378 B2



Pavement Techno|°gy,

ARA-1Tie

Inc.

8003336309
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Titanium

1) Pollution Remediate +
2) Preservation Agent
Asphalt

v Maltene Replacement
Concrete

v’ Lithium-Quartz Densifier

3) or
Any Surface
v TiO, Only
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Orlando International Airport

ARA.-1Ti® Litho1000 Ti®

-
-
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- ----s\~~-—--__

~ - - -

$ 2000 R LT,
o SSo
S 1500 ~
© 1000
= 500
0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Depth (mm) Depth (mm)
----- Core #1 (0.05) ====-Core #2 (0.05) =-===-Core #8 (0.06) ====-Core #9 (0.06)
Core #12 (0.10) Core #13 (0.10) Core #19 (0.08) Core #20 (0.08)
Cd
— Texas A&M 1Zollinger DG. and Joshaghani A, Laboratory Investigation of the Effect of TiO, Topical Treatments on

Transportation .. ...;c6ok sowol O
s oncrete and Asphalt Samples (Follow-Up), Texas A&M Transportation Institute, June 2019.
Al nstitute v i g g S0
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Testing' -Consistent NOx Removal

ARA.-1Ti® Litho1000Ti®

500 500
I Lights O ! —_— Lights On _
ights On —"I Lights O )
450 Lights O ILights/Gas off 450 HBNts % lnghts/Gas off
I S [ S G Y I G Py ————— -
100 “| | 400 1\ = i
|
350 | | 350 i'l g
| I 1
300 ——0.11 kg/m2 300 f —B1
& 250 | ——0.21kg/m2 255 I AAAAAAAA B3
% | 0.31 kg/m2 % I ..... BS
200 | | 200 | B7
150 | | 150 |
100 : : 100 :
50 [ | 50 |
| [ o 1o
0
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5 5.5 6 6.5 0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5
Elapsed time (hrs) Elapsed time (hrs)

= Jexas A&GM

‘ L’gg?{”{?e rtat, on on Concrete and Asphalt Samples, Texas A&M Transportation Institute, September 2018. 5 1

1Zollinger DG and Joshaghani A, Laboratory Investigation of the Effect of TiO, Topical Treatments



Testing

'-Strong NOx Reduction

ST

PAVE)>
»
%,

e s,

NO Reduction Efficiency (%)

Application Control 0 05 0 06 0 08
Rate Sample

ARA.-1Ti® e

m o

Application
Rate

= Texas A&GM
< Transportation
A [nstitute

53% 57% 61% 53% 48%

48% 52% 55% 58% 53%

0.04 0.06 0.10
gsy gsy gsy

46% 55% 48%

1Zollinger DG and Joshaghani A. Laboratory Investigation of the Effect of TiO, Topical Treatments
on Concrete and Asphalt Samples, Texas A&M Transportation Institute, September 2018.
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Testing'-Sustained Performance
ARA.-1Ti®

_ NO Reduction Efficiency (%)
Control Y1
Sample

Orlando (FL)

Y2 Y1 Y2
Sample A Sample A Sample B Sample B
- NEGL 280,  339%  34%  30%

NecL 389  35%  43%  38%

Multi-Year In Situ Sustainability Tests

/‘-‘ Texas A&M

Transportation
Al |nstitute

1Zo||inger DG and Joshaghani A, Laboratory Investigation of the Effect of TiO, Topical Treatments on
Concrete and Asphalt Samples (Follow-Up), Texas A&M Transportation Institute, June 2019.
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_ NO Reduction Efficiency (%)
Control ARA.-1Ti® ARA.-1Ti® Litho1000Ti® Litho1000Ti®
Sample Sample A Sample B Sample A Sample B
Orlando NEGL 45% 43% 53% 57%
International
Charlotte Co. NEGL 42% 46%
Ti-introCMETM Ti-introCMET™ Ti-introCMET™ Ti-introCMET™
Concrete Concrete Asphalt Asphalt
Sample A Sample B Sample A Sample B
Charlotte Co. NESL  48% < 47% 49%  50%

T
ram 11-.8 Xas Aﬁ t. 1chlinger DG and Joshaghani A, Laboratory Investigation of the Effect of TiO, Topical Treatments on
= Concrete and Asphalt Samples (Follow-Up), Texas A&M Transportation Institute, June 2019.
‘ranspo ation Ao e
Institute
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Compound / Solar Reflectance Index Values
Substrate
Control Control 0.10 0.10 0.08 0.08
Sample Sample gsy gsy gsy gsy
9 8 40 39
Asphalt

Litho1000 Ti®/ 24 24 38 38

Concrete

Application Control
Rate (b) Sample gsy

Zi'in:":tCMETM / 11 30 34 U.S. Green Building Council (USGBC) “Cool Pavement” = 29
spha

Application
Rate (a)

A.R.A.-1Ti®/

i American Public Works Assoc. (APWA) ISI Envision = 29
Ti-introCME™ / 20 37 42

Concrete

Litho1000 Ti®/ 25 a1 46
Concrete

(a) Orlando International Airport; (b) Charlotte County (FL)

= Jexas A&M
‘ ’ang ?i?{]’l(')e rtat,on Asphalt Samples, Texas A&M Transportation Institute, August 2019. 55

1Zc;llinger DG and Joshaghani A, Solar Reflectance Analysis of TiO, Penetrant Treatments on Concrete and
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Testing' - Strong Heat Island Reduction

ARA-1Ti® Litho1000 Ti®

0.6 0.6
Asphalt

9 10 11 12 13 14 15

9 10 11 12 14
Time Time
Day 1 m Day 2 Day 3 Day 1 Doy T Day 3
m— Day 4 —0O— Daily Average == == = Total Average w—Day 4 —0— Daily Average = = = Total Average
U.S. Green Building Council / American Public Works Assoc. @ ====== Untreated Solar Reflectance Index (SRI)

Ol

F 11-.e Xas Aft t. 1Zo||inger DG and Joshaghani A, Solar Reflectance Analysis of TiO, Penetrant Treatments on Concrete and

‘ ran.spo ation Asphalt Samples, Texas A&M Transportation Institute, August 2019. 56
Institute
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The Road of the Future
is Ready...
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TiO2-Bearing Pavements

v Highly Competitive Clean Energy Source
v" Requires No Change in Consumer Behavior
v" Nor Overhaul of Power Systems

v Or Transportation Infrastructure

59
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Implications

v Invisibly Reactive “Smog-Eating” Roadway Surface

v’ Confront NAAQS for Anthropogenic Pollutants at Point Source
v Reduce Urban Heat Island Effect (HIR)

v Cool Pavement promotes Pavement Life-Cycle Extension (LCA)
v Rain Desorbing / Ice Deterring

v’ Self-Cleaning lessens Fouling and Discoloring

Applications

v Roads; Bridges: Tunnels; Runways: Noise / Crash Barriers;
v Parking Garages/Ramps/ Lots; Sidewalks Walkways etc.
v Can be Combined w/ Pavement Preservation Treatments

60



Retrofit Technology =
Cost Game Changer
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Construction Costs

(square yard)

Photovoltaic Pavement >$4,000

New Construction -TiO, Concrete -$200

New Construction - TiO, Asphalt -$100

TiO2 Retrofit <$5

BlackwallPartners LLC estimates
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Construction Costs
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Because We Know You’re Curious...

Photocatalytic Toilet

Toto Ltd, Japan 63
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Smart Ci'l'ies and

Photocatalytic Pavements

2016 Community Inventory

Commercial |
Elactricity
7%

Greenhouse Gas Invenfories,
are Heavily Transportation{9=1J//(4

Residential
Electricity
3%

Municipal Buildings
0.4%

Landfilled Waste

3%
Watar Consumption &
Wastawater Treatmaent

0.3%

64

Environmental Protection Agency: City of St. Petersburg (FL)
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Smart Ci'l'ies and

Photocatalytic Pavements

Pavement Technology Solutions Deliver...

v Longer Life-Cycle Pavements both rheologically and ‘
photo-chemically that Revitalize Performance and Boost Durability |
v Bring-Down Replacement Costs

v Save Energy and Feedstocks which lessen Carbon Footprints
v Reduce and Reverse Heat Island Effects

v Provide a Practicable Solution for Removing Greenhouse Gases to Clean Our Air
v Promoting Vast Health and Economic Benefits

Sustainability Resilience Environment Economy

65



www.SmogEatingRoads.com




