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== DOW Coating Materials presents:
FASTRACK™ binder for water-borne paints

A highly durable, cost effective and ecological road-marking solution
Increasing road safety




Bl \\Vater-borne. VOC limits and enhanced performance

driving change from solvent-borne to water-borne paints.

Water-borne.
Environmentally

friendly without
compromising on
performance.
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Why does durable
road-marking matter?




Bl 5 Main Properties

1 — Daylight
visibility — luminance QD.

2 — Nighttime
visibility — Retroreflection RL —
under all weather climates.

3 — Antislip - -

SRT: Skid Resistance Test. 2 / y <
C / C
C O
4 — Durable = f
traffic and weather resistance. M
/| c
5 — Easy to lay down / 2
application. 4 / 0 .

Source: Dow 2016
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Bl Nighttime Visibility (Retroflexion — RL)

The true quality of a road marking is revealed under less favorable light and weather
conditions (i.e. at night, foggy, rainy).

600 300 200 150 100 50

Source: Dow 2016
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Bl Road Fatalities are real!

on European roads

inhabitants
disappearing
every year

g0 smssme sy Townor 27000
|

l

ol

Road Fatalities per year

Billion €

Road accidents
per year

Billion €

« Marking the way towards a safer future » - ERF position paper — 2014
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Bl Population ageing
Day & night visibility becoming more important

Demographic projection 65+ years
in Europe (Million)
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Source: Dow 2016
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Bl |[mproved Road Safety
Resulting into min 20% less accidents

Accidents reduction -20% -36% -20%

Source: agent & Al (1996)

-32 to -34% Accidents when implementing high

performance road markings.
Source: RSMA (2006) and ROSPCA (2000)

40% Crash reduction in nighttime fatal & injury.

29% Crash reduction in daytime fatal & injury.
Source: Michigan (2006)

Source: Dow 2016
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Bl Successful transition to water-borne paint in the US

Polyester

SB Alkyds

In North America,
2/3 of linear markings

Tapes

Epoxy applied every year
are water-borne paints.
Thermo
w 100 ﬁ‘ )
0 B Water-based paint
01 w Solvent-based paint o
I ]
790 H’F"r o
o H- i -
Water-borne paint 50 -+ ] -
40 4 :
«
20+4+— 1411 3
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Driven by VOC limit. IREEE FI° I
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Source: Dow 2016
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Bl FASTRACK™ binder for water-borne paints

A demonsrated road-marking paint solution across Europe

85%

of the
road-marking
paint market in

Other markets where
FASTRACK™ binder

R Sy | - for water-borne paint
Norwa € - :
e Y, - 1‘ is used and
We 2ls 350/ - introduced:
Finland, o 30(y - — ltaly
Denmark dOf thek. - 0 _ Belgium
is el of the paint market
paint market ) . — Austria
water-borne e . in Spain is
. inFrance is .
paint water-borne paint _ waterborne paint — Poland
- - - — Hungary ...
Driven by VOC-limit and Driven by eco-label and Driven by ecological
durable performance better performance profile, best solution to
than solvent-borne repaint old markings Source: Dow 2016
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lll \/OC limitations driving change towards water-borne

In Finland, in public tenders, a factual ban of solvent-based road marking paints is in force since 2007 due
to a VOC limit of 2 wt-%

In Sweden, in 1986, the Swedish Road Marking Administration decided to restrict the solvent content of
road markings in public tenders with a limit value of 2 wt-%

In the USA, the Clean Air Act Amendment (CAAA) of 1990 restricted the VOC solvent content in
“architectural coatings”, also covering “traffic marking coatings” with limits of 150 g/I, equivalent to 3 - 8 wt-
%.

In Canada, the regulation determines a maximum VOC solvent content of 150 g/l for the use road
markings from 1 May to 15 September, and 450 g/l in the rest of the year

~40 KMT Potential VOC reduction impact in EU by 2020 by limiting VOC level to 60 g/L

Source: Review Options for Directive 2004/42/EC Impact Assessment on Road Markings (6kopol, May 2011)

Shift from solvent-based to water-based road markings in Sweden by sales indesx (1988 = 100)
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B FASTRACK™ references

— 600 000 km of water-borne traffic paint with FASTRACK™ binder already
applied on European roads.

— Global references in demanding applications (Airports, Formulal, etc.).

Punishing laps at 200 MPH put the most durable
line marking to the test. Brazil‘s Interlagos
Racetrack adopted FASTRACK™ technology to
withstand grueling Formula I™ tire heat and
friction.

‘ Nighttime shot at Bahrain

Sighting the runway for 5 International Airport taken — 1 year

returning Space Shuttles s ~ | . after application of high durability

is greatly assisted with 7 (Type IlI) water-borne paint based

proper markings. s € Prelid nden on FASTRACK™ HD-21A and high
g iy T A index glass beads (Type Ill).

Source: Dow 2016
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Why FASTRACK™binder




Hl FASTRACK™ water-borne paint delivers

Durable road safety

Retroreflectivity, mcd

450 T

o ?\‘\
350

300 b\
250

200

150

100

\\x 150 milicandela =
minimum for night visibility

50

» Months

0 T T

0 2 4
FASTRACK™ 53

—— Alkyd solvent-borne

Water-borne paints with FASTRACK™ offer more durable
day and night visibility than solvent-borne paints.

T

8 10 12 14 16 18 20
=== FASTRACK™ HD-21 A =H=FASTRACK™ 2011
=& Dry acrylic solvent-borne

Source: Dow 2016
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Hl FASTRACK™ water-borne paint delivers ...
Fast drying & Low Traffic Disturbance

Paint withouth
FASTRACK™ after
60 min drying

@ 90% humidity.

FASTRACK™ 53
based paint after
20 min drying

@ 90% humidity.

Source: Dow 2016
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Hl FASTRACK™ water-borne paint delivers ...
Fast drying & Low Traffic Disturbance

120 - Dry-through times in minutes 50% humidity
100 - 90% humidity
80 - ‘ .ﬂ .

) . » ',
> \";\ ( PN
60 - < s lti
P > ‘ ,x.'
o Sl B
40 " ' o
” 13 ) :
20 L i
dy . - N
0 : .
Solvent- Waterborne paint FASTRACK™ FASTRACK™ paint +
borne paint (non FASTRACK™)  paint FASTRACK™ QS-2 beads

FASTRACK™ QS-2 is suggested at low temperature/high humidity (80 — 90%). This product is
available from glass bead manufacturers who mix this drying aid with their glass beads.

Source: Dow 2016
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Bl FASTRACK™ water-borne paint delivers ...
An ideal solution to restripe old markings in cities

Why does my marking crack?
» Poor flexible markings: Marking cannot absorb « stress energy » from tire hits/ temperature variations
* Poor adhesion on old marking
* Too high thickness: old markings show different expansion than new markings — delamination

!

Adhesion Flexibility Thickness

Waterborne paint

Solventborne paint

Thermoplastics

Water-borne paint has a better adhesion on thermoplastics
and is more flexible than solvent-based paint
which results in no/less cracking.
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Bl FASTRACK™ water-borne paint delivers ...

A sustainable and safe road marking solution
FASTRACK™ water based paints:

— are non-flammable.

— are non-hazardous.

—VOC emissions can be reduced by up to
90%

— Carbon footprint can be reduced by up to
50%

1% 50 5% Water

[ Solvent (vOC)
. Additives

[l Polymer binder (Active)

| Pigmentand fillers

Water-borne traffic paint Solvent-borne traffic paint

Source: Dow 2016

@ DOW RESTRICTED Dow Coating Materials 19

®™ Trademark of The Dow Chemical Company (“Dow”) or an affiliated company of Dow.



FASTRACK™ water-borne paint delivers ...
The safest road marking material

_ Water-borne Solvent-borne Thermoplastics Cold plastics

Health risks No risks « Flammable » Release of ¢ Flammable
 Irritant formaldehyde at + Irritant
« Harmful high temperature » Harmful
e Burn risks

VOCs, carbon High High High
footprint

Labels No labels " No labels
LA

Approved by NF331 No
— French ecolabel
— Water-based paint most sustainable solution supporting Green cities ambitions

@ DOWRESTRICTED y Dow Coating Materials 20
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= Case studies

DOW RESTRICTED
®™ Trademark of The Dow Chemical Company (“Dow”) or an affiliated company of Dow.
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mm \\/ater-borne paint Aqualiner on the roads in Poland

=

o0k oW

National road 28 (between Kasina and
Gruszowiec) — July 2016

National road no 25 — October 2014
Voivodo road no 913 — May 2014

City Wroctaw — September 2013
South Poland Cieszyn — July 2013
South France — June 2013

22



B Comparative application on the National road 28 made 5 July 2016

= Application with Road Authority;

= SB vs. WB compatrision;

= Dry time to reopen to traffic: 3 min
(27° C; humidity 30%)

= After 9 months, waterborne has

more than twice better

retroreflectivity compared to
paint on middle and

edge line

.

middle line edge line

® Waterborne M Solventborne

23



mm Road marking on the national road no 25 -17.10.2014

® maintanance of chemo in
12 deg and 80% RH,;




mm Comparative application on the provincial road No. 913 - 28 May
2014

" Application with Road
Authority;

= SB vs. WB comparision;

= After 5 months 222 R,
which means 122 above
requirements;

= after 10 months RI 150, Qd
180.




mm Comparative application on the provincial road No. 913 - 28 May
2014




mm Comparative application on the provincial road No. 913:
RL results after 10 months

mecd
450

Retroreflectivity - Average

350 \
300

250

200

150

\—‘

100

50

Months

4 6

-=Katowice
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Pedestrian crossings in Wroclaw - 28.09.2013

" The temperature of 18
degrees with 75% humidity;

= Asphalt and granite;

= After 4 months, the mean
RL 176 which is 76 above
requirement;

= Ecology and safety in cities
becomes more important.
Reduced smell to applicators
and citizens.




mm Application trials at experimental road - 30.07.2013

" Temperature 28 deg RH
55%;

= Comparision with two
market SB paint;

= After 5 month WB paint is
TWICE better in R,

= Experimental road close to
the PPG plant, high traffic by
heavy trucks.




B Application in South France 15.06.2013

" Temperature 25 deg, RH 40%;

= Comparision with market SB
paint;

= After 22 months WB paint
much better compare to the
market SB paint (>150 RI);

= 2,5 million wheel passagess.




B Road tests Utelle (Southern France)

g/m2 | Glass beads Temp/ Drying time
humidity

Aqualiner 370g/m2 125-600 23degC/ <15min
Reference WB paint 480 360g/m2 125-600 40% RH <15 min
Commercial SB acrylic 1 510 310 g/m2 125-600 28 deg C/ 40 min

Commercial SB acrylic 2 530 360 g/m2 125-600 40% RH 38 min
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2?2 months results - Retroreflectivity (Night visibility)

mcd
500
450 Aqualiner system has >150
400 .\ mcd retro after 22 months
’\\‘ e (~2,5 million wheel passages)
350

300 v\
250 \
200 E—

150

100

\

50 y e —————

Month§
25

0 —e—Aqualiner . -#-Referepce WB paint .
Reference SB paint Acrylic 1 =><Reference SB paint Acrylic 2



Bl 2?2 months results — Luminance (Day visibility)

mcd

250

200

150

100

50

With glass beads, SB paint loses beads Without glass beads, Aqualiner keeps
faster = luminance a bit higher initially very high luminance after 22 months

Aqualiner Reference SB paint Aqualiner Reference SB paint
Acrylic 1 Acrylic 1

00.2 months ®6.2 months ™®9.4 months ®12.2 months 22 months

33



2?2 months results- Appearance

Reference SB Acrylic 1

Aqualiner

DOW RESTRICTED
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Bl Summary

» Fast drying water-borne acrylic traffic paints improve road safety as it offers up to
twice better retro reflectivity compared to solvent-borne paint,

» By replacing solvent-borne by water-borne traffic paints, VOC emissions can be
reduced by up to 90% and carbon footprint by up to 50%

» Water-borne paint is a cost-effective road marking solution as it combines
excellent performance at low thickness resulting in cost-saving for authorities.
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Il Handling precautions

Product stewardship

Customer notice

Before using any product mentioned herein, consult the product’s Material Safety Data Sheet (MSDS)/Safety
Data Sheet (SDS) for details on product hazards, recommended handling precautions and product storage.

Dow has a fundamental concern for all who make, distribute, and use its products, and for the environment in
which we live. This concern is the basis for our product stewardship philosophy by which we assess the
safety, health, and environmental information on our products and then take appropriate steps to protect
employee and public health and our environment. The success of our product stewardship program rests with
each and every individual involved with Dow products - from the initial concept and research, to manufacture,
use, sale, disposal, and recycle of each product.

Dow strongly encourages its customers to review both their manufacturing processes and their applications
of Dow products from the standpoint of human health and environmental quality to ensure that Dow products
are not used in ways for which they are not intended or tested. Dow personnel are available to answer your
questions and to provide reasonable technical support. Dow product literature, including safety data sheets,
should be consulted prior to use of Dow products. Current safety data sheets are available from Dow.

Notice: No freedom from infringement of any patent owned by Dow or others is to be inferred. Because use
conditions and applicable laws may differ from one location to another and may change with time, Customer
is responsible for determining whether products and the information in this document are appropriate for
Customer's use and for ensuring that Customer's workplace and disposal practices are in compliance with
applicable laws and other government enactments. The product shown in this literature may not be available
for sale and/or available in all geographies where Dow is represented. The claims made may not have been
approved for use in all countries. Dow assumes no obligation or liability for the information in this document.
References to “Dow” or the “Company” mean the Dow legal entity selling the products to Customer unless
otherwise expressly noted. NO WARRANTIES ARE GIVEN; ALL IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED.

DOW RESTRICTED Dow Coating Materials

®™ Trademark of The Dow Chemical Company (“Dow”) or an affiliated company of Dow.
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Bl Health & Safety Risks with road-markings

- Solvent-borne paint 2K cold plastic
paint

Safety risks on Flam. Liquid 2, H225, highly ~ Flam. Liquid 2, H225, None

MSDS flammable liquid and vapor highly flammable liquid
and vapor
Health risks on Eye Irritant 2: H319 - Skin irritation 2: H315, None
MSDS irritating to eyes causes skin irritation.
Repr 2: H361d-suspected of Skin sensitisation 1:
damaging the unborn child H317, may cause an

EUHO066- Repeated exposure allergic skin reaction
may cause skin dryness or
cracking

O O T

In addition the initiator for 2K cold plastic is environmentally damaging

DOW RESTRICTED
: Dow Coating Materials, FASTRACK™
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Bl ? [obbying priorities involving biz dev and country manager

T

* Owner and timing: see slide 12

Top down:

- Lobby at Ministry of
Transport™ to get
environmental specifications in
tenders

Bottom-up:

- Leverage success story and
lobby at authorities for local
roads

39



B Homologation in Belgium 2016

Attectations d'apiitude & 'smplol des cystmec de marguages routiers appliqués cur ls cibe de Balllonvilis NB3 - ls 21102018 Clagss db performanass
¥NTP |
Momologations selon lo guide G5 Classo de | Retronidiaxion | Retrorafiexion| Ritomdfiexion
Trafic | pavtomps sec | par femps parfomps | Luminanos | Rugosihd ST
Annés Bloc Typt Broductour Produft de base du marquage | Dosage Prodult de saupcudragn Dosage Brodusfeur humide i pitrle
Echpstar & WBF 3RT 710125
3| 17 Peinture & fesy AXIMUN TYPHOMN PREMILM 535 gim? #2012 1000-150 (80207 350 gim® SOVITEC P1 R4 - a3 a1
P5 R3 @2 21
Echpstar & WBF 3RT 710125 P3 R3 @3 a1
013 1 Painhyre § feay AXIL TYFHON VILLE ROUTE 475 gm? + 201 12 1000-150 (80701 150 g SOVITED P1 ES - @3 31
007! 10 Pinturs § Fegy GEY GE - | AQUARQUTE UWS AL-D £10 gim? Echolyy SRT 850-212 + 201 13 7508 220 gve® SOVITED Pi R3 = Q93 21
P& R3 @2 21
P5 R4 @2 21
3| 3 Peinture & fesy VANDIFAINT NY SADKIA 350 gim? SOO-1E0 + BILI 11 TI0-125 (BO20) WES 300 gim® SOVITEC P3 L - 23 21
a013f 44 Peinture & Fesy VELUVINE b VELUGUA CLARE 525 gim? Echosiar § AT + SILI 12 400 ghm® SOVITEC P5 R3 = = Q3 21
P& R2 Q3 21
P5 R3 @3 a1
F4 R3 Q3 az
13| BS PENRre A solvants ACE LIPARDAD ML 550 gim? Echostar § 3EF ECO 2RT AD0 ghve? SOVITEC P3 R3 = = Q= 32
P5 R2 @3 az
i3l B Peniae 3 soianty ACE LIPARDAD ML 400 gm? Echogtar § SEP 200 ZAT i gt SOVITEC E1 E3 - - g4 22
013! &7 PEnRre § soivants ACE LIPAROAD ML 00 gm? BO0-125 + 211 12 75125 | 450 gim® SOVITED P2 B2 = - Q93 23
il Penormacongn; 1 GEVERD MASKMNGE - PLACTIROUTE | HERCUTEHD - JPREMIXE 1k S00-125 = SN 7O Asloimt SONTTED Bl Bl = z Q4 21
|aD0g 33 Peniae 3 soianty DHE FENTURE EYQTD Adgmi | EOD-IOEARED 1 Silgwt | POTIERD E1 EZ = - Q4 21
Injection EDC-135 145 gim#/
008l 48 Penkure 4 solvanis VANDIFAINT NV 1218 AF 575 gim? Szupoudrage E00-125 + 31| 11 7525 550 gim® SOVITES Pi R2 = = a3 21
oo | 47 Penture § soivants VANDIFAINT NY Bi3 AF 575 gim? BO0-125 + 811 11 7SR5 SO0 gim® SOVITEC P1 R4 - - a3 82
BOVITEC

a3l 2 Penkure 4 solvanis VANDIFAINT NV SLANCE 425 gim? 500-180 + 31L1 11 7A0-128 (BA30) BFS ECO 300 ghe® FRANCE P2 R2 = = a4 21
o3| ® Penture § soivants VANDIFAINT NY RESONANCE 725 gim? EDO-12S BBP ECO BRT (3020) 335 gim® SOVITEC P1 RZ - - a3 a1
il Pemprmdgongny L VELUVING Dy NELUCRYLE £00 gm? EO0-135 = A2 TERE Eb-laid ZOVITED El El = - Q4 22
i Pentrmdgongny L VELUVING Dy NELUCRYLE S50 gim? NeordMMEZT 1 S0om® | POTTERD E] B3 = - Q4 23
P5 R2 Q3 az
013| 40 Penture § soivants VELUVINE bw VELUCRYL B EXTRA &00 gim? Melucryi NM B 3:1 400 gim® POTTERS P1 RL - - o4 az

«  Supporting better durability of FASTRACK Waterborne paint at lower thickness than solventborne paint

<> w



Conclusion

—Improved road safety.

— Improved durability.

—Improved Health & Safety and reduced
environmental impact.

— Cost-saving for contractor and road-authority.
—Fast-Drying & Low traffic disturbance.

Source: Dow 2016
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