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- Bearing protection with Nanol
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Nanol Technologies AB

QOur Company

Stockholm based prnivately owned advanced lubncant
additive development company

Focused on the new generation of environmental solutions
for the lubncation sector

Key research partner Fraunhofer Institute for Mechanics of
Matenals in Germany & University of Southampton

Own R&D at Smart Chemistry Park in Raisio, Finland

Diverse multi-disciplinary team of tnbologists, chemical
engineers and business professionals

Established commercial sales in the manne industry

Focus on wind turbine bearing and gear, mining, raillway, and

marine lubrication

QOur Mission

» Value creation by focusing on the environment and
sustainability

- Passion for green chemistry

- Minimize environmental impact and accelerate the
transition to clean energy

«  Work smarter and more creatively through diverse
teams

Company Purpose

«  Contnbute to society with profitable solutions to
problems for the planet and Its people
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STRUCTURE AND CHEMISTRY nan®l

Nanol Additive chemistry

in the lubricant oil thanks
to a unique reversed
micelle structure in a
stable colloid.

Nanol in oil
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Metal surface ‘Metal surface

LESS 15 MORE

The structure of Nanol comprises a central copper atom

surrounded by Cu2+ ions connected to a hydrocarbon chain which
IS nonpolar towards the base oil — a reverse micelle

The micelles float in the base oil and do not segregate. In addition,
since the structure i1s nonpolar there are no adsorption to the
surfaces, because due to friction the surfaces are mainly polar

Petect Daparn om by Unipue Mo ture




A strong partnership

Performance Benefits with Nanol in your Lubricant nane)l
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 Copper tribofilms show excellent consistent friction reducing properties, with low activation energy
*  Prevention of metal fatigue and beanng failure
* Regeneration of Nanol gives continuous bearing protection with no loss of performance

« 10 X Extension of Beanng Life

* Nanol copper thermally conducting film, reduces the temperature at the metal surface, preventing decomposition of
lubricant, with lower Carbon and Iron deposits

« Copper nanoparticles and tnbofim conduct electricity and have the potential fo prevent damage due to electrical discharges

« Rust and corrosion resistance including saltwater environments
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landskapsregering 22102019
Dnr: ALR2019/3676

We have been testing a lubrication additive called Nanol from the company Ab Nanol Performance and usage of Nanol Technology Additive Power+ ML on the Ferries of the Government
Technologies Oy. We have been using the lubricant additive, Nanol, commercially since 2012 of Aland.
follgwmg an initial test. Testing was commenced in Dgcembgr 2010 and followmg a 12-month From June 2017 and until now the ferries M/S Skarven and M/S Alfageln have been using Nanol
t(.ef tlng" perod We expa.nded e from one to both main engines onboard our ship m/s Technology additive in the lube oil. The engines on board are Wirtsild 2 x 9L.20 and Wirtsilad 1 x
Fjardvagen which continues to this day.

16V22.
The ship m/s Fjardvagen has operated since 1995 a constant daily route between Langnés We started with a test period on M/S Skarven from 12" June 2016 until 31 December 2016 where we
(Aland,Finland) And Naantali (Finland). used Nanol in one of the main engines to compare with the other one without the additive Nanol.

During the test period in normal traffic conditions we observed a fuel oil saving of more than 3 % in

A comparison of the data year 2011 to 2012 from the two main engines, during 12 month the engine using Nanol.

testing period, showed a reduction of both fuel and lubrication oil consumption. Reduction in M/S Alfageln was drydocked in September 2019 including an overhaul of the main engine. We could
fuel was estimated to be 4% and for the lubrication oil 10%. These reductions can, in our clearly see less wear and tear in the main engine.

opinion, be attributed to Nanol. And 2012 we expanded the use of Nanol to the other main _

engine (portside engine). The results are to us remarkable and we have therefore expanded our agreement with Nanol

technology for the next 2+2 years starting from 2019 and running on five (5) Different ferries in our
archipelago traffic. This is part of our work helping to achieve our goals in minimizing the usage of
fossil fuels for a sustainable future.

We have been thoroughly monitoring the engine parameters during the test period and we have
found no negative observations. Physical inspections show that no fouling or clogging has
occurred in separators or filters.

Mariehamn 2019-10-22

o

Mariehamn,Finland

July 03,2023
o= T
Johan Schrey

Chief Engineer Procurement officer

Rederi AB Fjardvagen
Department of Infrastructure

Government of Aland



Marine Trials and Testimonials
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SOLUTION
Customer Engine Test hours Fuel savings Testimonials
* Wartsila
Vasa 16V46B 2,300h
WY TALLINK ; .
SILIA LINE R Fuel consumption was reduced by
: ~4% over the first 12 months of
running with Nanol.
>
b Langh Ship Wirtsili 8L46C 5.000h =B
‘ﬁ Bore Ltd
>
Fuel consumption was reduced by
—_ 4% in 2011 as compared to 2010.
==Bore Deutz TBD 14,000k N
NN 4 645 LG
Rederi AB Lillgaard
2x Pielstick 8L 25,000h
* All testimonials from customers using Nanol
VIKING LINE 4x Wartsila BL4GF 1.450h _ f g
3x Wartsita 8L20 top treat solution.



Oil condition after test
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Engine: Wartsild 16V46B
Lubricant: Chevron Taro 40 XL 40

" " 11 2014 h 2272h

No impact on oil condition after 6 o e
- [Chrome mg/kg 0 0 0 0 1 1 0
months operating. = " 5 1 : 5 5 ] .
[Aluminium mg/kg 4 2 3 3 2 2 2
Nickel mg/kg 30 27 27 26 25 28 27
[Copper mg/kg 2 205 227 222 205 226 220
Lead mg/kg 0 0 1 0 0 0 0
 Copper from Nanol: 200-250 ppm Manganese mg/kg 2 2 2 2 2 2
PQ index - <25 <25 <25 <25 <25 <25
Lilicnn mg/kg 10| 9 9 9 8 9| 9
 Copper content stable over 6 months S -y : 5 5 ; 5 -
ISodium meg/k 30 32 28 28 33 32
[Vanadium mg/k S0 83 82 76 73 84 76
e No wear metals detected Water % negligible <0,1 <0,1 <0,1 <0,1 <0,1 <0,1
Diesel fuel % <0,3 <0,3 <0,3 <0,3 <0,3 <0,3
Soot content % 0,14 <0,1 <0,1 <0,1 <0,1 <0,1 <0,1
NO INCrease in OXIdatlon’ nltratlon’ SUIfat|On Iscosity at +40C mm2/s 136,05 130,52 132,37 132,31 134,6 136,14 135,22
or base number (TBN) 'U?SEDS?W f'e]t +100C mm2/s 14,06 14,15 14,11 14,29 14,37 14,21
[Viscosity index 105 105 104 104 104 103
|Oxidation Ajcm 1 1 1 1 1 1
Nitration A/cm 4 4 4 4 5 4
|Sulfation A/cm 11 12 11 12 12 12
Dispersancy % 89 92 88 94 94 92
BN mgKOH/g 26,6 27,37 28,17 27,98 27,21 27,29 27,36
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Thank you for your attention

We will be looking forward to work together with you
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