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SHELL GTL




SHELL GTL - TAKMER 40 ROKOV VYVOJA:
OD LABORATORIA PO NAJVaCSIU PREVADZKU NA SVETE

1973 - laboratorium 1994 - komercna vyroba,
Amsterdam ...... gramy/d Bintulu, Malaysie ...14,700 bbl/d
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1983 - pilotny projekt BN 2011 - Pearl GTL, Katar........ 140,000 bbl/d
Amsterdam ...... 3 bbl/d



UPLNE INY ZAKLADOVY OLEJ ...

Vychodzou surovinou nie je ropa
Zakladovy olej sa vyraba premenou
zemného plynu na kvapalné uhlovodiky

3,500 PATENTOV
SHELL
Vyroba Fischer—
syntézneho } Tropsch } Rafinacia
plynu syntéza

PROPRIETARY
CATAYLST

CATALYST

Vysledkom patentovaného postupu vyroby metddou
Shell PurePlus je kristalovo Cisty zakladovy olej s
vynikajucimi vlastnostami.
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NAJVACSIA GTL RAFINERIA NA SVETE

MATERIAL STATISTICS

CONCRETE STEEL REACTOR TUBES

Material Offloading 750,000 m3 Erected 2.5 Eiffel Towers  GIL synthesis reactor tubes  ~13,000 km of cables

Facility: Imported ~8 Wembley Stadiums / month in pipe & end to end would stretch Doha to Houston
>2 min Frcighi tonnes or 2 Burj Khalifas structural steel at pcuk from Doha to Tokyo

PROCESS STATISTICS

WATER FOR STEAM STEAM
EQUIPMENT & COOLNG FOR POWERGEN OXYGEN FOR GIL CATALYSTS
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1.2 GW of rotating ~45,000 m3/day cleaned  Steam 8,000 tonnes/hr 28,000 tonnes/day Surface area equivalent to
equipment Town of 140,000 people 3 ()Iympi«j size swimming produced 1 8x surface area of Qatar

pools/hr
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3. VLASTNOSTI GTL PRE VYROBU
TRANSFORMATOROVYCH OLEJOV

F :

.




ZVYSUJUCE SA POZIADAVKY NA TRANSFORMATORY

Optimalizovana

Redukovana stabilita 5 , ) ,
rozvodnej siete* konstrukcia Bezpecnost

transformatorov
* M6Zu nastat « Zmensovanie » Zapalnost
pretazenia velkosti « HSSE
« Starty pri nizkych * redukované
teplotach hmotnosti
* Menegj zaloZznych
transformatorov
Vypadky mézu mat
vaznejsie
nasledky**

* Kvéli meniacemu sa vstupnému vykonu veternych a solarnych elektrarni
** Zalozné kapacity nie su vzdy k dispozicii

July 2013
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SHELL MA VIAC AKO 80 ROKOV SKUSENOSTI NA
TRHU S TRANSFORMATOROVYMI OLEJMI

PocCas mnohych rokov sa Shell vyznacuije:

Konzistencia a spolahlivost’ dodavok
Spolupraca s hlavnymi vyrobcami
Siemens/ABB/Alstom/Schneider/Transfix /
SGB-Smit/CG Power, etc.

A distribuénymi spolo¢nostami: EON, EDF,
Eskom, National Grid, China Grid atd.

Aktivnha uc€ast’ v pracovnych skupinach
priemyslovych asociaciach a spolupraca s
laboratoriami: IEC & CIGRE, Doble, Laborelec a

pod.

Shell 1. mineralny olej v 30. rokoch;
Inhibované oleje publikované v 1948

V sucCasnosti statisice transformatorov
naplnenych a prevadzkovanych s olejmi Diala

Shell Diala transformatoroveé oleje boli
pouzité v mnohych vyznacnych
projektoch




VLASTNOSTI GTL ZAKLADOVEHO OLEJA PRE TRANSFORMATOROVY OLEJ

Paraffinicky ~ Prirodny  Naftenicky  shell GTL

. olei ester olej
Nizky bod 0 ] » Velmi dobré
tuhnutia 0 nizkoteplotné viastnosti
-30
-40
-50
-60
°C .70 * Nizka hustota

+ Tokové viastnosti pri

Molekulova struktura nizkych teplotach
* Vynikajuca oxidaéna

- lzoparafinicka stabilita
13
29 il i X 430 27
D | Stri b l:l Cia 11 GTl-based medical it i,
104 Viscosity ot 40°C: 44 mm?/s . VYSOky bOd
H 4 Y 4 _ 94 I Shell Ondina 941:
uhfovodikovych retazcov - ' =uisi, ., vzplanutia
= Viscosity of 40°C: 95 mm?/s ,
® 7 / N  Nizka odparnost’
S 6 A \
S 54
4
3]
Lt
;_ . '.'-l.l'l'.lL il D “]1'.

I
19 1 B 5 7 19 3 3 P Y P/ 4583 59 4 49 5]

. . ) Carbon number (chain length)
© Shell Global Solutions International B.V,; All rights reserved.



4, SHELL DIALA S4 ZX-I




VPLYV STABILITY SIETOVEJ SUSTAVY NA TRANSFORMATOROVY OLEJ

Vykonnostné Diala S4 ZX-I
poziadavky na olej

Pret'azenie Oxidac¢na a tepelna Oxidacna stabilita az 5 x
stabilita** vyssia*

Studené starty Tokové vilastnosti pri Kin. Viskozita o viac ako 200
nizkych teplotach mm?/s nizsia pri — 30 °C*

Poruchy Bez rizika kordzie na Bez obsahu siry (pod 1 mg/kg)
medi

Chladenie VysSSia tepelna vodivost VyssSia tepelna vodivost’ o 9 %*

« v porovnani s vysokokvalitnymi inhibovanymi naftenickymi transformatorovymi
olejmi, v zavislosti na testovacej metode

** yratane nizSej tvorby kalov ( mézu vyvolat blokovanie chladiacich Strbin )
a nizdej tvorby kyselin ( prediZzena Zivotnost papiera)

14



OLEJE DIALA PREKRACUJU POZIADAVKY SPECIFIKACII

Cim dihsie olej odolava degradacii, tym dihdie mézte udrzat Vas transformator v
prevadzke. Shell Diala S4 ZX-|I pomaha transformatorom pracovat dlhSie aj pod
vySSimi stresmi s nizSou mierou tvorby degradacnych produktov ako su kyseliny a

kaly, ¢im poskytuje konzistentnu elektricku vykonnost.

IEC 60296 7.1 Neinhibova

Typické Limits IEC  Higher oxidation  ny olej ML

Shell Diala
S3 ZX-I

hodnoty 60296 stability and low  Shell Diala
sulphur SYAVAVE

Oxidacna stabilita

Inhibovany
Shell Diala
S4 ZX-

IEC 61125 C 164/500 hodin 500 hodin 164 hodin 500 hodin 500 hodin
Celkova kyslost, Max 1.2 Max 0.3 0.9 0.02 0.02
mgKOH/g

Kaly, hmot. % Max 0.8 Max 0.05 0.3 0.01 <0.01
DDF pri 90°C Max 0.5 Max 0.05 0.1 0.005 0.001

Zdroj: 1Specifikacia IEC; vysledky testovania Shell

Pridana hodnota pre prevadzkovatelov: Shell Diala S4 ZX-I pomaha redukovat’

pravdepodobnost’ neplanovanych vypadkov transformatorov
*DDF -

(S ey S Ve S S e A

INUVLCITIUUT U, ULy
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ODOLNOST yoél DEGRADACII: INHIBOVANY GTL VERSUS
KONVENCNY (NAFTENICKY) INHIBOVANY OLEJ

mlEC 61125 C predizeny test oxidaénej stability (120 °C) — 4x

Shell Diala S4 ZX-1 (GTL)
Kyslost (mgKOH/g) 0.18

Shell Diala S3 ZX-I
Kyslost' (mgKOH/g) 0.96

Usadeniny a kaly <0.01 %
hmotn.

Usadeniny a kaly <0.01 %
hmotn.

Strata 0 % hmotn. Strata 24 % hmotn.

m RozSirena odolnost’ proti degradacii v normalnej prevadzke i pri doplneni
inhibitora June 2013 16



TEST OXIDACNEJ STABILITY METODIKOU ORGREZ-CEZ

ORGREZ, a.s. Stamovisko
—— Zkuiebni laborator E01
ORGCREZ Vitkova 17 i
Praha § - Karlin. 186 00 Listéislo: 1

Stanovisko zkusebni laboratore k vysledkum zkousek uvedenym v
protokolu o méreni 4/2014-S

5376 hod.

minula sa vzorka

Zkounieny piredmét
Popis: Wzorek oleje Shell Diala 54 Z3-1
Stanovisko

PredloZeny vzorek izolaéniho oleje pii zkouice tepelné-oxidaéni
stalosti starmul 3 376 hodin (bez prokazini piitommnosti kald nerozpustnych v n-heptams).
Jakosmi parametry po ukondeni expozice ukazuji na olej s vynikajici tepelné oxidacni stabiliton. Test byl

ukonéen po vyderpani vzorku.
[ 0,03
N oo 0025
=
_E r 50 Z
£ £ 002
% 1% |3
T 1% oms
9 30 E 3
E 2 £ 001
0 i
0,05 11w 0,005
0 = --~;==¢=¢:::::6 + r,': -o . c-D o » - - . = —
o [=] = =] = Q = Q
8 & 8 g 3 g : g 3 § 8 §
t{hod.) t (hod.)
e K, =l (i =dr—Povrchove napeti e 20°C =l T0°C. == 80°C




REDUKCIA MIERY STARNUTIA IZOLACNEHO PAPIERA

Zivotnost papiera zavisi na réznych parametroch vratane odolnosti oleja vogéi
degradacii (oxidacia a kyslost). Nakolko Shell Diala S4 ZX-I je vyvinuta tak aby
odolavala oxidacii, o vedie k znizenej tvorbe kyselin, pomaha predlZzovat’ zivotnost
izolaCného papiera.

Kyslost oleja

Vplyv na papier

(mgKOH/qg)

0.05 Nevyznamny vplyv

0.10 ¥ 35% redukcia pevnosti v tahu
0.25 ¥ 50% redukcia pevnosti v tahu
0.55 Papier kompletne zniCeny

Source: FM Clark, Insulating materials for design and engineering practice

Pridana hodnota pre prevadzkovatelov: Shell Diala S4 ZX-1 méze poméct’
predizit’ Zivotnost’ papiera v transformatoroch.

SHELL DIALA S4 ZX-I November 10, 2016 18



SPOLAHLIVOST TRANSFORMATOROV:
NULOVY OBSAH SIRY

At%

®Zlu€eniny siry v transformatorovom oleji C: 62.7
mozu spdsobit’ koréziu na medi a tym 5 26
poruchy transformatorov co e
m\/Setky produkty Shell spifiaju vietky A%
posledné naroné poziadavky / testy (DIN < oo
51353, IEC 62535, ASTM D 1275 B) o oo

Cu: 0.91

®Novy transformatorovy olej na baze GTL
ma nulovy obsah siry a tym minimalizuje
riziko prevadzkovych poruch spojenych s
koréziou na medi

IEC 60296 — 7.1 Inhibited M. Inhibited

Higher oxid stab & Shell Diala hell Diala
Typical data Limits IEC 60296 low sulphur S3 ZX-|
Sulphur Content No general Below detection)
ppm requirement 500 max <40** \hmbtsw/
Potential
Corrosive
sulfur Non corrosive Not Corrosive Not Corrosive
(IEC 62535)

*Specification under revision ** Shell internal data *** Shell data — test according to ISO14596/ASTM
D2622



Pri nizkych teplotach vacsina olejov vyznamne zvysSuje viskozitu, ¢o redukuje ich
tokove vlastnosti a chladiacu schopnost. Ale Shell Diala S4 ZX-I zvySuje viskozitu
pri nizkych teplotach ovela menej ako Standardné oleje.

1800

1600

1400

=

1200

1000

v
g

IEC 60296 -30°C maximum viscosity limit - n—

400
s Diclla $2 ZUM gt
200 s Dialla 52 ZUH ngt
\_____ o Diala $3 ZX
== —— Diala 54 ZX! (GTL)
-30 20 10 0

Source: Shell internal test results




Namerana* a vypocitana merna tepelna kapacita vs. teplota

Calculated specific heat capacity versus
temperature

2
3]

V porovnani s naftenickymi
transformatorovymi oleji

e Diala 53 ZX-
< ——Diala $4 2|
5 23 e Competitor
=
©
P
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—
Shell Global Solutions (Deutschland) GmbH

Calculated thermal conductivity versus

temperature
0.15

0,145

0,135
0,13

0,125

0.12
0 50 100 150

Temperature Celcius
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ELEKTRICKE VLASTNOSTI: PRIERAZNE NAPATIE

m Priemerné prierazné napatie v kV (Gap 25 mm unless specified)

15 mr‘n 10 mm

250 \ ;

\
\
\
200 N

m Diala S3 ZX-I

150

m Diala S4 ZX- (GTL)
100

50 A

Q

m Diala S4 ZX-I preukazuje vyssiu schopnost’ znasat’ aj naro¢né
prenosy napati v priebehu pouzitia (alebo pretazenie)

June 2013
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Bod vzplanutia PM ISO 3016

Bod vzplanutia PM, °C Shell Diala S3 ZX-I

7 I I I Nytro 10XN
Shell Diala S4 7x-| |

Luminol Tri | Nytro 4000X
Hyvolt 111 | T—

Nytro Lyra X | EEEEE

|

|

| Nytro Gemini X
11 I I Nytro Lyra X

|

|

|

Nytro Gemini X |

Nytro 4000X I——' Hyvolt I1I

I
I
I
I
I
I
I
4

R — inol Tri
Nywro 10xn |8 I Luminol Tri
Shell Diala S3 zx- | .
Z £ 7 Shell Diala S4 ZX-I
0 50 100 150 200

Bod vzplanutia PM, °C
140
144
146
152
152
141
144

191

CONFIDENTIAL

© Shell Global Solutions International B.V,; All rights reserved.
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TVORBA DYMU

Tvorba dymu naftenicky olej vs. Diala S4 ZX-I pri 200 °C

Naphthenic oil Diala S4 ZX-I
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'AHSIA UPRAVA A POUZITIE: NIZSIE PENENIE

Penenie pozorované po 2 min prebublavania so vzduchom pri izbovej teplote

. -’ .

Shell Diala S4 ZX-| Shell Diala S3 ZX-I

Nizsia penivost’ méze vyznamne znizit’ dobu upravy/regeneracie.
Source: Siemens

© Shell Global Solutions International B.V,; Al rights reserved. 21



1

Define

Shell customer in Germany
provides maintenance and
service of transformers including
vacuum treatment of transformer
oils. During this treatment
conventional oil foams up
strongly. The maintenance is
delayed until the foam has broken
down and the oil can be pumped
into the foam-free transformer
again.

2

Design

Due to the very low foaming
tendency of Diala S4 ZX-I the
customer is able to pump the oil at
higher speeds, which reduces the
time needed for oil conditioning.
This reduces operational costs for
them and improves transformer
availability for the operator

Demonstrate

The customer reported savings of
costs of up to 24.000 USD in the
maintenance of transformers.
Furthermore, it is expected to
extend the service life through the
use of Shell Diala S4 ZX-I.

DEMONSTRATED VALUE: NIZSIA PENIVOST SHELL DIALA S4 ZX-
| PRINIESLA ZAKAZNIKOVI V NEMECKU USPORU 24 000 USD

3

Develop

By switching to Diala S4 ZX-I the
customer estimates the time
savings of oil treatment to 10%.
This reduces the cost of the
transformer maintenance and
increases the availability of the
system. These aspects increase
the value of service provided to
operator.

24 000 USD

1 The savings indicated relate to the date of the
calculation and the above-mentioned location. The
results of this calculation may vary depending on the
application, operating conditions, products currently in
use, condition of the equipment and maintenance
practices of individual sites.



Biologicka odburatelnost oleja Shell Diala S4 ZX-| sa blizi splneniu pozZiadavky pre
klasifikaciu biologicky odburatelych olejov, €o znamena ovela jednoduchSie
odstranenie z prostredia v pripade uniku a nizSie naklady na likvidaciu havarie.

Fluids with Shell GTL Technology can be more quickly
consumed by microorganisms than naphthenic oils.

Not readily biodegradable Readily biodegradable

0 50 60 100 % CO,

m 28 dqy test Newest Results from BFB Qil Research:
Diala S4 ZX-1: 61,5 %

® Mineralisation of test material to CO, _
Diala S3 ZX-I : 11,2%

m Pass level is > 60% theoretical CO, evolution




BEZPECNOST

Oznacenie
nebezpecnosti

Bod vzplanutia
Nizka odparnost’
NizSia tvorba
dymu
Biodburatelnost’

Nie je zat’azeny
vysokou
spotrebnou
danou

Obsah BHT
nizSi ako
0.25%
COC

22 h 107 °C

OECD 301B

test

Nie je "gas oll,
tarif

Nie je oznaéeny symbolom ,,mitva
ryba“ (Jedovaty pre vodné
organizmy), BHT obsah iba 0,2 %

Vyssi o 50 °C, Nizsie riziko vzplanutia
0,75 % (vs. 25 % naftenické oleje)
Pri 200 °C bez viditelného dymu

RychlejSia biodburatelnost’, neméze
vSak byt povazovany za ,,biologicky
odburatelny olej“

Destilaéna krivka vyhovuje tomuto

zatriedeniu. Spotrebna dan iba na
zaklade viskozity.



TEST MIESATELNOSTI POUZITY OLEJ (scenar, dolievanie oleja, 5%)

Field sample, uninhibited,

sludge filtered out

+ Cu

-

+ Cu

+air*

Field sample, uninhibitd, sludge

filtered out, +5% Diala S4 ZX-I

Field sample, sludge filtered

out, plus 5% Diala S3 ZX |

+ Cu + Cu

fresh i

i H

C

e v
7days ' -
-
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| & X

-
35 days '

No further sludge formed after test (stored at 70 °C in the dark)
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TEST MIESATELNOSTI POUZITY OLEJ ( scenar vymena oleja 85%)

Field sample, uninhibited,

sludge filtered out

+ Cu

-D

Fesm ol

+ Cu

+ air*

-
fresh !

¢
[

<
7days l

| & X
-

-
35 days '

No further sludge formed after test (stored at 70 °C in the dark)

Field sample, sludge filtered

out, plus 85% Diala S4 ZX-I

Field sample, sludge filtered

out, plus 85% Diala S3 ZX |

+ Cu + Cu

+ Cu + Cu
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Oxidaéna stabilita zmesi neinhibovaného S2 ZU-I (15%) s inhibovanym (85%) S3 ZX-I
alebo S4 ZX-I (GTL) podra IEC 61125 C (500 hod test)

1.2
1
w Standard Stability Limits
0,8 m 85% Didla S3 ZX-|
m85% Didla S4 ZX-1 (GTL)
0,6
0.4 - @ - limits [EC 60296, #7.1
0,2 -
0 4

TAN Sludge DDF




TEST MIESATELNOSTI s ITO 100 ( ORGREZ )

ORGREY Bratislava, a.s. Stanovisko
A Skifobné laboratérium olejov

Kopéianska 15

ORGREZ 851 01 Bratislava Strana Eislo:

1

Stanovisko skiaSobného laboratéria k vysledkom testov uvedenym v
protokole o merani 6/2016-0

Skifany predmet
Popis: Zmiefand vzorka oleja: SHELL Diala ZX-1: [TO 100 (1:1)

Stanovisko

Kvalitativne parametre zodpovedaji vlastnostiam nového oleja.

Vydal: Ing. Katarina Dindova

5

Détum vydania: 04.02.2016 Viydal: Ing. Tatiana Ratuska

© Shell Global Solutions International B.V,; All rights reserved.

Vykonany test
miesatel'nosti s
pouzitym olejom
ITO 100 (zmes 1:1)
zmerané zakladné
parametre,
oxidacna stabilita a
elektrické
parametre.

Podl'a vysledku s
oleje miesatel'né a
dokonca zmes
pouzitého oleja ITO
100 s novou Dialou
S4 ZX-I, vyhovuje
kvalitativhym
poziadavkam pre
noveé
transformatorové
oleje.



TEST MIESATELNOSTI - SUHRN

-5 “!_511
s
2 . \ v - e ‘i

Testy miesatel'nosti — nezisteny ziadny problém pre Cerstvé ani pouzité oleje
Vcetne testu oxidacnej stability podl'a IEC 61125 C

GTL transformatorovy olej méze byt pouzity Gplne rovnako ako tradi¢né oleje

© Shell Global Solutions International B.V,; All rights reserved.



DIALA S4 ZX-1 — TESTOVANIE V SE-VET TRENCIN.

Farba oleja: prichPadny

Cirost’: &iry

FYZIKALNO-CHEMICKY ROZBOR

Mechanické nedistoly: neobsahuje

Zipach oleja: charakteristicky

Relativna
Prierazné napiitic 89,4 KV/2,5mm permitivita - _
18-25°C
Relativoa
Obsah vody 39 ppm permitivita - -
70 °C
Relativna
Hustota 0,801 glem?® permitivita 2,012520 _
% °C
Cislo kyslosti i mg Stratovy Einitel’ i
titraéne KOH/g 18-25°C -
Povrchové napitic- y e
trat tel
Wilhelmiho 27,9 mNm | O 2;{::'“’ ¢ . _
platmicka
Medzipovrchove L e
Cinitel’
napitie- kritzkovd | 36,4 mN/m S““‘?ﬂ C"“ 0,00089 _
metoda
Rﬁ'“ti:;”n'“d“ 1,4480 _ | Obsah inhibitora | 0,242 | hm%

Paznambkv:

ING. Pristachova
(laboratérium SE VET
Trencin):

,Vysledky su
vynikajuce. Z mojich
skusenosti som este
nevidela tak Cisty olej.
Hodnota
refraktometrie ( index
lomu) je 1,44 +
relativna permitivita pri
90°C bola 2,01. Za 13
rokov praxe som esSte
nevidela tak nizke
hodnoty”.



DIALA S4 ZX-1 —- TESTOVANIE V SE-VET TRENCIN

KOMPLEXNY ROZBOR

SENZORICKE HODNOTENIE: Vzorka neupraveneho
oleja Diala S4 ZX-I
Farba olcja: bezfarebny Mechanické nedistoty: neobsahunje odobrata priamo z
Cirost™: &y Zipach oleja: charakteristicky CiSte rny prl d o) d éVk eu
zakaznika:
HEMICKY ROZBOR .
FYZIKALNO-CHEM — Obsah vo dy.
Prierazné napiitie 53,5 KV/2,5mm permitivita 2 85054 B pod 10 ppm I
1825 °C
Relativna
Obsahb vody 9.8 ppm permitivita 2033387 _
70 °C
Relativia
Husfota B,804 glem® permitivita 2019918 _
90 °C
Cislo kyslosti mg Stratovy imnitel’
Hiratne SO0 ons 1825 °C 0,00602 -
Povrechové napitie- -
Wilhelmiho 28,0 mN/m S“’“‘;;if:'““d 0,00004 ~
plainicka
Medzipovrehove -
naplitic- krifkova | 384 mN/m Sf”r;;{f:'“'m 0,00008 B
metdda
R“’”E"”’ui"d“ 1,4471 _ | Obsah inhibitora | 0,240 | hm%
113

Pozndmby:
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SPOLUPRACE S DISTRIBUCNYMI SPOLECNOSTAMI

Country
Ausina

Ausiria

Awstria

Belgium
Belgium
Belgium

Egypt
France
France/
Various

Germany

Germany
Germany
Germany

Germany
+ Nordics

Germany

Germany

Customer
Austrian Hydro

Awstrian Power

Gesellschaft
Kelag

EDF Luminus
Electrabel
Elia

Egyphan
Eleciricity Co.

GDF-Suez

EDF (applies to
ERDF, RTE)

EON

50 Hertz
RWE
TenneT GmbH

Vattenfall
AMPRION

EnbW

Status

Approach made with
Siemens’ support —
awaiting approval Q1
2015

Looking for Seed project
Seed project 250kl in Apr,

pursing approval

Approved and used in UK
MNon-objection,
demonstration trial
approved

approved

Onshore approved

Final approval expecied Q]
2015

Using already

Dist trafo approved; power
trafo decided per project

Country  Customer Status
lsraiel Israel Electricity Official approval letter
*rae Company received Feb 2014
liaily Terna
Libya GECOL Tender for 3500 drums
NL Tennel ML Approved
NL Local grids; Stedin, Approval delayed,
Enexis, Liandon push to follow Tennel
South Seed project starting
Afri Eskom 10" Dec
S Iberdola Official market launch
Spain RED 20™ March; Customer
e Endesa follow ups ongoing
Demonstration trial
Turkey THAS agresd
Shell Global Agreement to use Dialg|
UK / ML (Industrial S4 X in all new
Customer) transformers procured
UK Mational Grid . -
re-writing specifications
UK Scottish Grid so that Diala S4 will
UK Western Power meet specs

Note: ‘Approved’ in this context may mean any one of a range of
possible endorsements, from formal written approval having been
granted, to self certification that product meets relevant specifications

September 2014 a7



SPOLUPRACA S LABORATORIAMI & UNIVERZITAMI

mEUROPE update

country
Belgium
Croatia
France

Italia
Germany

Netherlands
Spain

Slovenia

UK

Switzerland

Laboratory / University

LAB

Laborelec PRELEC
Koncar Institute g
University of Poitiers Ui
TERNA A ﬁc?(?l‘a, a
Schering Institute / | - |
University Hannover -
DNV GL - KEMA KEMAX

T
ENDESA . .

endesaingeniena
EIMV EM(
University

of Manchester

FKH (Dr. Koch)

MANCHES ILER
182

Projects / notes

Tested & Approved

Tested & comply

Run extensive tests (ESD)

Tested & comply
Run extensive tests (DGA)

Evaluated & comply
Tested & comply

Tested & Approved

Run extensive tests
(lighting impulse)

Competitor oil comparison



DIALA S4 - DLHSIA ZIVOTNOST
TRANSFORMATORA, NIZSIE RIZIKO PORUCH

: g
Vyssia tepe,ma Bez obsahu siry:
vodivost’ e . ..
e Eliminované riziko
NizSia teplota korozie medi
= redukované starnutie spésoben_é sirou z
oleja oleja
L {

Zivotnost’
transformatora

[ Nizia tvorba kyselin:

DlhSia zivotnost’
papiera,nakolko

g o
VysSSie prierazné napatie:
NizSia pravdepodobnost’

elektrického vyboja —
celuléza je menej znizena miera starnutia
atakovana kyselinami , oleja

v
NizSia tvorba kalov:
Bez rizika blokacie

(’_

(r

chladiacich okruhov
= udrziavanie nizSej
teploty




4.
TURBINOVE OLEJE

Copyright of Shell Lubricants

52



Typické zlozenie turbinového oleja

Zakladovy olej

Antioxidanty

Inhibitory hrdzavenia
Protikorézne prisady

Ostatné*

Balik aditiv pre turbinové oleje

* Odpenovacie, deemulzifikatory, AW/EP prisady, a pod.



Komponenty turbiny, ktoré vyzaduju mazanie

m Radialne lozisko (Hydrodynamic)

White metal (babbitt)

Jacking oil pocket / plug




Poziadavky na mazanie turbiny

Parametre Poziadavky Parametre oleja | Komponenty
turbiny na olej oleja
LoZiska Hydrodynamické Viskozita, VI Zakladovy olej
mazanie
Para/H,O Odolnost vodéi korézii | Protikorézne Protikorézne
Oddelovanie vody vlastnosti prisady
Deemulgacia Zakladovy olej
Teplo Chladenie Oxidacna stabilita Zakladovy olej a
antioxidanty
Prevody Protioderové EP vlastnosti EP/AW prisady
vlastnosti
Konstrukcia Uvoliovanie vzduchu |Uvolhovanie Zakladovy olej
Nizka penivost vzduchu, penivost | odperovace
Hydraulika Kompatibilita s filtrami | Filtrovatelnost Zakladovy olej/
Interakcia prisad




Oxidacna stabilita

Nerozpustné oxidacné produkty
redukuju zivotnost oleja



Ak nie je turbinovy olej dostatocne stabilny

Nadmerna oxidacia v priebehu pouzitia == necrozpustné oxidaéné produkty

Vsetky turbinové oleje degraduju v priebehu pouzitia, ale miera
degradacie moéze byt kontrolovana pouzitim zakladového oleja a
prisad.

Rotating Pressure Vessel Oxidation Test (RPVOT), ASTM D2272 previously called RBOT (Rotating Bomb Oxidation Test)
ASTM D 2070 Procedure A Cincinnati Machine Thermal Stability Test



TG8
Typ oleja : olef MOGUL TB 46
Datum odberu : 21.10.2015
Datum analyzy : 02.11.2015
_ Povolené 6 maj 2015 4 jan 2015 9jui 2015
Kvalitativny parameter hodnoty 23 29 35
Obsah vody (%) <0,01 <0,01 <0,01 <0,01
TG9
Typ oleja : olej SHELL Turbo T46
Datum odberu : 21.10.2015
Datum analyzy : 02.11.2015
Kvalitativny parameter Povolené 8 april 2015 6 maj 2015 9jul 2015
yp hodnoty 18 24 36
Obsah vody (%) <0,01 <0,01 <0,01 <0,01

Posudok

Oleje vTGl, TG2, TG4, TGS, TG9 po stranke degradacnej nezmenili svoj charakter.

V turbine TG 7 je novy olej, ktory po stranke degradac¢nej je vyhovujuci, ale tento
olej neobsahuje (ani novy) nizkoteplotny antioxidant. Jedna sa o najnovsi
vyvinuty olej, kde termicka a oxidaéna stalost’ je dosiahnuta inymi prostriedkami.



4 X, TURBO S4 GX

Shell Turbo S4 X, GX su vyvinuté pre pouzitie v . | 2
priemyselnych fahko a vysoko zatazenych systémoch hlavne \\ - i ‘ A ;
parnych a plynovych turbin a turbokompresorov.
Ponukaju:

= PrediZzenu Zivotnost oleja*

= Vybornu ochranu zariadenia*

= Velmi dobru efektivnost systému*.

* Compared to market representative products




SHELL TURBO S4 X A S4 GX SU NA BAZE GTL (GAS-
TO-LIQUIDS) TECHNOLOGIE

Pouzitie Shell GTL technology umoznuje
ponuknut’ zlepSené vilastnosti:

- Nizka odparnost’

- Vysoky bod vzplanutia

- Rychle uvolnovanie vzduchu
- Odolnost’ voéi peneniu

- Rychle oddelovanie vody

- Vysoky viskozitny index

Shell Lubricants turbine oils 10 November 2016 64



Sludge, mg/kg

5000 T

4000

//

600 -

400 +

200 -

OXIDACNY TESTS: DRY TOST

Porovnanie
réznych olejov
(EV) o R 4
0il | o|.| I oil w‘

-

il
‘= '}4

Dry TOST Evaluation at 1008 hrs (D7873)

Turbo S4 Oil | oilll oil Oil Iv

10 November 2016 65
Testing based on commercially obtained samples
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TURBO S4 X 32 & TURBO S4 X 46 - REFERENCIE

Shell Turbo S4 X  Location Equipment Start Notes
32

Shell Technology Drain and fill

Centre Houston USA Solar Taurus C 60 GT Since
2012

Dominion Energy USA GE Frame 7 FAGT Since Replace Texaco GT
2013 32 — drain and fill

Shell Canada Replace Turbo SG

Scotford Canada Elliott PAP Compressors Since 32 — drain and fill

X5 2014

Shell Canada Replace Turbo SG

Scotford Canada Sundyne Compressor x2 Since 32 — drain and fill
2014

Spectra Energy USA Solar Centaur GT Since New start-up
2015

Empire District Siemens-Westinghouse Conversion from

Energy USA 1426RT2 Steam Turbine Since Mobil DTE 732
2015

Shell Chemicals Singapor GE Frame 5 (x2) Proposed Currently using

Seraya e Turbo GT 32

Shell Buenos Aries  Argentina GE Frame 5 Proposed Currently using



TURBO S4 GX 32/46 - REFERENCIE

Shell Turbo S4 GX

Stadtwerke Rostock
Stadtwerke Rostock

Vattenfall
EDF

EDF

Samsung (EPC)

Nigeria LNG-Bonny
Island

SNEPCO - Bonga
FPSO

Location

Germany
Germany

Germany

France

France
Saudi-
Arabia

Nigeria

Nigeria

Equipment

ABB V32A Steam

Turbine

Siemens SGT 600

GT
Siemens GT

GE Frame 9FHA

GE D14 Steam
Turbine

MAN Turbo-
Compressor

GE Frame 6B

Solar Mars 100

Start

Since 2015
Since 2015

Since 2015

Since 2015

Since 2015

Since 2015

Proposed —
Upcoming
outage

Proposed

Notes

Drain and fill

Drain and fill

Top off — Shell
Turbo CC 46

Initial fill new
combined cycle

Initial fill new
combined cycle

Initial fill new
project

Currently under
discussion

Turbo S4 GX 46
top-off



Shell Martinez GE Frame 6B (x2) Proposed Currently using
Refinery Turbo CC 32
Shell Puget Sound USA GE Frame 6 Proposed Currently using

Refinery Turbo CC 32



PREVADZKOVE VYHODY - ZHRNUTIE

1. Pouzitie olejov z Group Ill (Shell Turbo S4 X, GX)
prinasa v parnych turbinach obvykle trojnasobnu
zivotnost’ (+200%) pri cca o0 130% vyssich
investiciach

2. Pouzitie olejov z GTL (Shell Turbo S4 X, S4 GX) znizuje
naroky na udrzbu predovsetkym vdaka znizeniu tvorby
usadenin, prediZenia Zivotnosti filtrov, zvySenej uginosti a
spolahlivosti



