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Sharpened strategy:
Building a profitable new energy business
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Industrial approach Value driven Growth opportunities
» Leverage core competence » From subsidies to markets + 15-20% of capex in 20302
« Scale & technology reduce costs * 9-11% return range (real)  Offshore wind and other options
e Access to long-term projects e Cash flow resilience * Low-carbon solutions

1 Indicative for offshore wind projects
2 Indicative, based on potential future corporate portfolio. ‘b
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Stremleveranse fra offshore vind til >1 M husstander

Offshore vind prosjekter i utvikling >1100 MW,

og potensial for >5 M husstander
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New energy solutions: Hgy aktivitet 1 2017

HYWIND SCOTLAND
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Hywind Scotland Pilot Park

« De positive resultatene som er oppnadd pa Hywind Demo
har fort til at Statoil na ser at tiden er inne til a ta et
] ytterligere steg mot en kommersiell offshore vindpark.

Hywind Demo brukes til fortsatt til test/ demonstrasjoner
av fartgyer og aksess systemer for a sikre best mulig
tilkomst lgsning

1 PAONRS Statoil jobber med a forbedre konseptet ytterligere og
Batwind: Adding battery storage industrialisere lgsningen slik at vi kan konkurrere i markedet
for fornybar energi.

Statoil ser det derfor som svert viktig & opprettholde
driften pa Hywind Demo for & kunne tiltrekke seg viktige
2017 e aktgrer innenfor leverandgrkjeden og opprettholde det
SEOIEITR AL RLL ol Sl R videre arbeidet med & optimalisere Hywind konseptet

2009

Demo: Proven in the North Sea
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Hywind Demo hovedaktiviteter siden 2009

1. Etablert O&M base hos Skude Industri i Skudeneshavn, benytter lokale leverandgrer

2. Testet bater og aksess systemer bl.a.: Fob Trim, Buddy, Fob Swath1l m/Undertun prototype gangvei,
Bayard 3 m/ MaXccess, Island Crown med Uptime/MA gangvei, Fjellstrand WindServer 25 / 30, A+D
Vessel Motion Measurement System, Stinger MicroROV, etc

3. HMS kurs/gvelser, demonstrasjon og testing av nye teknologier og systemer, forskning og testing pa
turbin kontroll systemer, Digitalisering
—— \T ."""‘_‘e.
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edictive/ Subsurface
analytics

4. Next generation well/renewables




1970’ 1990-

Mainframe computers Tampnet - b

to process seismic data opticsfor offshore
installations, enabling big
data transmissions

Score project —common platforms for subsurface
data, new IT-tools like 3D visualization rooms

1998-2003:

Asgard subsea
compression goes live

2015:
Valemon on stream,
partly unmanned
operations from onshore
Central Control Room

2017:

- Statoil NES- CBM
project with Kongsberg
Digital

- Kongsberg, Statoil og
Fred. Olsen sammen om 4
«digital vindrevolusjon»£”
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Al, cloud, Big data,
high capacity
computing, robotics
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Building tools and developing competence

Our Strategic belief:

Data and algorithms will
be core strategic assets.

Digitalisation focus to use enabling
technologies and analytics to ensure

Corporate effort to improve operations across

Statoil to build the foundation to realise Production increase from improved
forecasting and cost reduction from

ambition

optimal maintenance
SO | | d d ata m Od el S an d Once foundation is in place we can explore
access tO d ata iS new business models

essential




Big Data Value

proposition for Wind O&M

Production Cost Extend the Use existing Small
increase, efficiency — life time free operational
higher optimized technology in footprint
maintenance new way align with
& Climate
develop new
HSE/Safety/Security: Remote, .\
Minimizing on-/offshore tri \&e(b e
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New
Energy Corporate

Solutions CoE

Operational
Excellence

«» Reports
g Performance <
X Decision Data 0.5@
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KPI, CMS, Da\a’KP\
CBM
Knowledge
sharing
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Data/KPI's

Shéringhar'n Shoal

(88 Siemens 3.6MW)

Hywind Pilot Park

(5 Siemens 6.0MW)

p.
p

1* .
“ Statoil




HYWIND Demo- Kongsberg Digital CBM project

Supported by ENOVA
“For Hywind Demo Statoil sees a large potential in predicting failures and
initiating mitigating activities prior to standstill of the turbine.”

—_—

Project Objectives: .
1. Better understanding of degradation mechanisms

2. Early warning of component underperformance/
degradation

3. Fault recognition and root cause identification
techniques

4.  Remaining operational lifetime (RUL) calculations for
major component classes

O&M: Introduce CBM methodology

* Statoil
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http://www.tu.no/kraft/2015/02/27/hywind-kunne-satt-produksjonsrekord-men-servicebaten-kom-seg-ikke-ut-pa-to-maneder
http://www.tu.no/kraft/2015/02/27/hywind-kunne-satt-produksjonsrekord-men-servicebaten-kom-seg-ikke-ut-pa-to-maneder
http://www.tu.no/kraft/2015/02/27/hywind-kunne-satt-produksjonsrekord-men-servicebaten-kom-seg-ikke-ut-pa-to-maneder

Ko.gnifi and EmPower Methods
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Predictive Analytics- Main Component/ Gearbox fault

« BExample: Gearbox fault Detected 6 months before it causes a production stop.

« Corrective Maintenance: Fault not detected before production stop. Inspection and repair parts has to be ordered and executed during
production stop. Inspection and maintenance might be delayed due to weather conditions.

- Predictive Maintenance: Fault detected 6 months before it cause production stop. Pre on-line analysis, Inspection, Repair parts and

maintenance can be executed and ordered during production. A proper weather window is selected effective maintenance.

Start
Vlon 24.10.16

Finish
Wed 27.12.17

Task Name

= Gerbox fault with and without CBM
Gearbox damage in Stage 1 and 2
Gearbox damage in Stage 3

Gearbox damage in Stage 4

= Gearbox fault without CMS
Fault detected, turbin out of service
Investigation of fault
Order of replacement
Prepatation of replacement
Replacement of gearbox
Replacement finished
Turbine out of prodoction

= Gearbox fault with CMS
Fault detected
Investigation of fault
Order of replacement
Prepatation of replacement
Replacement of gearbox
Replacement finished
Turbine out of production

¥ |Duration ~ |Start

308 days?
120 days
80 days
40 days

69 days
0 days
10 days
3 days
50 days
Sdays
0days
69 days

63 days
0 days
5 days
3 days
50 days
Sdays
0days
5days

+ [Finish -

[October  [November [December [lanuary  [February [March [April [May [1une [uly [August I [October  [November [December [January  [Febr

Mon 24.10.16 Wed 27.12.17
Mon 24.10.16 Fri07.04.17
Mon 10.04.17 Fri 28.07.17
Mon 31.07.17 Fri22.09.17

Fri22.00.17 Wed27.12.17
Fri22.09.17  Fri22.09.17

Mon 25.09.17 Fri06.10.17

Mon 03.10.17 Wed 11.10.17
Thu 12.10.17 Wed 20.12.17
Thu 21.12.17 Wed 27.12.17
Wed 27.12.17 Wed 27.12.17
Fri22.09.17 Wed 27.12.17

Fri07.04.17 Wed05.07.17
Fri07.04.17 Fri07.04.17

Mon 10.04.17 Fri 14.04.17

Mon 17.04.17 Wed 19.04.17
Thu 20.04.17 Wed 28.06.17
Thu 29.06.17 Wed 05.07.17
Wed 05.07.17 Wed 05.07.17
Thu 29.06.17 Wed 05.07.17

| - al
RUL Information:

CMS Warning & Guidance

On-line trend analysis

RUL Estimate (Being Develop)

10

& 2712

69 Days Down Time

October

2017 Apri Ju 07.08

90% Improvement in Down Time

¢ 0507
Inspection and Exchange — 6 days down time




O&M CBM Process and Savings
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The Vision - Cloud data Platform

Optimized Q&M

[
Y
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Universities/

Analysts/31 party

Analysis

Data Flow Availability Algorithms Intelligence

Make data, and business features, easily available for those who need them, when they need them, where they are, on the
device they have; in “real time”.
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Wind O&M legacy and Digital future

O&M is a serious business and cost a lot of money. Not maintaining costs even more!

Constantly chasing lower cost of energy (COE/ LCOE). All areas are important and Operation & ™| v,
Maintenance (O&M) in particular because it accounts for up to 30% of COE "1k

Nogm S5 S

Like it or not, the maintenance business is being forced to change. Pressure to continually work ~— ™[s = o

smarter, cut costs and be more productive. Solutions and forums are available to help. Ultimately, ~ w077
change is inevitable and constant, and should be embraced in order to improve 0

Siemens continuously monitors 24 Million different parameters (pressure, temperatures,

vibration patterns). That translates into about 3,200 individual measurement values for each
WTG continuously collected and updated. In 2015 the database contained around 300 terabytespEs
of data

Industry cannot longer rely on Excel for logging and analyzing data. Software is a not a barrier but
access to data is still a barrier.

We own Big data! Sharing it is better than locking. Technology allows sharing wind data to
improve performance. Industry generated knowledge is the key to create competitive industry=>»
learning together & Share best practice
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Dr. Nenad Keseric
_NES NE®"Operational Excellence

nenk@statoil.com
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