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Meet Our Team

RWG Participants

8

Mick Conway Chamaka Li Dave Ogden Kyle Harper Darren Craigmile

Business Development Manager Rotating Equipment Engineer Senior Project Engineer Regional Sales Manager Project Engineer
All Regions All Supported Products Large Engine Business Europe, Middle East & Africa Large Engine Business

All Supported Products All Support Products
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Introduction to RWG

Company Profile and Capabilities
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Introduction to RWG - Overview

Overview

RWG is a Siemens and Wood Company and is the
market leader in aero-derivative industrial gas
generator maintenance services.

As a provider to worldwide Oil & Gas, Energy and
Marine Propulsion Industries for over 30 years,
RWG holds OEM approval for all required
aftermarket maintenance services.

Over 500 Specialist Personnel and three global
locations provides unrivalled support for Gas
Generator Operators worldwide.

Our reputation for the highest quality standards in
the industry is maintained through continuous
investment in training and certification, competence
and quality assurance.

SIEMENS - wood.- mWG&G
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1981

Prime Mover Maintenance
Prime Mover Maintenance,
which later became Rolls
Wood Group, is opened and
enters the gas turbine repair
and overhaul business.

1990

The Journey Begins
Rolls Wood Group (Repair &
Overhauls) Limited ("RWG") is
founded in Aberdeen, UK

through the creation of a joint
venture between Prime Mover
Maintenance and Rolls-Royce.

1999

2001

2004

RB21

2008

the Avon 200

The C

RWG acquires Rolls-Royce
Canada’s industrial Avon
and RB21 repair and

Dvoductlon to t'w UK

capabliity
RWG dustrial

The R
Canadian capabxlmes brings

overhaul prog: s to
bring additional capability
to the business.

capabiiity to the RWG centre of
excellence in Aberdeen.

he
RB21 DLE (dry low NOx) model
1o its portfolio in Aberdeen
providing a full scope of service
support

Our industrial Avon repair and overhaul capability
expands with the addition of Avon 200 upgrade
services.

Aligning with demand in Malaysia
RWG creates a joint venture providing in-country
gas turbine repair and overhaul expertise.

Pioneering business vision
RWG plans its transformation
into a market-leading global
service provider for industrial

O— o

1994

Strengthening industrial Avon and

gas
Rolls-Royce transfers its
industrial Avon, RB21 and
Olympus engine business to
Aberdeen to become part
of RWG.

RWG completes the acquisition of
GTC Gas Turbine and enhances the
scope of its industrial Avon and
Olympus repair and overhaul
service offering.

Waelcoming 501 to the
folio

RWG acquires Rolls-Royce’s
industrial aero-derivative
SOWK/57x business in the US,
adding workshop facilities in
Texas and California.

-

Now Houston facility
RWG opens a dedicated repair and
overhaul facility for industrial 501 gas
turbines in Houston, with capacity to
overhaul up to 50 engines per year.

@, 2009

International team, international
success

RWG employs more than 500
people across UK, US & Malaysia,
with a milestone £150 million
in sales.

3¢

2016

Adding value to customers.
o

RWG's secures new contracts in
power generation and oil & gas
in the UK, Thailand, Dubai and
Sweden

Successful overhaul of first

The first Rolls-Royce Marine
Spey gas turbine to be
overhauled by RWG leaves the
company’s Aberdeen facility,
and successfully installed onto
the Royal Navy frigate

HMS St Albans.

2015

Rolls-Royce marine engines join portfolic
RWG adds Rolls-Royce marine Spey, Tyne
and WR21 gas turbines to its portfolio and
is awarded a long term service agreement
by Rolls-Royce for maintenance support of
marine Spey gas turbines used on UK
Royal Navy frigates.

A boost to testing capability
RWG enters a lease agreement with Rolls-
Royce for its UK gas turbine test facility
with 3 dedicated test cells capable of
liquid and gas fuelled testing of a range
of engines.

Acquiring Siemens RT power
turbine capability

RWG and Siemens establish a
centre of excellence in the UK for
maintenance, repair and overhaul
of Siemens RT power turbines,
bringing service provision to the
Eastern Hemisphere.

Investing in new talent
RWG's apprentice training

programme celebrates 25 years of

success and trains more than 160
apprentices since the company
was founded in 1990

<
2014

New shareholder,
new beginnings

2010

20 years and counting
The RWG joint venture
Rolls-Royce sells its celebrates its 20th year
energy business to in business.

Siemens, along with its =

SO Shacerarain i the - 1990 - 2020
joint venture. The joint o

venture's name changes
to RWG (Repair and
Overhauls) Limited.

REPAIR & OVERHAUL EXPERTISE

2017

In 2017, RWG completes the 130th
Avon 200 Upgrade

The 130th Avon 200 Upgrade is completed at
RWG's Aberdeen facility, marking a significant

milestone in the history of the Avon Engine.

2018

First SGT-A3S5 GT major overhaul

RWG completes the world's first 100,000
hour overhaul on the SGT-A35 GT variant.
Paving the way for the major maintenance

requirements of the global fleet.

2019

NADCAP Approval
NADCAP has awarded RWG with
f

for
including fusion weiding and
heat treating.
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SGT-A35 (Industrial RB211) All variants including DLE, GT, GT30 and Gzero

SGT-A20 (Industrial Avon) All variants

SGT-AO05 (Industrial 501) All variants including DLE

Industrial Olympus All variants, limited supportability on 2024 ‘C’ rated machines
Marine Olympus, Tyne, Spey, WR21

Global Locations

-

lmu”ll ]
R =

RWG Ltd, Aberdeen, UK RWG Inc, Houston, USA RWG OTEC, KL, Malaysia
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Introduction to RWG

Our Capability Profile

Major
Maintenance

Field Service

Routine
Inspection

On-site Repair &

Troubleshooting

Installation,
Removal &
Recommissioning

SGT-A35 Operational Service

Parts Support

Refurbishment

Management

Engineering

Technical support

Root Cause
Analysis

Repair
Development

Criteria
Rationalisation

Asset Retirement
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Customer Experience
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Customer Experience

Business Continuity

G Risk Assessment

REPAIR & OVERHAUL EXPERTISE

 RWG'’s facilities have remained fully operational during the RWG RefNo: Uss

Location: All RWG Sites

COVID pandemic. ok ety Rediing sposure 1 OV

s !

jdean@rw ;;""".....-"f'-.?".';:..

- - Jennifer Dean ft o
» We have adapted our business to operate in the new John Edwarde group.com -
. Assessment Date: 23/09/20 Review Date: As Government updates are issued
Review three unfess e more frequently
enVI ronmentl Duscrwnn of Process or Activity: This risk. hE:::en wﬂ with the
of Hla of Health and Safety at Work Regulations 1999 and The Health Pratection
{Cs i C i 2020. Itis ial that RWG puts measures in place to
_ Remote WOI’kIng |OC8.t|0nS I':kb stop ar redu‘:mallrl: spread Df the n:ln::l:nus and Br:dmm“::?m of all m;palu::: b;lrﬁ:;:nl of this
measures. “Please note: This risk assessment will be reviewed on regular basis due to the rapidly
— Promoting social distancing where possible Conclusion:

There is a potential for anyone to come infte contact with and | or pass on the COVID-19 virus. According to
the Government Guidance available to the publl& al the date this risk assessment was issued - the risk level in

— Minimising contact between employees axsescment has bean produced i hep a sise and manage the ske 1 profect averyons.
— Continually reviewing working conditions and challenges 5 ey e s L ::“:,.
4 'WW“'”_;._'M” wach of regulssions. a Likeby to Occur
— Following and adhering to the guidance as it changes 5 | Moo e .._:"w....,,..mm.wvw 3 My Happen
» On-going challenges exist around field service mobilisation - e :
3. Severityx Likellhood - Risk Rating
« RWG has infrastructure to allow customers to remain close I e -
to our business during these times e if:‘,,j1';:’;",::',“::;:?;“;:‘;,3“’""""’"
s..u:.ﬁ‘““““i"kﬁ‘;ﬁ:i”.:}mmw'*“'
S Aot o Mot igh o Extme E Moderate
by Name & Job Title: Date:
(As Low as Reasonably Practicabile) raeme Gillespie 230072020
Sty ety IG M
JJ

SEITIETOP - MEASURE - MOVE




<SGT-A35

“¥ USER GROUP"?

—~—WG

EIN 2020 MEETING WF . Maintenance Support for Siemens Aero-derivative Gas Turbines REPAIR & OVERHAUL EXPERTISE

Customer Experience

Promoting Customer Interaction induction and Bulk Strip

« Utilising existing and investing in new technology, RWG is
focused on maintaining external communication during

these challenging times Inspection and material
review

» Customer engagement during repair, overhaul and field
service activities is essential

* Remote test witness allows the customer to experience Repair Process
the test from any location

* Remote video reporting and document sharing avoids
travel costs and risks whilst providing vital information
transfer to customers.

Rebuild

e Huddle is a Document Collaboration & Client
Engagement Portal allowing workflows to be created and
documents to be shared.

Despatch
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SGT-A35 — Industrial RB211

Over 30 Years of Supporting the Global User Network
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SGT-A35 — Industrial RB211

RWG is the global leader for SGT-A35
aftermarket maintenance

70+ engines per year

Over 100 employees dedicated to the maintenance
programme

1370 major workscopes have been completed to date
Strict turn times reduce operational downtime

Core modules and engines available for exchange or
lease

Full liquid and gas testing capabilities

Vast inventory of new and serviceable parts available off
the shelf

Fleet leading machines now over 200k TSN, whilst early
-24GT’s are now over 100k TSN

Unique repair processes to promote in-service integrity

Technologies Supported

-22

-24 AB,C

24 G

24 GT

GT30/+

Dry Low Emissions (DLE)
GZero
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Continued investment by RWG in SGT-
A35 component repair development has
delivered:

0 600 Remanufacture Routes - including 287
source method controlled and 170 RWG
proprietary repairs (TIs)

O Annual Repair Volume —in a given year in

_ _ ‘ excess of 110,000 individual SGT-A35
Advances in gas generator design, components pass through RWG’s dedicated

materials technology and enhanced Advanced Remanufacture Business

protective coating systems has greatly O Life Extension — Many SGT-A35 parts

improved equipment service life. achieve significant service lives, undergoing

O Despite such achievements performance RWG'’s remanufacturing process between four
of critical components deteriorate over and five times, exceeding 100,000 service
time hours

L Harsh operating environments degrade :
coatings, component metallurgy and ~ Customer Benefits
dimensional tolerance Dedicated engineering resource

O Without intervention operators face accelerating OEM repalr approval process
significant costs for replacement of
unserviceable material

High quality OEM approved repairs
ensuring equipment integrity
Improved maintenance cost management
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Lightweight aero derivative gas turbines can be
susceptible to corrosion, particularly to the
compressor sections (Metco abradable linings)

This can be due to reasons such as:-

Hostile operating environments

Prolonged periods of shut down

Inadequate intake filtration

Insufficient compressor washing/drying
Inadequate preservation per PAB 02-0003-02

OO0 0Do

Effect on Operation
» Premature engine removals due to
performance loss or component failure

» Higher rate of component
repair/rejection during overhaul
» Increases maintenance and overhaul

COsSts
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DLE machines are sensitive to changes
In environment, ambient conditions and
wear and tear through operation.

This may lead to side effects such as:-

a
a

Diminished operational window

Hardware damage due to excessive
combustion noise

High emissions
Pullback and shutdown of Engine
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RWG Solution

Definition and setting of critical
dimensions, specific to operational profile:

O Operator requirement — Review of site
requirements and operating profile

O Calculation — Engineering assessment of
critical flows and historic tolerances to
determine optimum build settings

0 Machining — Machining and matching of
Discharge Nozzle bleed control rail

O Fine tuning — Adjustment during engine
test (if required)

Customer Benefits
Operational flexibility and compliance
for full life cycle between overhauls

Lower maintenance costs due to
reduced parts requirement
Increased online time
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DLE Combustion Swirlers can be susceptible to

cracking around the secondary fuel gas feeder

gas feeder ring ring (GFR) which can necessitate costly

m— replacement

O VSS engines particularly susceptible due to large
temperature variations

U Cracking in feeder ring can be repaired using
conventional weld repair methods

QO Cracking extending into transply material could not
be repaired due to complexity of brazed ‘sandwich’
material

0 Combustors which had been repaired >2 times
became more susceptible to cracking

Secondary fuel

Transply section
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RWG collaborated with combustor OEM to
develop solution to reduce cost for operators

O Repair developed in conjunction with Combustor
OEM to repair GFR and Transply cracking

O GFR and transply replaced with complete new
combustor section

O Reviewed and approved by Siemens

O Repair cost ~30% of new part price

O Can be completed in normal overhaul time frame

O Renews life of combustor for a further 2 overhaul

cycles




<SGT-A35 _&:
¥ USER GROUP ? \\*

EIN 2020 MEETING

~—WG

Maintenance Support for Siemens Aero-derivative Gas Turbines REPAIR & OVERHAUL EXPERTISE

y

Combustor Recovery (Phase 1 & 2 FCL) RWG Solution

T ; In-depth repair processes are available to
Oy M address and mitigate recurring issues:

0 Enhanced Coating — RWG has introduced
revised coatings to slow the rate of
degradation

QO Part replacement — Complete replacement
of individual parts and sections, using
serviceable donors if required

and
Fuel quality has an effect on the QO In Service Inspection — review at

degradation rate of Combustion scheduled intervals to monitor condition
Components which leads to defects such as:-

Accelerated burning of Heatshields
Mini Flare material loss and erosion
Thinning of wall sections

Customer Benefits
» Significant reduction in maintenance

COosts

Excesgive costs for replacement of » Maintained Combustor performance
defective components for duration of life cycle

U000
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RWG HP Thrust Bearing Failure Experience

Oil Quality LOC Malfunction
X

2018 Offshore West Africa

2015 Onshore UK X
2015 Offshore West Africa X
2015 Onshore North America X
2010 Onshore South America X

2008 Offshore UK

~—WG

Maintenance Support for Siemens Aero-derivative Gas Turbines REPAIR & OVERHAUL EXPERTISE

RWG has experienced several HP
Thrust Bearing failures. Root Cause
Failure Analysis indicates the
primary cause of failure is oil
guality.

To reduce incidence of this failure
Siemens has issued a revised Product
Advisory Bulletin

PAB 02-0007-03 (July 2020)

SIEMENS

Product Advisory Bulletin

SGT-A35
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With 800 units sold worldwide and over 38 million* hours of
service, the SGT-A35 has evolved to be an inherently reliable
gas generator. Failure of critical component is thankfully a very
rare event. When an event of this nature occurs each incident is
thoroughly investigated to establish root cause, with
subsequent actions recommended to mitigate future risk.

IP Turbine Blade Failure

RWG is aware of two IP turbine blade failures in recent history. Both
failures occurred in 2019, relating to gas generators used in base
load power generation. RWG performed a Root Cause Failure
Analysis (RCFA) for one of the gas generators following loss of an IP
Turbine Blade:

Model: SGT-A35 GT (non DLE)
Serial No: 1880-XXXX

TSN: 88,702

TSO: 16,683 (RWG 2017)
Cycles: =602

*Source Siemens Energy Website
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Images from RCFA IP Turbine Blade Investigation

Following strip of Module 05, extensive analysis was performed on a

selection of IP Turbine Blades exhibiting damage and/or loss of the aerofoil

including:

. Creep Life Analysis - Dimensional inspection to identify any change
in blade length, lean, shroud curl, interlock erosion and blade untwist

. Component History — Review of operating hours, repair history
(RWG 2017) and comparison with other fleet leading gas generators

. Metallurgical Assessment — In-depth analysis of affected
components to determine mode of failure

This assessment concluded that IP Turbine Blade failure was due to high
cycle fatigue (HCF) associated with blade excitation resulting from worn
blade outer shrouds.

Conclusion

It was noted at detailed inspection that IP Turbine Blade interlocks exhibited
significant thermal erosion, much more than usual for the TSO. Detailed
investigation of Module 04 and Module 05 also identified evidence of
thermal erosion and hot streaking in the combustion chamber, HP and IP
Nozzle Guide Vanes. Analysis of gas fuel nozzles and fuel manifold
identified the presence of contamination, including sulphur and liquid
condensates. Fuel quality was identified as the probable root cause of
localised overheating and accelerated thermal erosion within the combustor
and turbine section.
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Maintaining a supply of critical spares
for gas generator overhaul is always a
challenge for MRO shops. Recently this
has been exacerbated by:

U Problems experienced by the OEM in
managing the transition from Rolls-
Royce to Siemens supply chain

U Maturing fleet and the impact of SB191
on ‘GT’ LLP lives
It’'s RWG’s job to shield our customers

from potential delays, which can be
achieved in several ways

Maintenance Support for Siemens Aero-derivative Gas Turbines
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Mitigating Supply Chain Challenges

a

Extensive Stock — 18 month forward
order on critical spares with over £22MM
of current inventory

RTP Programmes — Purchase of
surplus assets to create a rotable pool of
serviceable and overhauled inventory
Component Repair — Deploying in-
house component repair capability to
mitigate requirements for new
replacement parts

Common Parts — Securing TLRF
acceptance for substitution of common
24 G and GT LLPs

LLP Life Extension — Securing TLRF
acceptance on a case-by-case basis for
life extension of ‘GT’ LLPs

RWG Quality Acceptance Standard —
Establishing a precedent with the OEM
for revision to defect acceptance criteria
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Hexavelent Chromium has been identified at RWG
during SGT-A35 overhauls

O Yellow residue identified on 04 Module
O Particles disturbed during bolt removal

O Action plan initiated to mitigate health and safety
risks

O Siemens PSW-0008-01 released March 2019
introducing screening method for identification of
Cr(VI).

Processes introduced to reduce safety risk | —
Controlled environment in facility, low risk g Chromatevéheck
Further work to develop new coatings with no chrome content Swabs
Quarantine suspect assemblies and components
Take samples for lab analysis

Spray Ardrox on any dust particles to prevent airborne
contamination

Wash affected parts using approved method

Instant Chromate Test

Iy I W Wiy
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