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Rules and Standards for
Offshore Wind Energy
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Names of International Organizations

EMEC Y=

THE EWROFEAN MAKINE ENERGY CENTNE 11D

- DNV-GL #PRE-EE#RRt

- |[EC EffffTERE

- European Marine Energy Centre (EMEC) RUMiEFEEEH()

« EN (Euro Norm standard) BUMiRERZRS

+ |EEE (Institute of Electrical and Electronic Engineers) BBSFfIEEF T2
i<

«  I1SO EfMrEHER

« Renewable UK. ZEETB4AER

° NORSOK }gBWE;EIﬂ}i*,ii}b foeran ind Jvergy Awcistion
 Federal Maritime and Hydrographic Agency (BSH) EEELFSESEFK
NHIEE

* American Society of Mechanical Engineers (ASME)
+ British Wind Energy Association, BWEA [E X|gEths

¢ IEEE WNEWEA DNV-GL
o = renewableUK
] -~
:c:l OGRAPHIE Sta n d a rd ﬂ :
A T0vRheinland®
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Standard and Rules
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Standard and Rules

DNV-0SS-901
EMEC

DNV-RP-J101

DNV-RP-J101

DNV OS-C502
DNV 0S-D201
DNV

DNV

EMEC

EMEC

EMEC

EMEC

GL 1V-6-3:2007

GL 1V-6-4:2007

GL 1V-6-7:2005

GL-TN

Project Certification of Offshore Wind Farms

Guideline for marine energy certification schemes

Use of Remote Sensing for Wind Energy Assessments - Incorporates Amendment: November
2011
Use of Remote Sensing for Wind Energy Assessments - Incorporates Amendment: November
2011

Offshore Concrete Structures

Electrical Installations

Marine ship design aspects

Guidelines for offshore project planning

Guideline for marine energy certification schemes

Guidelines for Grid Connection of Marine Energy Conversion Systems.

Guideline for marine energy certification schemes

Guidelines for Project Development in the Marine Energy Industry

Rules for classification and construction - IV: Industrial services - Part 6: Offshore technology -

Chapter 3: Fixed offshore installations

Rules for classification and construction - IV: Industrial services - Part 6: Offshore
technology - Chapter 4: Structural Design

Rules and guidelines - IV: Industrial services - Part 6: Offshore installations - Chapter 7:

Guidelines for the construction of fixed offshore installations in ice infested waters
Technical Note Certification of Training Programs and Training Systems in the Renewable
Energy Industry, Edition 2013



TREFIALE

Standard and Rules

GL-IV-1

DNV-0S-J101
DNV-0S-J201
IEC 61400-22

GL IV-2-1/13

BSH

ASME PTC 18:2011
ASME PTC 29:2005
EN 50308 (FprEN
50308:2013)

EN 50308:2005

IEC 61400-11:2012
IEC 61400-3

IEC 61400-12-1:2005

IEC 61400-12-2:2013
IEC 61400-22:2010

GL-TN

Guideline for the Certification of Wind Turbines, Edition 2010

Design of Offshore Wind Turbine Structures

Offshore Substations for Wind Farms and DNV-RP-H103, Ship Transit Accelerations
Wind turbines — Part 22: Conformity testing and certification

Wind / Guideline for the Certification of Offshore Wind Turbines

Standard Design of Offshore Wind Turbines

Hydraulic Turbines and Pump-Turbines

Speed Governing Systems for Hydraulic Turbine Generator Units
Wind turbines - Protective measures - Requirements for design, operation and maintenance

Wind turbines - Protective measures - Requirements for design, operation and maintenance
Wind turbines - Part 11: Acoustic noise measurement techniques

Wind turbines - Part 3: Design requirements for offshore wind turbines

Wind turbines - Part 12-1: Power performance measurements of electricity producing wind
turbines

Wind turbines - Part 12-2: Power performance of electricity producing wind turbines based on
nacelle anemometry

Wind turbines - Part 22: Conformity testing and certification

Technical Note Certification of Training Programs and Training Systems in the Renewable

Energy Industry, Edition 2013



TREFIALE

Standard and Rules

GL-IV-4

ISO 76

IEC/TS 61400-26-1

GL-TN 065

IEC/TS 61400-13:2001
IEC/TS 61400-23:2001
NORSOC NEK606

IEC 61400-4
IEC61000-5-2
IEC61000-6-2
IEC61000-6-4

Guideline for the Certification of Condition Monitoring Systems for Wind Turbines, Edition 2013
Rolling bearings -- Static load ratings

Wind turbines - Part 26-1: Time-based availability for wind turbine generating systems

Technical Note 065 (TN 065) Grid Code Compliance Certification procedure, Revision 7,
Edition 2010

Wind turbine generator systems - Part 13: Measurement of mechanical loads

Wind turbine generator systems - Part 23: Full-scale structural testing of rotor blades
Cables

Wind turbines - Part 4: Design requirements for wind turbine gearboxes

EMC - Cable routings

Electromagnetic Compatibility

Electronics in blades

[.}_ TUVRheinland”®
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TREFIRGE
Standard and Rules

Technical Note Certification of Training Programs and Training Systems in the Renewable

Sl Energy Industry, Edition 2013

OHSAS 18001 Health & Safety Standard

Renewable UK H&S Guidelines: Onshore & Offshore H&S

Renewable UK H&S Guidelines: Vessel Safety

GL-TN 'IID'(recc’:E:Eijcuarlel;l,otReé \s,‘igirgiljl’icza:tifo(gliti%anizrgOI;rotection Systems for Wind Turbines, Certification
IEC 60439 Low voltage switchgear and control gear assemblies

ISO 19902:2007 Petroleum and natural gas industries. Fixed steel offshore structures

ISO 19903 Petroleum and Natural Gas Industries - Fixed concrete offshore structures.

Lloyds Register Offshore lifting and transportation

[.}_ TUVRheinland®

Precisely Right.
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RITIAUE-IECHRA
Type Certification - IEC Standard

Design Type Manufacturing
Evaluation Testing Evaluation

Type
Certificate

Foundation
Design Evaluation
(optional)

Type
Characteristic
Measurements
(optional)

A TUVRheinland®
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Project Certification - IEC 61400-22 with Optional Modules

Site
Conditions
Evaluation

Design Basis
Evaluation

Integrated
load analysis

Type
Certificate

Wind turbine
design
evaluation

Support
structure
design
evaluation

Other
installations
design
evaluation

Wind turbine
components
Manufacturing
Surveillance

Support
structure
manufacturing
Surveillance

Other
installation
Manufacturing
Surveillance

10

Transportation
and Commissioning
installation surveillance
surveillance

Final Evaluation

Operation and
maintenance
surveillance

SOC audit for o T
: TUVRheinland
O&M services A Precisely Right



RFNEAIREAE ( GLIRA )
Type and Project Certification - GL Standard

Design
Assessment

Quality Prototype
Management Testing

Type-
Certificate

. ifi Surveillance of
Slt;i?egl ¢ Manufacturing Transport-,
A 9 Surveillance Install. &
ssessment Commissioning

Site-

Assessment

SOC audit for O&M services

Project — Periodic ’

Certificate Monitoring

"

A TUVRheinland*



TUVERE X EBIE4ESoCIAIEF R E
Standard of SoC for M&O Service — TUV Rheinland

& LAV I ANbRTE Professional Assessment and Standards
Assessment of Maintenance Service for Wind Energy Systems:

TOV Rheinland (Shanghai) Co., Lid. A TUVAhelaland”
Meper T Rnenang Grap n Grester Co Frecinny Right.

TRC-WE-WP-001

& 5% kit Referred Standards

* Principles for condition-based maintenance of wind turbines adopted
by German Wind Energy Association (BWE)

«  DNV-GL Guideline
« |EC 61400 standards

ASSESSMENT OF MAINTENANGE SERVICE FOR + 1S0 9001:2008
\WIND ENERGY SYSTEMS « |SO 14001:2015

+ BS OHSAS 18001

AS PER IN-HOUSE STANDARD

TRC-WE-WR-001

TOV Rrenang Srargns) €2, Lz
AP

A TOvRheiniand’
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Process of SoC Services - Assessment Model

STEP 1:

Report

MEENENENY Maintenance Services Documentation
Review
(in TUV Rheinland office)

Assessment of

Documentation

A

Quality
Management

On-site Audit Report .
(Verification in the Verification of Service

office) Performance (office)

STEP 3:

On-site Audit Report
(Verification in the Verification of Service
field) Performance (field)

SoC assessment from Service Provider

Statement of
Compliance

Documentation (SoC)

P ——————

A TUVRheinland*
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Case Reference

STATEMENT OF COMPLIANCE

SOC OF MAINTENANCE SERVICE FOR WIND ENERGY SYSTEMS

i Fa g8

L ¥ TS5
Run Yang
01205, Fuc)
P—
Mathodoiogy,
Quaity Mane

"

TOVAbe

STATEMENT OF COMPLIANCE

SOC oF MAINTENANCE SERVICE FOR WIND ENERGY SYSTEMS

s

Ao i

Beijing G

Busang 1,Y4

oyl
Quatiy Manal

[y

A

TOVRho

&

Vithamiand

STATEMENT OF COMPLIANCE (SOC)
OF M, R WIND ENERGY SYSTEMS

AL R BAH KRB AR A RAAEL 3]
AL RENF

China Tianyuan New Energy Technology Co., Ltd
Po 18" Mangding Bueet. Yenuang. Bailing, P Chna

Onara/ffshara WES, Gondifion-8ased Maintenance & Service, Working
Methodology, Procedurss. Working tacilities. Inspection / Testing tacilies and
Quality Manageavent Sysiem

Projmct information: Shady Ok WInd Farm e seommss we sw wames

[.}_ TUVRheinland”®
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8 L X EBRYBSHIFfG
BSH Approval — Standards

THE BSH APPROVAL PROCESS FOR OFFSHORE WINDFARMS IS
GENERALLY BASED ON THE FOLLOWING TWO STANDARDS:

Standard Standard
Oruund Inssstigations fne
Oliahars Wint Farms

g
= T

B =

15

Siandard Desnlon

A TUVRheinland®
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BSH iR

BSH Approval — Procedure and Releases

Certifier /
Technical Expert Geotechnology Registered Inspector

Development Design Basis Preliminary Dréft

e
Impleméntation Plan A

=
Implementation BAM BAW

Production

Transport
Installation

ommissioning (Project-) Certificates Operat. Release -
Final Release

Operation Periodical Inspections Maintain or cancel

Operat. Release = Bridge Alert Management (BAM)

A TUVRheinland®
16 Precisely Right,



BSH i {h 5
BSH Approval — Phases and Components

Implementat . Decommissi

* Nacelle
* Rotor blades

* Tower
Support e Substructure
Structure . Piles
. ¢ Individual installations within windfarm
Cab“ng « Linkage at transformer substation

Turbine

Transformer
Substation

Power Export * From transformer substation to grid
System connection on land

* Including platform

A TUVRheinland*

Precisely Right.
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“I don’t see any risk in my job! “

Z A ZLTEH G 1E TS !

SAFETY

A TUVRheinland”
Precisely Right,
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==E[ e
Murphy’s Law

B CREEIEHRHERRIFIEER | “Anything
that can go wrong will go wrong. : “NEREGH
BeisE , B —E= L.

SIEER IFRIEEXEFRA : If there are two
or more ways to do something, and one of those
ways can result in a catastrophe, then someone
will do it. ( RISREFFERFFRLA LRSS
15 , MEF—MERESIVESECRYE | IYES
ASEHIXFNERE, )

Huaéwg
AW

EEER

g

[.}_ TUVRheinland®
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Murphy’s Law

100 -1= 0.

P> EmEEES , Bl e EEEE— RS
RS ER, (BRSO EER, (2
SRR RS SRR,

A TOVRheinland®
Precisely Right.



INE PR ERRA LGS

Damage percentage

RIEEXERETT TG ESSRE ST

WA ZERE

ABAATHiE
10% 2%

N ZS =i
J&gﬁt

e

A TOVRheinland®
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INBIXBZHITE X - Uncertainty FRHfEM

U

Known—Unknowns 2 40-3%0

U4

Known-Knowns 240-24%0

KNOWN RISKS: RISKS THAT WERE IDENTIFIED BY THE PROJECT
TEAM

SRR : et H 1 AR A
UNKNOWN RISKS: RISKS THAT WERE NOT IDENTIFIED
RIS A R B A

A TOVRheintand*
Precisely Right.



MG ETRIREY

Risk Management Model

Risk Management Planning
S

Risk
Identification*
518
Risk Monitoring
and Control*
A 4% o )
Qualitative Risk Analysis and
Quantitative Risk Analysis

JRRE 5 PE RIS AT

P |

Risk Response Planning
PR ot 1K)

*PMI® Project Risk Management Processes 0 "
EEE A ToVRheiriand'

Precisely Right,



JRUS: F) 932 SE45
Category Examples of Risk

External Risks

A AU

+ Unpredictable A~a] Fili (1]
« Regulatory ¥t
« Natural Hazards [ 4R % 3
« Environmental ¥ 1% ]
+ Predictable (but uncertain) 7 i
N (EAHE)
« Market changes %2514,
« Currency changes % 481k
« Inflation JE 12 iz K
« Taxation il

Internal Risks

A AL

+ Schedule 1%
* Realism 5L
« Availability % %%
+ Requirements 73K
« Technical A
» Technological maturity &

B

- Complexity & 2«14

+ Customization H & X
* Legal M

» Licensing ¥ A iE & i

« Contract ambiguity & [FI AN

* Lawsuits JFi2
« Financial 1145 1)

« Competition %4+

« Strategy /1%

« Contract type & [7|257

A TUVRheinland*
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DAVATBEEINI I L £ NG SRR (Lt yhERIEe)

Swiss Cheese Model

BERIFEFE—ERERMXNKRRE - B[
FEEX - BARE!

S EERR

8. ZEXNILHESH

5. MPEEIRELIRE
6. ARMTHRE

3. IZRREFALZENRT(ZEFHEH)
4. REMRIELEF

ZUWEgENSZRAE
2. ARAERETA

BREH

27

A TOvRheiniand’
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SHURERITRE. ...

Incident happened......

Bt , FRREATEH. ..

WS ———F R AP ERERIRERE ..

A TOVRheintand*
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rules of "safety pyramid”

&
Heinrich%tit T, EHE
TS5 Al E TR
e - STy
i 300:29:1

30014
REEEGE

T30 EAREFHF

AREITA 1000000 AREREE

_TUVRheinland®
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KEEI B rYEEanEHA- XL ETE

Full lifecycle coverage-Risk Assessment

{ Concept/
Products Development

Production/
Manufacture

ajoA0-ay17 Inoybno.y} SIONpoid
ajes Bunensuowsa( g Buunsug

Ensuring & Demonstrating Safe Works Iesting

Project throughout Life-Cycle

Site

Construction & .
Development gl Maintenance
Commissioning

Concept/ Operation &

SAFETY

Decommissioning
/Re-Powering

Ensuring & Demonstrating Safe
Logistics throughout Life-

Cycle of Project and Products

from Risktec

Recycling/
Disposal

A TOVRheinland®
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MG S TAFRAE

Process for risk assessment

i i

iICRFFAT ICRER - X ICRUED
AENBEE KPR EFER PR e 155 AT - AR
RL IR BIRIFE 2R BYRIFS S5 2% ARFAR

A TOVRheinland®
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risk identification

8 EXEBIE N EE BT

AR
EE A
BHEH
N5
HT R o
WIERS
HRRE
ZiH R
V=Y ) A
PRV IR ST 2 N4 A2
bt LW R B AEEZ

TUVRheinland®
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8 _EIXEERYXU SRR B - XIBG S e
Risk Register

Li:ES

BIZE  BEsmER BEER : Bt BT

BLER BEIRMRLIY SERNERALAES BE FRRNMBANTRYE/E TR HEZBMARET FREY
HlsE HlE E At E}Ei& PR Microsoft Bxeel
M E B/ BB R TR
RFEBRR/BRNB KL Worksheet
AR /E R WRREILBRNEAFES
(TRRERH
RABRAR)
il BERNREIY BERRENNANAT LRFR RZEREMBIARGN BIZLHEHSH EREBEME=AREHN FH 6 HERE
sl iz b4 HETHT TSt ﬁﬁﬁ*ﬁAEﬁ HA
BIAR (ARSZ, RABZEM RAERARBEANRS
BIAR)
TRERFELAEL
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Risk assessment-BowTie
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Risk assessment-BowTie
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BowTieXP

KEBRE:
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Error by person

transferring e.g.
poor transfer |

m
™

Design of vessel ‘ - «eration is subject
i to

timing, slip, trip

Weather forecast
itoring before

transfer /motion
to ease transfe: restrictions. Hold
(fenders, ve vessel steady and
egress pl- .ns monitor movements

aElRE
ISR S
PN A=t
SRR AT
BERE

and during
operations

ACTION: Pre-
transfer safety
briefing for persons
transferring -

ACTION: Person |
transferring wears

PPE and safety
harness/ fall arrest

ACTION: Transfer
operations carried
out in accordance
with procedure and

instructi

to remain seated

until told otherwise, |

hold handrails, no
carrying of goods
except in closed
harness tool bag

risk by HAZID-41
trained, competent
people. l— HAZID-40 |

HAZID-40

HAZID-44

A TUVRheinland®
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HSE System for Offshore

37

s
LR

B3R / Policy

R
i+ X7 % / Program

=R

E1871% / Management

IO 4] 3T 14
#2F¥ / Procedure

fak g s
FzE/Form

A TUVRheinland*
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HSE System for Offshore

75 _EIXFE HSEBTRIRE — 5 Ui 1A &
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I Program

[08M-HSE-0205

11

oh
==

=

O&M-m(-uznl
HSE0302
0303

[OBM-HSE-0501
[OBM-HSE-0502
|08M-+

ISR/ Procedure

[ABER
[O&M-HSE:0702 [ THE

[OBM-HSE-0703 [

oem-rseosor [isie ]

[OBM-GN-0%01_[ehes Bl
EFREETD

X

Microsoft Excel
Worksheet

A TOvRheiniand’
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HSE System for Offshore

° MSEMINS

o ARSI

o REREE
F. BhSTEH
o Bl R MRRITREE
i, RIEFIEE

o RISITLEHEIE
o it 5=
o FHER

o (EERitEE
FS R =

GUERIER

® ZTANLER (S{ELTFAT)

A TUVRheinland*
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“ One More intervention, One less injury
Z—kFH, L—kli#F!

B4

Summary

® Safety First (&£ ) -BENBIIEARE
o FEV NS EIRES

o XBLiRAI (SEEELER )
® FRppREFIEE

® Four-eyes principle

A TUVRheinland”®
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Case Share
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Case Share
Access to the Transition Piece
Step 1 - Boat Hand to collect yoyo Step 2 - Approach the transfer zone

Vessel is positioned firmly at Transition Piece *Boat hand will be constantly monitoring the

*Boat hand pulls down on the tether line sea state

-Boat hand collects the yoyo attachment point *When ready the boat hand calls forward the
transferee
*The transferee collects the yoyo attachment
point

NOTE: All persons have the right to call a
"STOP" if they are not satisfied that the
transfer is safe to proceed

Siemens/VestasTil H A 51 ¥%12 S iising
einland®
Precisely Right.
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Case Share
Descending the Transition Piece
Step 1 - Access 2"9 stage ladder Step 2 - Descend 2"9 stage ladder

-Before opening the gate use a lanyard to *Using either the Cabloc slider or

attach to the connection point as shown mountaineering technique descend the 2nd
*Once connected open gate and move into stage ladder

ladder access area *Once at the platform use lanyards to remain
<Connect Cabloc slider to the 8mm wire secured to the 2"d stage ladder and disconnect
*Disconnect lanyard Cabloc slider

*Reach out and collect the yoyo from the 1st
stage ladder

<Connect to 1st stage ladder yoyo, it is now
safe to disconnect from 2"d stage ladder

Crew transfer offshore; Siemens & Vestas )
VG 1R A G A T0vRneintand®
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Case Share
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Case Share

Siemens & Vestas i | ]/ W8 W i1z S i 21 78 28 A TOvRheinland®
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Alex Guo ZHU
®E

Tel. : +86216081 4668
Fax : +86216108 1199
Mobile: +86 18616851922

TUV Rheinland (Shanghai) Co., Ltd.

TOV Building Il, No.177, Lane 777, West Guangzhong Road
Zhabei District, Shanghai, China

www.tuv.com

A TUVRheinland”®
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= MAKE Consulting A/S

7> MAKE

A Wood Mackenzie Business
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TUV Rheinland
Industrial Services...

SAFE

Oil and Processing

Industrial
Services
Chemical

SUSTAINABLE A




Our sevrvice...

Feasibility studies Type approvals

Due diligence On—-site inspection

Design review Supplier qualification

Risk and safety Supervision of loading & discharge
studies Marine warranty survey

Conformity assessment

Plant performance measurements
In-service inspections
Non—destructive testing (NDT)
Maintenance supervision

Asset integrity management

Evaluation of inherited pollution
Environmental impact assessment
Economic analysis

Waste recycling concepts
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2017 Wind Power Industry
Development White Paper

4

Jointly Issued by TUV Rheinland *
and MAKE Consulting f
Sep. 2017
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+ Global Wind Power Market Overview

 China Wind Power Market Overview

» China Market Analysis by Sector

2017 R EEB RS
BEEH TUV 5 MAKE
BaRE

»» MAKE A TOVRheinland®

Precisaly Right,
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Global wind power market witnesses an optimistic

development momentum

2016 had the second largest
new capacity in the global
history.

In the following decade, all the

regions, except North America,

will continue to see steady
rowth.

Global grid-connected wind power outlook, 2016-2026e

(Gw)
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| FEN ETE FTS Eid P38 EXEESs -HIr (B FEMN

Source: from MAKE

/A TUVRheinland®
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Global offshore wind power market keeps stable growth,
mainly in Northern Europe and China

. Global offshore grid-connected wind power outlook,
- In 2016, newly installed and 2 P
(Gw) 2016-2026e

synchronized capacity of offshore L
wind power occurred mainly in 1]
Northern Europe and China. 107

* From 2017 to 2026, the increase
will mainly come from UK,
Germany, Netherland and
France in Europe and China in
ASia'PaCific- ‘16 ‘17e  "18e "19e '20e '21g _ ‘23e 24e '25e '26e‘

B B B B x5 Bl 7k (% ESD
Source: from MAKE

O = N W A 0O N ©® ©
I S S R RN SO SO R

/A TUVRheinland®
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China wind power market would develop under both drivers

and barriers

GW)
i China wind power outlook with key underlying drivers and barriers, 2017e-2026e
0
25 -] [nshore installed (new build)
20 - Onshore grid-connected (new build)
15 - [ffshore installed (new build)
10 = [ffshore grid-connected (new build)
3 - = [nshore repowering
| e ® [rid gap
2017 2018e 2019 2020e 2021 2022 2023 2024e 2025e  2026e Source: from MAKE
Dri Poli rt 4 :
° | .
river olicy suppo . Curtailment Barrier
» Grid infrastructure
Offshore wind  Profitability

Power reform

L‘I

_/

J

/A TOVRheinland®
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China offshore wind power market would develop stably in
the coming decade

+ |tis estimated that the activity of offshore wind power market would increase
significantly from 2017 to 2026.

* In 2018, offshore wind power market is expected to enter into GW-level growth
stage in China.

{GW)

o - 13 W = o o
i )

1082

0.95

-

'20i7o
i -

China offshore wind power outlook, 2017e-2026e

1.10 1.05 125 1:20

20185 | 2019

installed (new Il -
build)

20200 2021e 2022¢ 2023  2024s  2025¢  2028s

Grid-connected (new build) Source: from MAKE

/A TOVRheinland®
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However, there are still some pain points frustrate the
development of wind power

Weakness on

system safety

management and
risks control

Different Difficulties on

tandard t . understanding level maritime operation,
slancarcs system IS on standards from maintenance and

not well defined different departments transportation

The technical

/A TOVRheinland®

Precisely Right.



TUV Rheinland provide integrated solutions for wind
power project

HSE (Healthy, Safety and Environment)
management

Operation and maintenance ability

assessment

Two certificates from one-stop certification

A TUVRheinland®
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HSE management of offshore wind power project

Purpose

* Reduce the occurrence
of operational accidents

* Ensure the health and
safety of staff

 Strictly control the
pollution caused by the
environment

Procedure

Policy and Goal

Planning

Structure, resources and files KZ
Evaluation and

. risk
Rectify and management

improve

Implement and

examine

& Review and /@

appraise

/A TOVRheinland®
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Risk assessment and management

Purpose

» Reduce the probabilities of risk occurrences as well as their impact

* Ensure benefits in the tolerable risk

Risktec Solution, the
subsidiary of TUV Rheinland,
specializing in risk
management and safety
training.

Experiences in offshore wind power projects of SIMENS, GOLDWIND, GUODIAN, etc.

/A TUVRheinland®
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Operation and maintenance ability assessment and
certification

Purpose Procedure

+ To maximize output and Assessment of quality system and
profits documentation maintenance

* To minimize expected run
down time Project on-site inspection

* To ensure a normal and
effective operating
environment

Wind farm on-site inspection

A TUVRheinland®
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TUV Rheinland assessed and certified three wind farms
owned by Goldwind International (Hongkong) Company

: Mireasal Wind Farm in
Shady Oaks Wind Farm in US§ y

Romania,
GW 2500, GW1500 20*GW 2500/119
Sep. 2015 Dec. 2016

Nov. 2015

Theppana Wind Farm in
Thailand

3*GW 2500/109

/A TUVRheinland®
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Type approval for wind turbines

Purpose

« Ensure the design and manufacture in accordance with design
requirements, specific standards or other technical requirements

« Guarantee the quality of the wind power equipment
» Providing technical support for wind turbines moving towards the market

Certification for Whole Certification for the

Wind Turbine Component

/A TOVRheinland®
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Innovative model: two certificates from one-stop certification

L/;- 1UVH!~..|r'ﬂnml @ & W AR éGOLDWIND

AEETOV
Innovative w/
TOV Rhelntal

IEBIRNE

Cegdicate Issue Ceremony

/A TUVRheinland®
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Rules and Standards for ¥
offshore wind energy By

Alex ZHU (% )

TUV Rheinland A TUVRheinland®
Industrial Services Greater China Precisely Right.
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EMECY—

THE EUROPEAN MARINE ENER:

- DNV-GL R EERRIT
+ |EC EiFfEIEZERS

- European Marine Energy Centre (EMEC) RUGMYEFEEE ()

« EN (Euro Norm standard) FGHImEZRRES

« |EEE (Institute of Electrical and Electronic Engineers) BBSFIEEF L2 Ifths
+  1SO EHFFEHALR

« Renewable UK. HERJB4ERLHR foe
+  NORSOK #BRtAa il T A5 AER

+ Federal Maritime and Hydrographic Agency (BSH) {EEEXFSEE /KRS
* American Society of Mechanical Engineers (ASME)

 British Wind Energy Association, BWEA [EX|gEthe

rican Mind Lecrgy Hsocition

O IEEE WNEWEA DNV-GL
o s Z = renewableUK
R i //g
- standardf;

A TUVRheinland”®
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Project Certification of Offshore Wind Farms

DNV-0SS-901 i S
8 LI EBFIm R IAIE
EMEC Guideline for marine energy certification schemes
EERERIAIET XTSRS
DNV-RP-J101 Use of Remote Sensing for Wind Energy Assessments - Incorporates Amendment: November 2011
BT NEETENE : 20115118
DNV-RP-J101 Use of Remote Sensing for Wind Energy Assessments - Incorporates Amendment: November 2011
FFBITEXBEITEUE : 2011118
DNV 0S-C502 Offshore Concrete Structures
DNV 0S-D201 Electrical Installations
DNV Marine ship design aspects
DNV Guidelines for offshore project planning
EMEC Guideline for marine energy certification schemes
EMEC Guidelines for Grid Connection of Marine Energy Conversion Systems.
EMEC Guideline for marine energy certification schemes
EMEC Guidelines for Project Development in the Marine Energy Industry
GL IV-6-3:2007 Rules for classification and construction - IV: Industrial services - Part 6: Offshore technology - Chapter 3: Fixed offshore
installations
GL 1V-6-4:2007 Rules for classification and construction - IV: Industrial services - Part 6: Offshore technology - Chapter 4: Structural
Design
GL IV-6-7:2005 Rules and guidelines - IV: Industrial services - Part 6: Offshore installations - Chapter 7: Guidelines for the construction of fixed

offshore installations in ice infested waters

Technical Note Certification of Training Programs and Training Systems in the Renewable Energy Industry,
GL-TN Edition 2013
IR LA B E N5 IR GeHAR T BBIAIE |, 2013k
ﬁ TUVRheinland”
—N
Precisely Right.
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TREERIAE

GL-IV-1

DNV-0S-J101
DNV-0S-J201
IEC 61400-22

GL IV-2-1/13

BSH

ASME PTC 18:2011
ASME PTC 29:2005

EN 50308 (FprEN 50308:2013)
EN 50308:2005

IEC 61400-11:2012
IEC 61400-3

IEC 61400-12-1:2005

IEC 61400-12-2:2013
IEC 61400-22:2010

GL-TN

- EXWAER

Guideline for the Certification of Wind Turbines, Edition 2010
XEEHNLETIAIESERS , 2010kR
Design of Offshore Wind Turbine Structures
Offshore Substations for Wind Farms and DNV-RP-H103, Ship Transit Accelerations
Wind turbines — Part 22: Conformity testing and certification
Wind / Guideline for the Certification of Offshore Wind Turbines
X8 ERHUNIEHES
Standard Design of Offshore Wind Turbines
B LR IHmE
Hydraulic Turbines and Pump-Turbines
Speed Governing Systems for Hydraulic Turbine Generator Units
Wind turbines - Protective measures - Requirements for design, operation and maintenance
Wind turbines - Protective measures - Requirements for design, operation and maintenance
Wind turbines - Part 11: Acoustic noise measurement techniques

RDRFEHENERSD © IRENERA

Wind turbines - Part 3: Design requirements for offshore wind turbines

Wind turbines - Part 12-1: Power performance measurements of electricity producing wind turbines

RAREBHAESE12-1889 : KD REEAIEMREN 2

Wind turbines - Part 12-2: Power performance of electricity producing wind turbines based on nacelle
anemometry

J‘ijn%ibmﬁﬁﬁm 2 . AP RITRECHIIAB USRI Z MRS

Wind turbines - Part 22: Conformity testing and certification

RDRFENE228R5 « —EUHEIRHATALE

Technical Note Certification of Training Programs and Training Systems in the Renewable Energy Industry,
Edition 2013

BT EAERER =L A9EE) T B AN | R R AR BEIAIE , 2013k

/2. TUVRheinland”
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GL-Iv-4

ISO 76

IEC/TS 61400-26-1

GL-TN 065
IEC/TS 61400-13:2001

IEC/TS 61400-23:2001
NORSOC NEK606

IEC 61400-4
IEC61000-5-2
IEC61000-6-2
IEC61000-6-4

GL-TN

TEBHER

Guideline for the Certification of Condition Monitoring Systems for Wind Turbines, Edition 2013
XHVAS N EAFANAIESSRS | 2013k

Rolling bearings -- Static load ratings

R AIRE R e

Wind turbines - Part 26-1: Time-based availability for wind turbine generating systems

RAREEHASE26-18353 : BT RIARNIABRSHIT BT

Technical Note 065 (TN 065) Grid Code Compliance Certification procedure, Revision 7, Edition 2010

Wind turbine generator systems - Part 13: Measurement of mechanical loads

Wind turbine generator systems - Part 23: Full-scale structural testing of rotor blades
Cables

Wind turbines - Part 4: Design requirements for wind turbine gearboxes

EMC - Cable routings

Electromagnetic Compatibility

Electronics in blades

Technical Note Certification of Training Programs and Training Systems in the Renewable Energy Industry,
Edition 2013

AIBARRR LAY T BEFR R GERARRIALE , 2013k

A TUVRheinland”®
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TREERIRLSE

GL-TN
OHSAS 18001
Renewable UK

Renewable UK
GL-TN

IEC 60439
ISO 19902:2007

ISO 19903

Lloyds Register

GL-TN

B ULLERS

Technical Note Certification of Training Programs and Training Systems in the Renewable Energy Industry,
Edition 2013

AT AERETR LAY TR B A | R G ANRBRIAIE , 2013kR
Health & Safety Standard

H&S Guidelines: Onshore & Offshore H&S

H&S Guidelines: Vessel Safety
Technical Note Certification of Fire Protection Systems for Wind Turbines, Certification Procedures, Revision 2, Edition 2009

Low voltage switchgear and control gear assemblies

Petroleum and natural gas industries. Fixed steel offshore structures
Petroleum and Natural Gas Industries - Fixed concrete offshore structures.

Offshore lifting and transportation

Technical Note Certification of Training Programs and Training Systems in the Renewable Energy Industry,
Edition 2013

FIABAREIR AT | T B ARG RARBAIAILE | 20135

A TUVRheinland”®
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Type Certification according to IEC standard

Design
Evaluation

Type
Testing

Manufacturing
Evaluation

Type
Certificate

Foundation
Design Evaluation
(optional)

Type
Characteristic
Measurements
(optional)

/A TOVRheinland®
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Project Certification according to IEC 61400-22

with optional modules

Site
Conditions
Evaluation

Design Basis
Evaluation

Integrated
load analysis

Type

Certificate

Wind turbine
components
Manufacturing
Surveillance

Wind turbine
design
evaluation

Support Support

structure structure

design manufacturing
evaluation Surveillance

Other Other
installations installation
design Manufacturing
evaluation Surveillance

11

SOC services for O&M team

Transportation
and Commissioning
installation surveillance
surveillance

Final Evaluation

Operation and
maintenance
surveillance '

1

TUVRheinland®

Precisely Right.



Type and Project Certification acc. to GL standard

Design Quality Prototype

Assessment Management Testing

Type-
Certificate

Surveillance of

Manufacturing Transport-,

Surveillance Install. &
Commissioning

Site Specific
Design
Assessment

Site-
Assessment

SOC services for O&M team

Project — Periodic /

Certificate Monitoring

A TUVRheinland®
12 Precisely Right.
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Standard of SoC for M&O services — TUV Rheinland

ermber T Rnsnang Graip n Greser Cho

ASSESSMENT OF MAINTENANCE SERVICE FOR

WIND ENERGY SYSTEMS

AS PER IN-HOUSE STANDARD
TRC-WE-WP-001

TOV Anelnang Searges) £, L
Sery

TOV Rheinland {Shanghai) Co., Lid. A TOvARheinland®
Procinnly Fight.

04.09.2017 Corporate Presentation 2017 (Beta)

SHESoCIAIERAE

= TAVEITEAL R AR
Assessment of Maintenance Service for Wind Energy
Systems: TRC-WE-WP-001

SHE

«  "Principles for condition-based maintenance of wind
turbines” Adopted by the German Wind Energy
Association (BWE)

« DNV-GL Guideline

« IEC 61400 standards
+ ISO 9001:2008

+ ISO 14001:2015

« BS OHSAS 18001

/A TOVRheinland®
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Process of SoC Services - Assessment Model
STEP 1:

Assessment of
Documentation

Assessment Quality
Management System

(in TUV Rheinland office)

Statement of Compliance
Documentation (SoC)

STEP 2:
On-site Audit Report :
(Verification in the NN Verification of Service
office Performance (office)
STEP 3:

On-site Audit Report
(Verification in the e Verification of Service

Performance (field)

SoC assessment from Service Provider

D [y p————

A TUVRheinland®
Precisely Right.
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STATEMENT OF COMPLIANCE (SOC) "

OF MAINTENANCE SERVICE FOR WIND ENERGY SYSTEMS

E S |

. STATEMENT OF COMPLIANCE

f?':;:lfu:y SOC of MAINTI

pamresidhi STATEMENT OF COMPLIANCE

AxELY

k.

SOC OF MAINTENANCE SERVICE FOR WIND ENERGY SYSTEMS

i e e BRAX AR A TR 8]
2 A9 A

% ALAB01-805

Run Yang Energy Technology Co., Ltd

ARO1-208, Fuzmus Tower. Xuarau Siree,

TOVAsiniand

A
T /2 TOVRheinland
Prwcinaty Right
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BSH Approval — Standards

THE BSH APPROVAL PROCESS FOR OFFSHORE WINDFARMS IS
GENERALLY BASED ON THE FOLLOWING TWO STANDARDS:

Standard Standard

Cruund Inssstigations fur
Otiahers Winst Farme Nusign ol Offannre Wind Turnines

el [N

P ATk

:’3--5‘-: - A

A TUVRheinland®

isel )
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BSH Approval — Procedure and Releases

Certifier /
Technical Expert Geotechnology Registered Inspector

Development Dgsign Basis & Preﬁinar); Draft

Implementation Plan 3. Release

1. Release

Implementation BAM BAW

Production
"~ (Project-) Certificat Operat. Release :
p e

Periodical Inspections Maintain or cancel

Operat. Release = Bridge Alert Management (BAM)

A TUVRheinland®
Precisely Right.

Transport
Installation
Commissioning

17




BSH Approval — Phases and Components

Development

Support Structure

Cabling

Transformer Substation

Power Export System

Implementation Operation Decommissioning

* Nacelle
* Rotor blades

» Tower

* Substructure

* Piles

* Individual installations within windfarm
« Linkage at transformer substation

* Including platform

» From transformer substation to grid connection on land

A TUVRheinland®
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“Idon’ tsee any risk in my job!
T A LA HAE TN !

/7

SAFETY

A TUVRheinland®
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FBIEFEE (Murphy’ s Law)

EE FREIEHRHEZNEIEER ¢ "Anything
that can go wrong will go wrong. : “NEREGOJEE
i, AP —EE g,

FIEEFE NIRARERRAY : If there are two or
more ways to do something, and one of those ways can
result in a catastrophe, then someone will do it. ( {15RF
e ATELA ERYS N EMEMSE | MEP—TEEE
BIOSEEEKE | AINTEEASIFHEEERE, )

MURPHYS
AW

EIEER
* b

Swel)

£
It
E
i

A TUVRheinland®
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HBIEEFE (Murphy’ s Law)

100 -1=0 % F

> EREEEY, FYEOREBNEEE KBRS HKEETS
HAFARIHEL. ERBEFIFEARSKETRR . MR
FAR 2 MK B S AR TR
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T H RS ;- Uncertainty AN e 14

Unknown-—
Unknowns

RE-RHA

¢

Known—Unknowns BE.501-5& 41

¢

Known—-Knowns ©.41-C.41
KNOWN RISKS: RISKS THAT WERE IDENTIFIED BY THE PROJECT TEAM
CLRIRSE: 2l 1T B TRA R il i RS
UNKNOWN RISKS: RISKS THAT WERE NOT IDENTIFIED
AHI RS : VA A TR ) R XS

A TUVRheinland®
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Getting A Handle On Risk
SEEA

FEATURES %HiE

Event i

Threat (negative effect) @il (21D
Opportunity (positive effect) #l2 (IEF20)
Probability ###%

Impact 50

é TUVRheinland®
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Risk Management Model

RS ALY

Risk Monitoring
and Control*
At 4%

-
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

Document

ERIEH

A

Evaluate

PRAG

RN A

Execute

#AT

*PMI® Project Risk Management Processes

Risk Management
Planning
R B LR

Communicate

Identify
vl

T S

Analyze
basiy

A

Prioritize

SFHER

Risk Management Planning

Sl R B

Risk Identification*
PRSI 531

==
'

Qualitative Risk Analysis and
. Quantitative Risk Analysis
bR S PR E S T

Risk Response Planning
PR R Xof R K1)

A TUVRheinland®

Precisely Right.



Category Examples got Risk
TR

EXTERNAL RISKS #53 J4U

Unpredictable “A~a] i1

= Regulatory #Nfr

= Natural Hazards {4k E

= Environmental ¥ 35 ()

Predictable (but uncertain) F il ((HAHE)
= Market changes 1737251k

= Currency changes $tMi7stk

= Inflation i@ &Kk

= Taxation Bl

©ESI

INTERNAL RISKS P 3B JA 56
Schedule %

= Realism F 52/

= Availability 452k

= Requirements R
Technical HFAR[¥

= Technological maturity £ A& g
= Complexity & 414

= Customization H & ¥
Legal kLA

= Licensing ¥ il iE & i

= Contract ambiguity & FIAE
= Lawsuits JFis

Financial Il4 %511

= Competition 7= 4*

= Strategy K%

= Contract type & [FIZ&%

A TUVRheinland®
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WO REEEXNNZZ MR SHK (GntHEEEIL)

BERFEFEESRERONERE - BB
GIEX - ANAE !

® Ensuring &‘ns

7. RUWEEEBRRLA
8. ZENILHSH

5. REBRA LG
6. ARMITHERRE

3. IZRIEEBNZZIRG(RSHEL)
4, REMIR(ELF

1. RUENSZERE

2. ARRBEFH m
WMERSEH

TUVHhmnhnd“
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Bt , SHEEBATMAY...

> QFfF > (HFIY

“‘E’

B —F N — R Z A BRI RECIR. ..
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Heinrich%tit 1
T55 & RE Fr, BHE
FH1--- YR
294 Hihe 75
ZE 300:29:1

3004
REEGE

H30RFEREHH

I EEE_—_—_—_—BDBR—.,
AREITH  1000--000 ARERES
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MBS TIERT=E

i

D 4
iCRAET ICRERT ERER - AR IEREW
RERVfEE KRR EIMER MR &= B M7 - AR
Rk RIDR BYXIFS 5 4R BYXUFS 35 4R AGREAR

4 4 |
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Content
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ML H 1922 v o - A 2

{ Products

Concept/

Desi
Development Sl

Nots:

SAFETY
| FIRST!

Concept/
Development

Design

Production/
Manufacture

ajpAo-ay inoybnoay) S)oNpold
ajeg Bujeysuowa g Bulnsugy

Works Testing

Site
Construction &
Commissioning

[EE—— A e———

Operation & Decommissioning
Maintenance /Re-Powering

Ensuring & Demonstrating Safe
Logistics throughout Life-
Cycle of Project and Products

Recycling/
Disposal

A TUVRheinland®
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L3 ER B

BT-1 SAAEW AL D HTEIR

7/

-4

BowTieXP
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DEDHERRHG

BT-5 aliA%fex ( KKfe&E ) NENITER

i

™

BowTieXP

Error by person
transferring e.g.

oor transfer |
timing, slip, trip

R ™

Design of vessel

ration is subject
o weather/motion
restrictions. Hold
vessel steady and
monitor movements
relative to turbine
before first transfer.

39 <date>

<title>

Weather forecast
monitoring before
and during
operations

L1

|
L

ACTION: Pre-
transfer safety
briefing for persons
transferring -
includes instructions

ACTION: Transfer
operations carried
out in accordance
with procedure and
risk assessment by

ACTION: Person
transferring wears
PPE and safety
harness/ fall arrest

HAZID-41

to remain

wuntil told otherwise, [

hold handrails, no
carrying of goods
except in closed
harness tool bag

HAZID-44

HAZID-40 ]

A TUVRheinland®
Precisely Right.



Wind Farm Operator’ s Risks

. FINDING THE RIGHT SITE

. DELAY IN DESIGN AND DESIGN ASSESSMENT / PROJECT CERTIFICATION

. DELAY IN APPROVAL/PERMITTING

. DELAY IN PRODUCTION

. VESSEL AVAILABILITY => COST + TIME

. WEATHER CONDITIONS

. LOSS/DAMAGE OF COMPONENTS DURING TRANSPORT AND ERECTION

. COMPLICATIONS DURING CONSTRUCTION (E.G. DRIVABILITY, TOLERANCES)

. UNDERPERFORMANCE (WIND RESOURCE + ASSET)

. NON AVAILABILITY/FAILURE (AND NON ACCESSIBILITY) OF TURBINE
. SHIP COLLISION

. GRID AVAILABILITY

. (FEED IN TARIFF)

. FINANCING/RE-FINANCING

. UNRECOGNIZED DECOMMISSIONING COST

A TUVRheinland®
40 Precisely Right,
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E13R / Policy
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it+%I7 2 / Program

=R/

E1E7% / Management
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24 / Procedure
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</ Form
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B/ Procedure

—
[O&M HSE 0201

[O&M-FH5E-0202

[OBM HSE-0205 [HsaE Eazn

[OBM-HSE-0701 [AFER

[OBM-HSE0702 (BB Tre

[O8M-HSE-0703 R
[CRM-HSE-0901 e e

EEE R
[EEaERTa

X

Microsoft Excel
Worksheet

/A TOVRheinland®
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Risktec A TUVRheinland®
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E9rSiemens/VestasIii g

Risktec A TUVRheinland®
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EANAGRKE

Risktec A TUVRheinland®
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Siemens/VestasITH A RA%Ein

—<
Walney
Access to the Transition Piece
Step 1 - Boat Hand to collect yoyo Step 2 - Approach the transfer zone

-Vessel is positioned firmly at Transition Piece -Boat hand will be constantly monitoring the

-Boat hand pulls down on the tether line sea state

-Boat hand collects the yoyo attachment point When ready the boat hand calls forward the
transferee
-The transferee collects the yoyo attachment
point

NOTE: All persons have the right to call a
"STOP" if they are not satisfied that the
transfer is safe to proceed

Risktec /A TUVRheinland®

Precisely Right.
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Crew transfer offshore; Siemens & Vestas
i1 F/4E8R I8 Er ARFRT

<

MNoSREY
Descending the Transition Piece
Step 1 - Access 29 stage ladder Step 2 - Descend 2"9 stage ladder
-Before opening the gate use a lanyard to -Using either the Cabloc slider or
attach to the connection point as shown mountaineering technique descend the 2nd
-Once connected open gate and move into stage ladder
ladder access area -Once at the platform use lanyards to remain
-Connect Cabloc slider to the 8mm wire secured to the 29 stage ladder and disconnect
*Disconnect lanyard Cabloc slider
-Reach out and collect the yoyo from the 1st
stage ladder
-Connect to 1st stage ladder yoyo, it is now
safe to disconnect from 2"9 stage ladder

Risktec /A TOVRheinland®

Precisely Right.
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Siemens & Vestast| ] F/4E B & i BV 5 fn B T2 28

T mlu’n::;v-:;‘g-:
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=1 Risktec /A TUVRheinland®
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“

foaaing of the platfarm
300 kgim' and less than
1000 &g total load™

TMaximait tilaten Lest 38
plattformen hr 300 sgrv |
aoch en total laxt pé
wrder 1089 kg™

“Masimum permissitie 4

Risktec /A TOVRheinland®
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V/Z4

“ One More intervention, One less injury
Z— KT L—K !
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Agenda

1)
2)
3)
4)
5)

2

Introduction to Risk Management
Lifecycle Risk Management

Risk Analysis for Offshore Projects
Risk Management Methods and Tools
Example Case Studies

Introduction to Risktec

TUVRheinland®
Risktec




Our name...

We specialise in risk, We have a strong problem
to people, assets & solving culture & a practical,
business common sense approach

Risktec Solutions

Our technical base is
engineering, science &
management systems

TUVRheinland®




Risktec Solutions

Part of the TUV Rheinland Group
We focus on:

Safety & risk assessment (what are the risks?)

Management systems (how are they managed?)

Culture & behaviour (what really happens!)

Training & education (knowledge transfer)

Resource solutions (specialist associates)

260+ employees across 15 offices worldwide

100 associates embedded in client organisations
= _..working in 7 diverse market sectors

...delivered over 4,800 projects to over 1,000 clients in over 70 countries

...providing practical solutions (no two assignments are the same!)

Primarily operating in Major Hazard Industries - Oil & Gas, Nuclear, etc.

Significant involvement in Wind Industry - onshore and offshore

4 Introduction to Risktec

Independent and specialist risk management consulting and training provider

TUVRheinland®
Risktec




Risk reduction enablers

Engineering risk
reduction

Risk

Management system

improvements

Improved leadership,
culture and
behaviours

5 Introduction to Risktec

Time

TUVRheinland®
Risktec




Our Offshore Wind Experience

O
& GOLDWIND
innogy

N
Vsl SIEMENS

6 Introduction to Risktec

P sse
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Introduction to Risk Management

TUVRheinland®




‘Risk universe’ — an example model

EXTERNALLY DRIVEN

FINANCIAL RISKS INFRASTRUCTURE RISKS There is no standard
Accounting standards Communications
Interest rates Transport links model, even by
Foreign exchange Supply chain .
Funds and credit Terrorism ind UStry sector
Natural disasters
Internal control Pandemic
- Fraud Recruitment
Historical liabilities People skills
Investments Health and safety
Capex decisions Premises
Liquidity and cash flow IT systems
INTERNALLY DRIVEN
M&A activity Brand extensions
R&D activities Board composition
Intellectual property Control environment
Contracts
Economic environment Product recall
Technology developments CSR
Competition Public perception
Customer demand Regulator enforcement
Regulatory requirements Competitor behaviour
MARKETPLACE RISKS REPUTATIONAL RISKS
Ref. A structured approach to
Enterprise Risk Management (ERM)
and the requirements of ISO 31000,
EXTERNALLY DRIVEN AIRMIC, ALARM, IRM, 2010

TUVRheinland®
Risktec

Mar 2017 ERM for Executives and Senior Managers




Some Safety Risks Associated with Offshore Wind

Lack of
O,/Toxic
Substances

Medical
Hazards

Worl&g at
Height

Helicopters

Lifting Rescue
Activities

Méﬂne

. Vessels
Occupationa

Rﬁks Mar 20

Emergency Rlcue peoplditrapped by structure /

Response
Activities

Emergency
Preparation

& Response
I I N S -

m sea

Failure

[ Structural
Integrity

TUVRheinland ®
Risktec




The risks we face......

Design Error and Natural Hazards

Logistics

Mar 2017 ERM for Executive|_..}|




The risks we face.....

Operational

Reputational

TUVRheinland®
Risktec




Drivers for Risk Management — Societal Expectations

. Low
High

J Show Me
>
% Tell Me
© 17
3 o
c -
© Trust Me
=

Low High

Time
As trust diminishes society demands greater
transparency in the form of formal demonstration that

risks are being properly managed

12 Introduction to Risktec
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Risk stakeholders

All can be affected by, and can influence, the risks

Public

Workforce

Suppliers

Shareholders

Internal customers

External customers

Regulators

= Drivers may also include legislation e.g.
- Management of Health and Safety at Work Act

- Construction Design and Management Regulations

- Machinery Directive

13 Introduction to Risktec

TUVRheinland®
Risktec




The cost of accidents

Ref: The Cost of Accidents at Work, UK HSE HSG96

14 Introduction to Risktec

INSURED COSTS

 Injury, ill health, property damage and
business interruption

«  Employers, 3 party and corporate liability

UNINSURED COSTS

« Product and material damage

- Plant and building damage

« Tool and equipment damage

« Legal costs

- Expenditure on emergency supplies
« Clearing site

« Production delays

« Overtime working and temporary labour
« Investigation time

- Supervisors’ time diverted

« Clerical effort

+ Fines

- Loss of expertise / experience

Some can be insured against
but at significgnt extra cost




Project Costs

» Average cost overrun on new rig construction program is 35%, and
average delay 7 months

= Most common causes of cost overruns:

- Orders placed before engineering is completed
New technology implemented without proper qualification
Insufficient engineering with regard to operational robustness and maintainability
Problems with component deliveries and documentation when transferring fabrication
Fabrication yards having to build competence and resources during project
Interfaces not identified or understood

= Fluor takes $163 million charge on 3Q 2010 results on Greater
Gabbard Offshore Wind project ($1.8 billion fixed-price contract to
build 500MW project)
- “Variety of execution challenges™

- Materia)l and equipment deliveries (mostly installing turbine generators and subsea
cabling

- “Substantial costs”:
- Additional marine vessels and subcontractor costs for equipment installation and

repairs
- Schedule impact exacerbated by weather-related delays Ref. www.fluor.com, 18" October 2010
TUVRheinland®
15 Introduction to Risktec ————————
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Risk management process

Mar 2017

A

Establishing the Context

Risk Assessment

A 4

Risk Identification

A 4

Communication !

CUCH > Risk Analysis
Consultation

v

A 4

Risk Evaluation

A 4

Risk Treatment

Monitoring
and

Review

Ref. 1ISO 31000:2009 Risk management — Principles and guidelines

ERM for Executives and Senior Managers

TUVRheinland ®
Risktec




Definition of risk

Risk = effect of uncertainty on objectives Ref: 1SO 31000:2009

In simpler terms: anything that has the potential to keep you from achieving your
business objectives

= Can be positive and/or negative
= Objectives can have different aspects and can apply at different levels
» Risk is often characterized by reference to potential events and consequences

Level (magnitude) of risk = combination of the consequences of an event and the
associated likelihood of occurrence:

Risk level = likelihood x consequence

TUVRheinland®
Risktec
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Choice of approach for analysing risk

= Consider:
- nature and scale of facility Quantitative
- stage in lifecycle
- experience of similar facilities
= Amount of effort based on: > 1i-Quantitative
- anticipated level of risk
- novelty of undertaking
- any limitations in knowledge

Qualitative

Complexity —_—

High complexity
Difficult solution
One-off situation

No relevant standards/
guidance

Low complexity
Solution is obvious
Situation covered by
standards/ guidance

After: Guidance on Risk Assessment for Offshore
Industries HSE 3/2006

TUVRheinland ®




Risk treatment

IDENTIFY

Risk
assessment ANALYSE

EVALUATE

Reduce Transfer
The activity is just The risk can be Transfer legal Accept (retain) the
too “risky” reduced cost- responsibility or financial residual risk, it is
Risk + Stop an existing effectively impact tolerable
treatment activity * Implement * By contract « But ensure continuous
« Avoid a new activity preventive controls - By insurance Icrgﬁ[?oﬂement of risk

e |Implement

mitigation/ recovery * But many risks are

uninsurable, and most of

controls cost of loss is still borne
by operator
— » Does not protect market
share or reputation
Also called 4Ts: Terminate,
19 Mar 2017 ERM for Executives and Senior Managers

Treat, Transfer, Tolerate




Impact

Risk appetite/criteria

4 Consequence Increasing likelihood
5 A B c D
= g 5o Occurred Occurred
e everity viron- H d 1t |
Euceeding iy | Feome | amm | | emnion s s "0 e e cner) semi-
Risk Appetite ™ | company | operating | yearin -
company | location q ua ntltatlve
o Zero injury Zero damage Zero effect Zero impact
g Manage for
g 1 Slight injury | Slight damage | Slight effect | Slight impact
2 Minor injury | Minor damage | Minor effect | Limited impact
3 Major injury | Local damage | Local effect C“:‘:s:sme
Major national
4 Single fatality | M: de M: ffect
% ingle fatality | Major damage | Maijor ef mpact Failedto meet
= " criteria
ajor
v 5 e i::":gj‘: Massive effect | intemational
Low Medium High ezt
< -
4 — b Ref. Derived from ISO 17776
Ref. COSO, 2004
8
May be qualitative =
=
@
~
E.
20 Median = 15%
=
=
7
ol
5% 0% % 10% 15%  20% 25%  30% 35%
Estimated Return
May be quantitative e G080, 208
) : TUVRheinland®
20 Mar 2017 ERM for Executives and Senior Managers —_—
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Reducing risk

Avoid Accepted risks are
subject to monitoring

Total

risk Reduce

Transfer

TUVRheinland ®




Managing risk by barriers (controls):
technology, people, processes

TECHNOLOGY
PEOPLE X

PROCESSES

source

Holes due to active
or latent failures

‘Swiss Cheese’ Model
Prof. James Reason

TUVRheinland ®
Risktec




Establishing the Context |

Successful risk management

The better the process, Do we understand
what risks we are

taking and what

the better the outcomes

Do we have
information to Do we know what

assure us that the Sl’agéetgl?ng[%me
systems are P 9

is?
| working effectively? | this”

S~

23 Mar 2017 ERM for Executives and Senior Managers

could go wrong?

TUVRheinland ®
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Lifecycle Risk Management
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Planning for risk management

» Study objectives, information available and outputs required from risk
assessment studies change during different stages of a project’s
lifecycle and this impacts selecting the right technique

= Scope for risk reduction reduces from one stage to next stage
» Planning ahead for what studies to do when is therefore key

Opportg nity Feasibility ~ Concept Bid prep
screening award

Increasing information and certainty

_ Increasing ability to change

TUVRheinland®
Risktec
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Opportunities for risk reduction during the lifecycle

PN Screen or Acquire Operate and Abandon
Asset Maintain

Location

Potential

Layouts Safety

Devices

Process
Management

Systems

Time

7

TUVRheinland®




Drivers at different stages

Screening/ Operate and Life extension,
acquiring asset maintain decommission

{

Are our operating and
maintenance hazards still being

What hazards are present?

What hazards can be optioned out?

o controlled?
How can the remaining hazards be Are there any new or changing
managed? hazards?
What hazards can be designed out? What liabilities remain?
How can the remaining hazards be What is the obligation to return
managed? to original condition?
What construction workplace hazards What workplace hazards need
are there? to be controlled?

TUVRheinland®
Risktec
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Role of Gate Reviews

To give assurance that all risks
Technical
Economic

- Commercial

Organisational
Political

are being managed before committing to next investment

Feasibility Concept Evaluaticb Initial Design> Final Design m
2 8

1

4

Allows proactive improvement of safety and financial performance by e.g.
engineering design choices

procurement process

supplier selection

organisation

TUVRheinland®
Risktec
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Example Process

Staged reviews during offshore wind farm development

< T \z/oo \»mo &

Frasibiliny !uﬁuul Pre FID Awied

S5 oty Marmgemant Salety Management Safety Management

Bid Prop. Phote

Sof oty Management
Award Phaw

Satuty Managurmmn

Fraibility Phase

Muturatan Phaw

Crode which adStone mk aitesamants mght Oe LTIF projeciion on
reciitod v.3. bowtios. QA ipecitic duts

Decsion Suppart~EsCom  fnitial Safety Case Saféty Cate Presentation

« Board p

Risks managed during design and then carried forward to operations

TUVRheinland®
- Risktec




Risk Analysis for Offshore Projects

TUVRheinland®




Context

KEY:/‘ Helicopter Transfer
Boat Transfer

/ Export Cable

/ Passing Marine Vessels

Wind Farm Boundary e Ty Gt

Met Mast




Infrastructure/Assets

Turbines
Foundations: Monopiles, Gravity Bases, Suction Buckets, Tripods, Jackets, Tension Leg, Floating?
Towers: Concrete, Steel, ‘Clam-Shell’? .

Offshore Cabling

Nacelle: Options to be agreed Met Mast Array Cables

Blades: Options to be agreed Options to be agreed Cabling to Substation
Transmission Cable to Shore

Support Platform
Top-Side: Substation, AC/DC Convertor, Accommodation, Heli-Pad, Place of Refuge, Lifeboat?
Structure: Options to be agreed

Onshore Marine Vessels Helicopters

AC/DC Convertor Resident/Visiting Vessels: Personnel Transfers
Substation Daughter Craft Heli-Hoisting

Cabling Crew Transfer Vessels Under Slung Load [USL]
Port Operations & Logistics Service Operation Vessel [SOV] Search & Rescue
Helicopter Base & Logistics Mothership

Wind Farm Safety Vessel

Jack-Up/Crane

Remote Operated Vessel [ROV]
Passing Vessels

TUVRheinland®
Risktec
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What and for Who?

Different approaches for different questions

= Scope of assessment
- Component 2 Specific activity @ Entire operation

» Target audience e.qg.
Designers

Regulators
Customers

Suppliers

Personnel

= Question type e.g.
- Design decision

- Optioneering
- Operating procedures
- Emergency response

33 Introduction to Risktec
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Offshore Wind Risk Management

Three interacting elements

Wind Turbine

Turbine Foundation
Offshore Substation
Onshore Substation

Construction

Port Operations
Marine Operations
Aviation

Complete Life-Cycle of a
specific Wind Farm or
individual element or stage

34 Introduction to Risktec
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A Life-Cycle Approach

f Concept/
Development

Production/
Manufacture

ajeg Bunesnsuowsq % Bulinsug

U
-
o
Q.
c
0
~*
(")
=
=
o
c
«Q
>
o
=
[
¢
O
<
Q
(]

Ensuring & Demonstrating Safe BRI UEBe

Project throughout Life-Cycle

Site
Concept/ . Operation & Decommissioning
Construction & . .
Development o Maintenance /Re-Powering
Commissioning

Ensuring & Demonstrating Safe

Logistics throughout Life-
Cycle of Project and Products

Recycling/
Disposal

TUVRheinland®
Risktec
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Where does it fit in?

Do you know what
could go wrong?

Can you assure Have you got

yourself that they systems in place
are working to prevent this
effectively? from happening?

TUVRheinland®
Risktec

36 Introduction to Risktec




Offshore Wind Safety Assurance Process

A Single Proportional and Optimised Solution

« Focus on significant risks * Meeting the specific needs of
s . offshore renewables industry
* Providing the correct level of detail Safety « Takes account of tools and
ek © "5 Management techniques from other sectors

Safety Assurance

Safety Assurance
Process

* Application of good

* Ensures and practice guidance, tools
demonstrates though and techniques to
evidence that significant Construction Significant effectively manage risks
risks have been reduced .

TUVRheinland®
87 Offshore Wind Safety Assurance Process T
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Offshore Wind Safety Assurance Process

Who are the audience?

Demonstrates you
are managing risk
effectively

Building trust
and respect

Regulator

Safety Assurance

A driver to ensure risk Process
is managed effectively
through the project

Demonstrates you are
managing risk effectively
[“tells the story”]

Gaining a

life-cycle I
i competitive edge
Doing the Supplier Customer g
right thing
TUVRheinland®
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Offshore Wind Safety Assurance Process

Identify Hazards

Safety
Management

Generate
Hazard Register

Safety Assurance
Process

Significant Develop Risk
RS Scenarios

Probatility (over 5 ywar operatio lie)

Fraquuney | ¥rar

Catistrophic

Screen Significant
Hazards

]

Implement further Generate Bowtie
risk reduction > Diagrams for
measures Significant Hazards

A

No Are risks
ALARP?

Yes

ffectivenessl|

Eliminate

Reduce

Move further away, enclose, circuit breakers, |
guards, isolation valves, lock-out-tag-out, etc.

Work procedures, safety systems, alarms, trips,
interlocks, limit switches, permit to work

Personal Protection Equipment

Remove the hazard all together
or substitute for a less hazardous
alternative

Volume, inventory, concentration,
speed, voltage, etc.

Always try to

Training, supervision, instruction, think beyond this
information, awareness of
incidents, safety meetings,
disciplinary process

most obvious,
but least effective
level of control

Identify Safety
Critical Equipment

Inspect, Maintain,
Test etc.

39 Offshore Wind Safety Assurance Process

Define Roles &
Responsibilities

Monitor, Review,
Audit etc.

TUVRheinland®
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Inetgral Part of Design Process

Identify Hazards Design Decision

Identification

Safety
Management

Safety Assurance

Process Hazard Screening /
Identification of
S Significant Risks

Decision Screening /
Identification of Key
Decisions

Implement further Generate e.qg. Key Decision ALARP Develop
risk reduction » Bowtie Diagrams for Demonstration —> Design
measures Significant Risks Decision Log
A
Are risks
ALARP?
No
Yes

Identify Safety Define Roles &

Critical Equipment I Responsibilities

Develop Employers
Requirements

Develop Performance Standards Design

Documentation and
Drawings

Verify Performance Standards

40 .
TUVRheinland®
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Application and Use

Product

[e.g. Wind Turbine / OTM]

Delivers: Product Safety Justification
Objectives:

* Present Safety Justification for generic product
[demonstrate all (or selected) risks are ALARP]

+ Feeds into Wind Farm Safety Justification
Exceptions:

* Non generic products [e.g. “one-off” platform,
design]. These are more efficiently covered
within Wind Farm Safety Justification.

Safety
Management

Safety Assurance
Process

CDM 2015 Safety Case

Project

[e.g. Specific Wind Farm]

i 1) Installation Safety Manual

2) O&M Safety Manual

. 3) Decommissioning Safety Manual
Objectives:

+ Demonstrate that the Wind Farm has been designed,

can be constructed, operated, maintained and
decommissioned safely.

41 Offshore Wind Safety Assurance Process

Logistics

[e.g. Construction, Marine Operations, Aviation]

Delivers: Logistics Safety Justification
Objectives:

* Present Safety Justification for logistical
operations [demonstrate all (or selected) risks
are ALARP]

* Feeds into Wind Farm Safety Justification

Exceptions:

* Non generic logistics. These are more efficiently
covered within Wind Farm Safety Justification.

TUVRheinland®
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Outputs/Deliverables

Safety Assurance Process
Outputs

Safety
Management

vvv

Safety Assurance
Process

CDM 2015 Safety Case

vvv VvV

Product Safety Justification Logistics Safety Justification
(WTG/ OTM) (Marine & Aviation)
- -
Offshore Wind Farm Safety Justification

- - -

Construction / Installation O&M Decommissioning
SECIWAVERIE] SEICIWAVERIE] Safety Manual

TUVRheinland®
Risktec
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Risk Assessment Methods and Tools
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Toolbox

Right tool for the right question at the right time for the right audience

= Context is all

= Many tools and techniques available to provide a systematic
approach

» Some top down, others bottom up

» Each has strengths and limitations

= Many well established methods but many variations
= No need to reinvent the wheel.....but

» Ensure that risk assessment is practical and proportionate

TUVRheinland®
Risktec
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Hazard lIdentification

= Many tools and techniques are available e
=  Most common in industry are:
- HAZard |Dentification (typically checklist i [ " s’
based) - HAZID
- HAZard & OPerability study — HAZOP | miucton’
=  And to lesser degree: ST —
- Failure Modes & Effects Analysis — FMEA requirements
- “What-if
Benefits

45

- Structured identification of all credible hazard sources and consequence
scenarios

- Can be tailored for workplace, operational or project risks
- ldentification of control and mitigation measures
- Key starting point for all risk assessment activities

TUVRheinland®
Risktec
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Risk Assessment Matrix

= Many different types and sizes available
= Typically considers frequency and consequence

= Applicable for all aspects of operations — o
worksite, product design, project, etc.

amount
yode) T

Very high

High

Low Moderats

= |ndication of inherent and residual risk

Benefits

46

WINOR | SIGNIFICANT | SEVERE | CRITICAL | MAJOR | CATASTROPHIC
o ostTime s | s 5

mmmmm oy Win L Serio Sirge | 2-5 >5Deatts
(per year) injutes | Accident | Injures | Destn | Deaths
PROBABLE
o El‘ Medium Risk
1

CONSEQUENCES

Geners
nnnnnnnnnnnnnnnnnnn and Publc

Simple application and user-friendly

2f (22 2k |20 (38 } | oonmn

High

Probability of occurrence (x axia)

1F 28| TE {10 |18 | ] | woin

Vary high

INCREASING LIKELIHOOD
A B < 0 3

Provides rapid assessment of risk
Consistent view of risk across many operations, locations
Can be tailored for many applications — safety, asset, project, financial etc.

Introduction to Risktec
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Bowtie Analysis

» Bowties are a generic hazard
analysis framework

= Control measures in place to o
prevent the release of the hazard e
and recovery measures to P T%‘D
mitigate the consequences are F ' ' ==
drawn. ‘

h

Threat Barrier

Threat Barrier

Threat Barrier || Threat Barrier

:

Factor Control Factor Control

Benefits

- Graphical representation is powerful communication tool which is readily
understood at all levels of organisation and regulator

- Clear identification of links between hardware barriers, human interventions
and management controls

- Clear identification of roles and responsibilities

- Keeps sight of the big picture and sequence of events

- Captures previous incidents

- Encourages wide participation of HSE and operational personnel

TUVRheinland®
Risktec
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Assuring Barrier Integrity

Mitigation

R Core?
o

)
/'

Barriers

Prevention

Gt
e

=0

’////////////////,/4
Hazard #

o
T

Top Event

N

Safety-critical activities

= Job descriptions
= Competency requirements
= Required documentation

#:j Safety-critical equipment \_: ‘ -5

= Performance criteria
= Assurance

Audit and
Inspection

To:
- Check accuracy
and currency

- Verify
performance

TUVRheinland®
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Consequence modelling

o - = |
= Dispersion, fire and explosion risk Wt -
assessment, noise studies :
» Also impact energies — dropped objects, :
ship collision BB BN BN BN S

» Considers effects to different targets e.g. —.

people, environment, assets -]

=  May be simple through to complex CFD : |
= Many software tools available i
Benefits - - . ..

- More accurate understanding of physical effects e.g. heat, smoke movement,
noise levels

- Inputs into design decisions, layouts etc. e.g. acceptable loss, escape
provisions, shielding etc.

- Customer demonstration of design adequacy

SOMOKE

Heat

TUVRheinland®
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Quantitative Risk Assessment

-
Combines frequency and consequence—
analysis

Many complex tools available, however
most are not applicable for renewables

Event Trees to identify progression to
possible outcomes

Wechanical Mechanical
failure of failure of
A pump B

pump:

Pump fails || Extemal
start Hazard

= = ] E w7 7 I = I T

Fault Trees to identify frequency of
unwanted events

Benefits

50

- Provides greater clarity and objectivity to design decisions
- Emphasis on practical solutions for effective management of risk

- Identification of risk reduction measures and further sensitivity
analysis to support ALARP demonstration and cost-benefit analysis

TUVRheinland®
Risktec

Introduction to Risktec Oil & Gas, Petrochemical and Chemical




Reliability Availability & Maintenance

= |dentification of failure modes, causes, effects and

detection for each component in the facility/unit — A B
FMEA '

= Determine appropriate failure rate and repair time rrepom rreose
data 5

= Preparation of Reliability Block Diagrams

=  Sensitivity and uncertainty analysis A | ] T RO
=  Software tools: spreadsheet models, RWB, AWB

FR=0.0001 C

Benefits

- Aid to Designers, Operators and Maintainers - FRE000G
- Derives requirements for back-up systems

- Allows “optioneering” of system configurations

- Confirmation that system will meet its Operational Requirements

- Supports decisions on level of maintenance provision and spares

- Supports financial decisions about viability/cost effectiveness of projects

TUVRheinland®
Risktec
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Benefits

52

Escape, Evacuation & Rescue Assessment
(EERA)

The Escape, Evacuation and Rescue Assessment
(EERA) evaluates performance of emergency
response and arrangements

Consideration of worst-credible hazard scenarios,
e.g. fire, smoke, toxic releases

Assessment against EER regulations / industry
guidelines (if applicable)

- Detailed description of current EER provisions -
- Demonstration of regulatory compliance

- ldentification of events with the potential to impair escape/evacuate

- Estimation of time to escape, muster and evacuate
- Provision of impairment frequencies

Introduction to Risktec Oil & Gas, Petrochemical and Chemical
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Functional Safety (LOPA, SIL)

/ CONHTRIS R RS oRn \
Emergency broadcasting

=  Numerical determination of the protection afforded / e \
by safeguarding measures L o o ™

(eg
Safety-Related mitigation syslems

= Assessment against target event frequencies to e

Mechanical protection relief valve)

determine if risk shortfall exists SRl s
»  Specification, where necessary, of additional
safeguards and their reliability

=  Semi-quantitative (LOPA) to quantitative (SIL)
levels of assessment

CONTROL and MONTTORING
Basic control systems
Monitoring systems (alarms)
Opemror supervision

Benefits
- Objective, numerical, assessment of the effectiveness of protection layers in
reducing frequency or consequences of events
- Consistent basis for judging whether there are sufficient Independent
Protection Layers to achieve the required risk reduction target

- Produce precise specification of Probability of Failure on Demand (PFD)
value for a Safety Related Function

TUVRheinland®
Risktec
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Human Factors Engineering (HFE)

Human Factors Integration (HFI) and Human Factors Engineering (HFE) strategy, planning and
management "

HFE technical support throughout project
lifecycle, including, for example:

- Control Room design (including CRIOP),
workplace ergonomic

- Human Machine Interface (HMI) design

- Valve Criticality Analysis (VCA

- Safety Critical Task Assessment

- HF specialist input to 3D Model Design

Reviews s i
- Workload and Manning Studies, etc. Accessibility issue to handwheel valve identified during 3D model
review and VCA
Benefits:
- Improved safety, reduction in accidents and - Human Factors and Ergonomics Design
human error compliance with applicable international

- Increased acceptance and ‘buy in’ of system standards

- Reduction in re-design and associated costs - Increased productivity and capacity

- Improved usability & maintainability - Reduced staff absenteeism and turnover

- Increased system reliability and availability - Decreased project and product delivery delays

TUVRheinland®
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ALARP Assessment

The level at which risk has been reduced as low as
reasonably practicable (ALARP) is when the time,
trouble and cost of further reduction measures
become unreasonably disproportionate to the risk
reduction achieved.

Benefits

Unacceptable
Region

Tolerable
Region — Risk is
tolerated if it is
managed to
ALARP levels

Broadly Acceptable
Region

- Assessment of compliance with codes and standards
- Review of good practice and engineering judgement

- Forces consideration of continuous improvement

- Allows practicable considerations (e.g. cost, time, difficulty) to be weighed

against potential risk reductions

- Legal and corporate requirement for many locations

55 Introduction to Risktec Oil & Gas, Petrochemical and Chemical
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Example Case Studies
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Example Case Studies for Offshore Wind

» Product Safety Justification of a Wind Turbine
» Through life risk management in a project

» Numerical risk assessments of design issues
» Blade throw analysis

TUVRheinland®
Risktec
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Wind Turbine Product Safety Justification

The Challenge

= Concern over ‘silo’ component development safety

= Holistic approach to risk management
- Whole turbine
- All operations
- Design claims to operational controls
= Develop product library across all turbines

» Product Safety Justification for customers

TUVRheinland®
Risktec
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Overall Process

Hazard Identification HAZID Checkiist
HAZID Study
Risk Assessment
Matrix [RAM] v
S Hazard Register
HAZOP Studies [populated RAM]
Risk Analysis = e
I | “Buckets of Risk l l
Control of Hazardous Energy | l Structural Integrity Occupational Risk I ’ Emergency Preparation & Response
Fire, Smoke and Mechanical Fallen Marine Vessel Pe“;"e'l'iz{o’:;':"e E Occupational First Aid
Gas Systems Loads Collisions Transport Health & Welfare
Electrical/EMF Pneumatics and Helicopt Str | - . Evacuation, Escape Crisis and Emergency
Systems Hydraulics Systems Collisions Failure Workingat Height Hiftogiactyits and Rescue Response
Design, Construction, Commissioning, Operation, Maintenance, Service
s 5 S Safety System 3
Quantitative Risk A Safety System Register and = - Security
Bowtie Analysis Reliability, Availability &
Assessment [QRA] Performance Standards Maintainability Analysis Assessment
Risk Treatment
Risk Evaluation ¢ o
Risk R Action S c’o"‘:':o“ cv“’n':l;ff’"c:gsﬂs .| Risk Ownerand
Plan o i Req or agreed Actions.
Improvement [RFI]

Operational Control

59 Introduction to Risktec

Human Factors Review

SIMOPs Assessment Rules of Safe Operation

Zero Harm Culture

TUVRheinland®
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Staged Approach

Fire Safetvy Case Product Safety Case Future Projects
UK HSE
Improvement Notice

& Template Bowties DD6.0 GSCF

PSCF
FSCF

Update FSCF

DD7.0 DD7.0
Update FSCF DD?O I

With Tuned
Mass damper

FSC Framework [FSCF] DD6 0

TUVRheinland®
Risktec
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Safety Case Library

61

( Safety Case Library N

current content:

DD7.0 WTG PSJ Vessel Transfer
Bowties
DD6.0 WTG PSJ
Helicopter
3.6MW WTG FSC Transfer Bowties
D FSC

2.3MW WTG FSC

Beatrice Wind
Farm “Design”
Safety Case

Introduction to Risktec

Safety Case Library

possible future content:

Vessel Transfer
Bowties

DD1.X PS]

DD7.0 PS]

DD6.0 PS]

3.6MW FSC

DD3.0 PSJ

2.3MW FSC

Beatrice Wind
Farm “Design”
Safety Case

Helicopter
Transfer Bowti
Construction
Bowties

Absorbed into more
expansive Safety
Justification hence
superseded, but
retained in library for
information/traceability.

Beatrice Wind

Farm “Design”
Safety Case

TUVRheinland®
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Example Outputs - Bowties

Bowtie Analysis

= Several key risks e.g.
- Fire
- Logistics

- Workplace hazards

- Liftina operations

Barrier details
l \
i i Lift installed and Lift wire redundancy - Motor with in built Mechanical load
L Detan o ferie Totéofabion of ¥t inspectl o ed bay main wire and safety brake capable of otecbone: t -‘;:;em

acco i design i o
E:a;;:ﬂvntb hnbi::ma" competent technicians wire should main wire halding lift stationary use of lift if loaded
in accordance with fail on power loss over maximum weight

relevant standards T Sl -

& e |

Critical Equipment

Identifier System Identifier

TUVRheinland®
Risktec
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Example Outputs — Performance Standards

Codes and

|IEC 60204-11:2000 — Safety of machinery — Electrical

of machines — Part 11: Requirements for HV
equipment for voltageds above 1000 V a.c. or 1500 V
d.c. and not exceeding 36kV

overpressure arising from short
circuit/explosion

credible short circuit
event

System Sub-System Comp F lity Availability/ Survivability Contingency
Reliability Arrangements
SYS-01 | Electrical SYS-01.01 Electrical | Transformer Minimises potential for external At all times during If found to be defective, turbine must
systems equipment, cabling enclosure events to affect transformer. operation d gised until
and remedial action taken.
Transformer body Maintains containment following | At all times Must be able to survive If found to be damaged, turbine

must be de gised until

IEC 60204-11:2000 — Safety of machinery — Electrical
i of machines — Part 11: Requirements for HV

investigated and remedial action

equipment for voltage4s above 1000 V a.c. or 1500 V'
d.c. and not exceeding 36kV

EN13478:2008 “Safety of machinery — Fire prevention
and protection”
Fire assessment of

SYS-01.02
Protective devices -
fuses, breakers,
RCDs etc.

RCDs

Minimise potential for serious
injury due to electrocution during
work with handheld electrical
equipment or other electrical
systems. Fail-Safe.

Available when electrical
systems are energised.

Must survive credible
worst case electrical
fault conditions.

EMC in accordance with
EN 1808.

If found to be defective, associated
system must be de-energised until
investigated and remedial action
taken.

EN 60204-1:2006 — Electrical Equipment of Machines —
Part 1 General Requirements

IEC 60364-4:2007 — Low Voltage Electrical Systems —
Part 4 Protection for safety

Fuses/circuit
breakers

Isolate electrical supplies in
short circuit event. Prevent
initiation of a fire due to electrical
faults. Fail-Safe

Available when electrical
systems are energised.

Must survive credible
worst case electrical
fault conditions.

EMC in accordance with
EN 1808.

If found to be defective, associated
system must be de-energised until
investigated and remedial action
taken

EN 60204-1:2006 — Electrical Equipment of machines —
Part 1 General Requirements

IEC 60364 — Low Voltage Electrical Systems —
Protection for safety

Converter safety
systems

Water leak detection
(level/pressure monitoring and
shutdown) to prevent
overheating, short circuit and fire
risk

Overload and short circuit
protection, by the main circuit
breaker

Available at all times that
the turbine is energised.

Surviving in accordance
with EN 62477.

EMC in accordance with
EN 1808.

Automatic voltage
control system

Minimise the potential for fire in
overload/overvoltage events

Available when electrical
systems are energised.

Must surviv
worst case
fault conditi ¢
EMC in acc

EN 1808. e

"

Transformer siprotec
protection relay

On short circuit or overcurrent,
open switchgear circuit breaker

Available when electrical
systems are energised.

Must surviv M
worst case
conditions.

EMC in acc

EN 1808.

Introduction to Risktec

Transformer tank oil
level detector

Trips turbine switchgear, de-
ising the on

At all times when
el

low oil level, preventing short

nergised.

Must surviv
worst case
environmer

+ Identified from role in risk management
* Means of through-life assurance

If found to be defective, associated
system must be de-energised until
investigated and remedial action
taken.

EN 62477:2012 — Safety requirements for power
electronic converter systems and equipment — Part 1
General

1 Ehct el (5 i) - anact wih € bticky
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Example Outputs — Detailed Consequence Modelling

Smokeylew 61,10 - May 26 2014

Frame: 1
Time; 0.5 :' mesh: 1

TUVRheinland®
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Benefits

= Removal of regulator improvement notice
» Structured approach to managing hazards for the entire turbine
» Improvements to escape and evacuation provision

= Tool for through life risk management
- Basis for audits
- Workforce hazard awareness
- Key Performance Indicators

= Development of Product Safety Justification F‘*j | =

- Contractual requirement « Hazards
- Legal obligation - Dowties
egal obligatio . SCEs
* Performance
Standards

TUVRheinland®
Risktec
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Beatrice Offshore Windfarm

The Challenge

» To achieve a design and operational profile that meets all legal
obligations and represents the best practicable option

» Structured design process from outset
= Company commitment to managing risks

TUVRheinland®
Risktec
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Beatrice Offshore Windfarm

ALARP Design Philosophy (ADP)
Based on four core principles, each with an objective and project

commitment L st
» Good Practice o Goodsocr

- To deliver a design based on applicable good practice _G‘""a"‘e
» Inherent Safety and Hazard Management Hierarchy 4

- To deliver a design that manages risk through inherent safety e e

= Management of Uncertainty and ALARP Decisions

- Provide evidence for design decisions

Pracautionacy

= Tolerability of Risk | -
- To produce a design that manages risk to a tolerable | gy w

TUVRheinland®
Risktec
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ALARP Design Procedure (ADP) — Activities

» The ADP Activities are structured using the following activity map:
Industry
_I‘

——32 =N
e | oo
[ ey

— -

—

x
1
i

Hazard Analyses

Risk Assessment

it

[
R
[
r

/

SCEA
Performance Standards
Development

.

/

ALARP Warkshops

—)

TUVRheinland®
Risktec




ALARP Design Procedure (ADP) —
Programme

o
=
=
-
ol
=
=
=
S
o
[
=]
=
=
=5
—
=L

‘Opportunity Assesanent Elaprient Refinement D perate and Bvalusts
. Explore Prelimirnary Detniiled Cesign / Somtroction
Site Selection > FEED Tender i Operation
Opportunity Creslan S Commisianing =
Gated Gatel Gate® Gate 3 Gated  Gates
Introduce ADP HAZID Studies HAZID Studiss i Firatia g S FewiewSAH Besster M TPl

|dentification

Femister

ofSatety Case

Denelopment
of HE.E Resiste

Dewelopmeant of
SAH Registar

Finglise Bow-
tie Diagmre

Fewiew and
Dperationalse Bowsties

o nitor Impl=mentatian
Sf Pedormance Standamls

Eow-tia
Waoarkshops

Finalise Hazard
Analysas

Fewiew HazardAnakses

Periodic Fiediea 2 Update
S fS4H Pegister

Frelimmany
Hazard Anaklseas

Finslise SCE L6y

Feniew Risk Assess ment

Paricdic Fadisar ¢ Updates
o fSatety Case

Frelimmary SCE

Dewelop Parf.

Finslise Fedormance

Paricdic Fadisar ¢ Updats

List Standards Standards =F Pardo rmance Sandarns
acER ALARE Finalise ALARF Manag=m=nt =f
- Waorkshops Demonstration Engine=ring Chang=
Edecution Flanasem=nt of
RisteAraeremant HAZIO Enginesring Changes
Design Safety Case Dperation:z Safery Cae De-commissioning
I, Safety Case
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Key Outputs

» Hazards and Effects Register
- How all the hazards present are managed
= Bowties
- Detailed review of 10 significant hazards
= Safety Critical Activities
- The human actions that manage the significant hazards
= Safety Critical Elements
- Equipment or structure that could cause or prevent a significant hazard

» Performance Standards
- The means by which the design achieves required criteria
- Functionality

Availability
Reliability
Maintainability

Survivability
TUVRheinland®

Risktec
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Safety Cases

‘ Safety Case
Design and Installation Operations

- SAH Bow-ties

- SAH Bow-ties
)

Performance Standards

v

Siemens
Service

Combined Operations and Construction

Overall Risk Assessment

TUVRheinland®
Risktec




Benefits

» Clear understanding of potential risks based on industry history and
expected operating profile

= Early identification of key issues allows cost savings over remedial
actions

» Valuable aid to design making process
= [nvolvement and ownership of principal contractors
» Drove design improvements e.g.

- Boat landing
- Operator access to equipment
» Operational safety case to be a live tool
- Personnel awareness and responsibilities
- Management of KPls
- Legislative compliance

TUVRheinland®
Risktec
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Numerical Assessment — Case Study |

Challenge - Nacelle Escape and Evacuation Provision

= Qualitative reviews identified potential issue ‘ rrrrr jEI

» CFD modelling to confirm estimates
= Operational testing of existing arrangements L1 1 )
= Option workshop

= Numerical evaluation of benefits

» Proof testing

TUVRheinland®
Risktec




input into cost benefit analysis

Numerical Assessment — Case Study |

= Event trees developed to quantify scenarios, compare options and to

provided

Introduction to Risktec

= Change to escape philosophy and equipment

1 2 3 4 5 6 7 8 9 10 11 12
Turbine Fire Eytiontion Escape Escpe Disconnect Water Entry | [[PMESON S| g ol time > Fatality
Occurs Manned Extinguished ve tcfwer Initiated Squipmentig from rope required Mejact time to rescue Probability Rk
impaired up successfully avallable
N 0% Fire in unmanned turbine
IY Y 0% Await Rescue at T Piece, Nacelle or within Turbine
|N N % Descend to T Piece, await rescue
Y N 1% Await rescue at nacelle or nacelle roof
Y N 100% Personnel unable to escape
IY 67% Remaining personnel trapped in nacelle
N 0% Personnel reach T Fiece and await resaie
Ad N N 95% Water entry, no survival suit, fatalities awalting rescue
Y 80% Water entry, no survival suit
Y N 80% Water entry, survival suit, fatalities awaiting rescue
Y 22% Water entry, survival suit

Fire detectod in
turbine

1

7| deckassembly point




Numerical Assessment — Case Study I

Challenge - PPE During Personnel Transfer Operations |

» Operational concern over Regulator approach
» Mandated fall arrest for all transfer operations

= Qualitative evaluation of potential oﬁ’%ns

- Fall overboard

- Hang-up

» Quantitative assessment for:
- Vessel configurations

- Weather conditions u i " N

Iv Boat tajor Fail from height - impact injury

- Fall arrest options - . N R

Minor Fall from low level

Major Hangup

TUVRheinland®
Risktec
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for injuries.

5 Query.
& FAS fais to werk, then goes down sams brarch 35 for o FAS presert

Calm Surfer Access
1 3 £l s 7 s
Vour moten T Grad
Transfer 5 Fel amrest lacks Fall from tadder ing fat amest
5 Before/ dumg stes vith ladder ster sttachedicvore " Fallto.
o] ] R - | (=5
26 N SSHEL @ Y 1000E40 N ossess N
o lsmes
i fraam locer. ‘Recoser and sart
n oot Bst 05
7 (From ~3rm)
water (3) 05
n 1205 Yi6) 0,935 N 055 N_ossms
Lose cantact with “Staperded fram roge Recorer andstart
lscicker limb. Y 10605 Gote @ S69ELL
2
y o005
Tmpacied by bt
N_0.001 Bst 05
Fall (from ~1-2m)
wster(3) 05
vz} 120 Y504 (1) 05 N_oss *:@ 285806
‘Potent! for Feng-<p tocecir Sesperded fram ‘Restiemps ransier
o= ¥ o0s
n_os ©t@ 30206
“Standon bows Resttempt transter
N_038 Y- ) 540805
Restiempt transfer.
(assumes ro fafl over side st ths pont)
600059501
1 oFindvidual and & i
2 Weather dependant vaiue
3 Mors ey 10 land on boat from 1m il rather thar 3m fall a< best won't yet Fave moved backe
3 o comt B e lclon why veesther dependert data

Access method dapendent

Numerical Assessment — Case Study I

Tiee

5.00E01 fere.

5.99E08 Nors.

0.00E+00 Major

150508 Major
500510 Major
846510 Majar
540811 Fatal
705510 Minar
45011 Fatsl
23108 Major
13510 Fatal

569806 tore

3.00E07 Major
267803 tone
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18012 Fatal
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1.50E07 Major

&0000000E01
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5.00811
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Stccessfl Gimb

Fa? (<1m) andimpactinjurytotrarsfares
Impactinjury totrarsferse and crew member
Foll (3m) and impact infuries

=

(r~3m } and Impact injuries - reaswered to boat
Fetsl

Fat (~3m) infuras - Recoersd to bost

Fetal

Fed (v3m) and Impact injuries - recowered to boat:
Fatal

Succasshd cmb

Impactinjury totrreferse
Safe landing back on deck
Impact njury totransfarse snd crew member

Fofl {t2m) ard Impact injures

Fal (1-2m) and Impact injures - reconredto boat
Fotl

Fal (1-2m) injuries - Recoveredtobest

Fotsl

Fal (1-2m) and Impact injuries - rcorredto baat

R

Impactinjury to trarsferse

quislent fataities per transfer

Injuries 1o workforce 25 defined in Schedule 1 of RIDDOR: Ths includes losing consciotsness. most fractures; major dslecations, loss
(Spreny o i) st b Wi St i nboartatabiaciock s Hiom i feory

NorrReporiable Minar - 2l cthar physical injuries that are net Caass 1.

e
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Benefits

= More objective understanding of the risk

= [Improvement in dialogue with stakeholders
- Regulators
- Customers
- Workforce

» |dentification of key risk contributors

» Development of testable performance indicators for risk control
systems

TUVRheinland®
Risktec
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Blade Throw Analysis

= Concern over siting wind turbines near vulnerable sites
- Public : j
- Oil and gas facilities .

- Hazardous chemical facilities

- Nuclear power stations

= Structured approach | e T

= Peer reviewed on behalf of regulator

TUVRheinland®
Risktec
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Blade Throw Analysis

Structured Approach

= |dentify scenarios e.g.
- Collapse
- Blade throw
- Ice throw
= Consequences
- Who/what may be harmed?
- Probability of impact
- Turbine hub height
- Site wind profile
- Blade CoG
= Assess acceptability of risk

anceins

etal c

asing individual 1isks and sock

79

Incre.

Frequency (%)

|

Identify
Hazards

l_l—l

Assess Assess
Likelihood Consequences

Optimise Turbine
Siting/Layout Assess Risk

Is Risk
Acceptable/

Actual
Footprint Further Extended “Footprint”

T

~F=—=2.5h
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Example Output

TUVRheinland®
Risktec
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Example Risktec Studies

SIEMENS

Psse:

DONG

energy )
R gl

PSS :

7" Statoil

81 Introduction to Risktec

Offshore Wind Generic Safety Case Framework, including HAZID Studies
& Bowtie Workshops

Wind Turbine Fire Risk Assessments

Wind Turbine Safety Case (Product Safety Justification)

Port Operations HAZID Study

Independent Safety Review of Tuned Mass Damper System

Development & Delivery of Safety and Risk Management Training
Development of ADP (ALARP Design Process)

Application of ADP to Beatrice Offshore Wind Farm to develop Safety
Case including HAZID Studies, Bowtie Workshops and ALARP Previews
Wick Harbour HAZID

Human Factors Support

Offshore Wind Generic Safety Case Framework
Project specific Safety Cases

Bowtie Development

Vessel Transfer Quantified Risk Assessment (QRA)
Hornsea Offshore Wind Farm Logistics QRA

Dudgeon Offshore Wind Farm — Offshore Substation HAZID
Dudgeon Offshore Wind Farm — Onshore Substation HAZID
Dudgeon Offshore Wind Farm — Construction HAZID

TUVRheinland®
Risktec




Example Risktec Studies

» EastAnglia 1 Offshore Wind Farm - Offshore Substation HAZIDs
» East Anglia 1 Offshore Wind Farm - Onshore Substation HAZIDs
East Anglia 1 Offshore Wind Farm - Safety Integrity Level Assessment

IBERDROLA

* Support with Bowtie Implementation
SMS Documentation Development
* Risk Assessment Support to Xiangshui OWF (via TRGC)

% GOLDWIND

O

ﬁ » Galloper OWF Cable Fire Risk Assessment

innogy

* Independent Safety Assessment of WTG Tower Crack Repair Strategy

TUVRheinland®
Risktec
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Summary

= Offshore wind is not without risk

= Whilst risk exposures are generally less severe than offshore oil and
gas, they may still result in multiple fatalities, delays, increased costs,
loss of reputation and loss of market share

» These risks increase and are harder to manage with novel products and
increased distance from shore
= Opportunity exists to learn from more mature industries, however
- Approaches must be proportionate
- Qualitative and quantitative approaches need to be balanced
- Wind specific data is sparse

= Risks must be identified as early as possible
= Effective communication and handover of risks is critical

= A planned approach is essential, but without effective implementation
it will fail

TUVRheinland®
Risktec
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Holding Pen

TUVRheinland®




Offshore Wind Safety Assurance Process

Life-cycle Approach

Marine & Aviation Logistics WTG / OTM / Sub-station

Outputs: Logistic Safety Justification Outputs: Product Safety Justificatforj '
Demonstrates: All or selected logistic risks are Demonstrates: All or selected logistic risks are

reduced ALARP on a generic basis (further reduced ALARP on a generic basis (further site specific
site specific assessment will be required) assessment will be required)

Concept /
Development

Wind Farm

Outputs: Wind Farm Safety Justification
Demonstrates: that the risks in design,
construction operation and maintenance have

been reduced ALARP .
Production /

Manufacture

8|9AkD-8417 19Npo.d

Works Testing
Wind Farm Life-Cycle

Cancept/lGevelopment Commissioning Maintenance Re-powering

Marine & Aviation Logistics Recycle / Disposal

TUVRheinland®
Risktec

> Construction & Operation & \ 5 Decommissioning /
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Offshore Wind Safety Assurance Process




The risks we face....
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CNOOD-Who We Are
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01

Established in 2008, CNOODTM ASIA LIMITED has been
focusing on providing Engineering, Procurement &
Construction for projects in 0il & Gas, Marine, Mining,

Infrastructure, Water, Renewable Energy, transmission &
Distribution fields.

Based on the decision of the company to extend our
international presence, we have now established our fully
owned subsidiaries in Shanghai, Hongkong, Chile and
Spain. We have other associated companies and partners
around the world. Nearly over 150 full time employees are

employed globally and the number is expected to increase
in the coming years.

ol L w I ALLYC,

Oil & Gas Marine Mining Infrastructure Water Renewable Energy

» Project Development

‘. Planning
Y Feasibility Study

% Financing & Investment Consultancy
S\ Site Survey
" Project Management

v
\

T

Project Implementation

{ Engineering
Procurement
Transportation

Construction and Installation
Commission

!'» Operation & Maintenance
{ Operation
Maintenance

5 Training

E
transmission 3
Distribution

» Investment

¢
.
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Our Project Egypt Fit Renewable Energy

=

+ The electricity transmission company I
(EETC) and New and Renewable @ PRESEEIEE &
Energy Authority (NREA) By Sy

MINISTRY OF ELECTRICTTY & KENEWABLE ENERGY

o Caood Asia LTD —
At: Mr: Lioyd Zhang AL M. Lioyd Zhny
eauiioydfidcon N ———

« To purchase the produced electricity -
from RE power plants at the prices e — i

In view of your submited documents, we we pléased 10 inform you thal your
Firm/Consortium

announced by the Cabinet of o B e

- Cnood Asia LTD ~ Cnood Asia Ltd
. .
Ministers through Power Purchase R Sy e RS R ————"
s aet, you o Hiodly ogesed As a successful Applicant, you are kindly roquested to:
Agreements (PPA) B e o
g 5;‘:;‘;‘..".,‘:“""" At v s BCTANIC) oty & Interconnection (MV cabling, the $/5°s, EHV comections) with,
. T e T W T e ———
. f h p J d o 15000 s AW for i e les)
25 years for the PV projects, and 2 ]w,m:mm"mmmm- T
- -
years for the wind projects. 185 e et st e i

athers,
o, il wiomaticaly epace sy dp ot hom he fs It or dicly be
comtidered to round of FiT. s

Best Regards,

+ CNOOD is a qualified developer . o by 3&%‘ 2/ A
. A Z‘KM A/{ [WM’ Eng, Abmed E1 m,hﬁgﬁu
« 1x20 MW Wind Farm . i

« 1x20 MW PV Solar Power Plant




Egypt Fit Renewable Energy Background,

Goals and Scope

Wind Atlas — Four areas with interesting wind energy resources

25°% 26°€ 27°E 28° 20° 30°€ NE 32°6 33 4% el I6°E ITE

Gulf of Suez
(8.0/10.5 m/s)

West and East Z (7.5/8.5m/s)
Banks of the Nile ; )
(7.0/7.5m/s)

Western Desert s 2m
(7.0/7.5m/s)

2N

Source: NREA, Egyptian Meteorological Authority, Risa National Laboratory (Denmark), Wind Atias for Eqypt, Cairo and Roskilde, 2005, Wind- It means the world “’J

T

The Map of Gulf of Sbez Site with the names of the companies
that have been access the lands.

T
28855200

28450520

28300175

32

o6 3287818 3284507

33013078

T
28201620



Energy Projects in Egypt
Outlook

» Suez Canal Zone

« 3 GW Solar PV Power Plant
LOCATIONS AND CAPACITY BY 2030

Location East Ismailia Rural Suez 1 Rural Suez

Phasing / Phase 1 Phase 2 Phase 3 project for
Delivery Date project for project for delivery before 2030
delivery delivery (potentially CSP with
before 2020  before 2025 12 hour storage if
commercially
viable at this stage)

Capacity 1,000MW 900MW 200MW

+ 3.7 GW Combined Cycle Gas Turbine Power Station
LOCATIONS AND CAPACITY BY 2030

| | 2015-2020[2020 - 2025]2025 - 2030| TOTAL

East Port Said ~ 126MW 1000MW 1,125MW
Ain Sokhna 1 250MW 250MW 500MW  1,250MW

Ain Sokhna 2 500MW 750MW  1,250MW




Wind Power in Sudan

Average wind speed | throughout the world

NCEP/NCAR ro-analysis averaged winds “ 10-m AGL wind speed (m/s)




Wind Power in Sudan

Demand Forecast for Sudan
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Wind Power in Sudan

By 2020

»The estimated renewable power
would be 2000MW

»The wind power share would be
1000MW




75MW Wind Power Project Proposal

Location: north of Sudan

Main Objects:

» Utilize and develop wind resources
» Contribute to Sudan energy balance
»Migatation of CO2 emission
»Ensure energy supply security

»Demostrate grid connection technology



Lim River Running Through
Montenegro and Serbia

Investor: CNOOD

Power Plants: 5

Total Capacity: 72MW~75MW
Total Investment: 149 Million Euro
EPC: CNOOD+ Sinohydro Bureau 12
Operation: CNOOD Serbia Team
IPO: CNOOD Energy Team



Development Planning of Lim River

| Concept of Construction of HYDRO POWER
(~’4‘ PLANTS on the Lim River

“| Lim River Planning:
15T STEP: We’ |l plan to build 5 hydro
| power plants on the River of Lim.

p E l p .
e \‘T

AR mormm:mmmm
o '_ = v

>

“| 2ND STEP: Develop more hydropower plants
| on the upstairs of Lim River in Montenegro.




Hybri& Power
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Hybrid Power-Wind, Solar and Diesel Generator/ Main Power Supply




Hybrid Power-Wind, Solar and Diesel Generator/ Main Power Supply
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| High Elevation Gobi Dese‘;vr»t
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CNOOD FINANCIAL RESOURCE IN CHINA

PEARROENS®S

—— A NG L P —

PETHMEE

MELEOERRREAS

CHINA EXPOIRT & CIEDIT INSURANCE COMPORA

Other
Government
depariment




FINANCIAL RESOURCE IN WORLD BANK
The World Bank Group

[ | “MIGA
" ")A +1CSID 1568
ZIFC 1960

{n)

ERSHAT -IDA
BT RS 1960

*IFC
1956




IFC’s Global Reach

& IFCHubs
| ® IRcOfiices

100+ country and regional advisory services offices worldwide




Techndlogy‘AmaIga mation

BRB & EEMAL




Technology Amalgamation i R4 HERHIE/L
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Project Management
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General Info
of the Project

CNOOD Team
Member

News Workflow Report Product

CNOOD SAMPLE PROJECT
B CONTRACT NO. CN17HA001
& CLIENT NAME

© 2016/12/22 ~ 2017/06/30

T~

Team

. Paul.Chen(F48F) | Executive Partner

paul.chen@cnood.com

‘ Dennis(;tt33f) | Chairman

cyh@cnood.com

Faylee(¥% %) | CEO

faylee@cnood.com

Eric(¥F%5/) | Account Manager
eric@cnood.com

Laytao(P§%) | QA/QC

laytao@cnood.com

Nancy(578%#%) | Purchasing Manager
nancy@cnood.com

o @ =

What's new with you?

Name

@nancy 2017-04-29 21:53:24

Production Status (LOT 3) :
A. ERW Part: Finished.

B. H-Pile Part: Finished.

C. Vessel Status:
1. MV. YANGTZE SPIRIT is sailing to PANAMA.

Pls check the attached TUV daily reports (25th and 26th and 27th Apr.) and weekly reports.

@nancy 2017-04-29 08:11:30
Till 27th April., the production of Lot 3 is finished.

@eric 2017-04-28 01:28:29

A.ERW Part:
1. Till 26th Apr., for 742 pcs of 0D558*13*14250 L&T, Lot 3 finished.
2. Till 26th Apr., for 195 pes of 0D355*12.7#30000, Lot 3 finished.

B. H-Pile Part:

Till 26th Apr., CNOOD has finished 149 pcs butt welding, in which 137 pcs were UT & VT & dimension &

Real-Time
Updates

Transparent
Communication
with Clients and
Suppliers



Detailed Info of
Each Process
in Workflow

News Workflow Report

SALES(

R CONFIRMATION

> Sales Contract Confirmation

PURCHASE ORDER CONFIRMATI
> CNOOD-MILL
> CNOOD-LOGISTICS

TECHNICAL DOCUMENTS PREPA

> ITP & MPS
> Shop Drawing

™ wes & PR

> Gannt Chart

> Logistic Scheme
> MDR List

> NDT Procedure

KOM

> TPI Arrangement

> MOM

> Raw Material

» Forming and Welding

> UT Quilified for SSAW Weld S...
> VT Qualified for Finished Pile

> Client's Technical Specificatio...

Product File
Forming and Welding
File Name Author
‘ 609 stacking in BSW.jpg jane
. Welding parameter.jpg jane

. UT test.jpg jane
‘ Dimension check.jpg jane

What's new with you?

Name

@jane 2017-03-2114:58:19
B. SSAW Part:
Till 20th Mar.,

1. Mill has finished welding & qualification for all lots.

Date

2017-03-07 16:06:53

2017-02-20 10:26:42

2017-02-20 10:25:41

2017-02-20 10:25:38

Timely
Updates of
Documents

Daily
Summary
of Latest
Project
Status



CNOOD
Daily
Report of
Production
and
Inspection

News Workflow Report Product File

© 2017-04

. CNOOD DAILY REPORT-KCT Phase 1- 20170427

2017-04-29 21:58:14

GANTT CHART

PROGRESS TABLE
No. Raw SSAW Forming  UT Qulified for SSAW VT Qualified for Visual & Dimension Piles Changshu  Photos
Material  and Welding Weld Seam inis Pile i il il On-Site
#5 384 384 384 384 384 384 /
#1316 116 116 116 16 116 !
#22 272 272 272 272 272 272 /
Sariing Ylsual & ) uT MT. Visual & Photos
No. Steel AUT MuT In CI Quilified Qualified Dimension N
Coil Welding Qualified Qualified Checkin House Receiving Welding forCW Welding for Cluth Inspection site
Baosteel Seam Welding Qualified
# 8 8 8 8 8 8 8 ) / ! | ! /
#2 | ! / ! / /i # 4 4 4

L CNOOD DAILY REPORT-KCT Phase 1- 20170424

2017-04-26 18:03:43

Timely
Updates of
Production
Progress

Up-to-Date
GANTT
Chart



Detailed Info
of Products

News

= Product List

Workflow

Report

Product File

No. Name Quantity Remark
#8 308.0 MM*15.4 MM,15.5 MM*310.0 MM-HP 12X74-EN10025 S355J0 654 PCS #MASTEEL H-Pile Half Length:17m 1st Batch
#10 558.0 MM*12.0 MM-AP! 5L X52 PSL1 654 PCS #BAOSTEEL ERW Unit Length: 14.25m Welded with interlocks 2nd Batch
#11 356.0 MM*12.7 MM-API 5L X52 PSL1 288 PCS #BAOSTEEL ERW Short Length: 15m 2nd Batch
#14 308.0 MM*15.4 MM,15.5 MM*310.0 MM-HP 12X74-EN10025 S355J0 298 PCS #MASTEEL H-Pile Half Length:17m 3rd Batch
21 558.0 MM*13.0 MM-API 5L X52 PSL1 742 PCS #BAOSTEEL ERW Unit Length: 14.25m Welded with interlocks 3rd Batch
SSAW PRODUCTION
SSAW Formingand  UT Qulified for SSAW VT Qualified for Visual & Dimension Piles Changshu
No. Raw Material Welding Weld Seam Finished Pile Inspection Qualified Receiving Photos On-Site
#5 384 384 384 384 384 384 !
#13 16 16 116 16 1186 116 I
#22 272 272 272 272 272 272 1
1
ERW PRODUCTION
Visual &
Forming & Dimension Check Changshu Circumferential uTte
No. Steel Coil Welding AUT Qualified MUT Qualified in Baosteel In House Receiving Welding cw
# 8 8 8 8 8 8 8 / 1
#2 / 1 i / / 1 I 4 &
#3 240 240 240 240 240 240 240 ! ]
#a 59 59 59 59 59 59 59 ! !
#6 340 340 340 340 340 340 340 !

Timely

__ Updates of
Production
Progress




Product File

Well-
Organized

News Workflow Report

Weekly

— Report
@ Home File Name Author Date p
£S5 Part A, Fabrication of Tube
D O C U | n e ntS E101. MTC of Pipes & Repart of Weekly Report-Changshu-154223053008.pdf nancy 2017-04-29 21:54:34 by T P |
E502. ITP-Inspection Test Plan
£5103. MPS-Manufacturing Proc 154223053-CNOOD-CN-FR-0062.pdf nancy 2017-04-29 21:53:52
51 04. Final Records Inspection
F105. WPS & POR u Marking-H pile.jpg tony 2017-04-28 00:29:29 S h @) p F I oor

5 06. WQR-Welder Qualificatio
£5107. Welding Records
59 7.1 LSAW Pipe Outside We

H Dimension inspection-H pile.jpg

. UT-H pile.jpg

tony

tony. 2017-04-28 00:29:13
£37.2 LSAW Pipe Inside Weli
708, N
. E3:08. NDT Records ! Butt welding-H pileJpg tony 2017-04-28 00:29:03
Dally U pd ated £38.1 NDT-Ultrasonic Test R
B.2NDT-Radiographic Tet . Dimension inspection.jpg tony 2017-04-27 19:13:39
8.3 NDT-Magrietic Test R

Manufacturer’s
Data Book

51 09. Hydrostatic Test Report
E710. Welders-Personal Qualific
E111. Annex
B3 1.1 Calibration and Certifi
B35 11.2 Calibration and Certifi
[5311.3 Repaired Pipe Record
5 11.4 NDT Applicator Certif

Grinding.jpg

154223053-CNOOD-CN-FR-0081.pdf

154223053-CNOOD-CN-FR-0060.pdf

. Marking.jpg

tony

nancy 2017-04-27 08:51:20

nancy

tony

2017-04-27 19:13:32

2017-04-26 20:55:46

2017-04-25 20:04:40

Documents

Daily

— Flash
Report by
TPI




CNOOD’s Workbench

Application on Android and iPhone

ject Opportunity

Transition Piece Interface Flange-Eas...
CN17HX004 16:47

Cobre Panama Project
CN17HX005 16:45

Concentrate Pipeline Piping Project
CN17HX006 14:04

Pipes - Surathani Oil Terminal Project
CN17HJ002 10:20

2" 4" ERW pipe and Mufa
CN16HM028 2017/07/12

ASTM A106 SMLS Pipes—-95 PFI1 028
SH16HF009 2017/07/12

BIH 718/178 Flange Project

Work Contacts Discover Me

€ Cobre Panama Project

carol 16:45
B-2 HDG PROCEDURE Rev 1.pdf

carol 16:45

B-1 ITP HDG -YONGFENG Rev 1.pdf

i jenna 2017/07/12

Flange welded to branch pipe has been
finished. Grinding is in process.

jenna 2017/07/12
154240470-CN-FR-0073.pdf

2 jenna 2017/07/12

In total, 9 pes of bend have finished UT/MT
test.

£ jenna 2017/07/12

In total, 15 pcs of bend have
finished circumferential welding.

(®]
Message Phato Progress

| sisas 800 R0 oz m s |
& PROYECTO P136: LINEA DE T...

DAP terms requested or get in with a Boﬁvian
bank the warranties. That is my thought.

Kind regards, Cristhian.

PARTE | -INSTRUCCIONES A LOS
PROPONENTES ETR-GT-138-17.docx

PARTE Il Especificacion Tecnica Estructuras
ETR-GT-138-17.doc

PARTE |il- FORMULARIOS DE LA PROPUESTA
FINAL.docx

ANEXO A - MODELO DE CONTRATO.docx

ANEXO B - ACLARACIONES COMERCIALES.doc

FEEDDBERE

ANEXO C - SITIO DE ENTREGA.docx

1 dennis 12:03

the below is the information from Christian
Allende

Hi Helena, an electrical service company in
Bolivia made contact with me to check if we
can supply the transmission towers specified
in the attachment. Some issues regarding this
reauest:
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Caring Number Of Others’ Delightfulness
Creating New Ocean Of Delightfulness

Core Value quire Capacity
* Respect
Team Synergy
* Transparency i i i

Z5
* Trust

G1F

Standardized Management .
System

«  CNOOD™ Work Manual i
+  CNOOD™ Quality Control System
+  CNOOD™ Vendor Audit System

+  CNODOD™ Workbench

e‘Qer:.‘tion

o
<



Electric
Vehicle

* EV Intelligent
Charging Station

Smart Grid

¢ Cloud Platform
* Big Data
Analysis
Renewable * Intelligent
Energy controlling O

®. Wind & Solar
» Biomass /

Geothermal /
Ocean




FLAMEOUR H

Address: 12/F, Yueshang Plaza, No. 1 South Wuning

Road, Shanghai, 200040, China
Post Code: 200040
Tel: +86-21-51688983

EART BRILLIANT OU

4

'/ I TER

Hon :
Address: Suite 1601, 16th Floor,

Chinachem Leighton Plaza, 29 Leighton Road,
Causeway Bay, Hong Kong

Tel: +852-28661200

Santiago Office
Address: Puerta Del Sol N°55, Of 12
Las Condes Santiago, Chile.

Post Code: 7580067

Tel: +56-2-28942016

M e
Address: C/ Nueva Zelanda 27,
Bajo D Madrid, Spain

Post Code: 28035

Tel: +34-965-158467
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Intelligent Service Technology

CIGRE Electra No.189: 2000 {30(36) “150 (170) kVIF B Lk KK E AR5
WEHEIRIG L)

CIGRE 490: 2012 (KRKERREHAKNICHER) ;

b bbb

KF

e JB/T 11167.173—2011 10-110kViE4aiX I8 /3% . ER R MitE;

o GB/T 32346.173—2015 220kV3E84a XIS 53K . 3K Kt
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E :2‘: Intelligent Service Technology
u
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«CIGRE TB 219: 2003 250kVE U TERHMBE RS
M B IR G R 5

«CIGRE TB 496: 2012 500kVE UL TERMEHAFE
ik IR RS

«TICW 7—174: 2012 500kVRE U TERHME ARG
M R RS

«GB/T 31489.1—2015 500kVR U T E&HE BiFa
i IR R G




sk 25 I T B B T g

. ISTCW
WIS - s
* CIGRE Electra No. 171: 1997 CHE S B R M LA A

W HERE IR

* CIGRE 623: 2015 e B G5 H LA R S0 HEE 77D



EUGESE (£

ISTCW

Intelligent Service Technology

+ JFR AT
- TR
+ AL

- A



N RTA
KA
S S ) 4

U,

”

rlnB
r

c

LR LA A8 2 = X L 37 00 AT

/

» = Terperstue
B
- =
T
¥

o Q o
T AL
ST/ i
1] 1
SecricFeld . Becric Alad - Blectc Fiskd
//J\’
X

|
T

ISTCW

Intelligent Service Technology

\ L3 43 541 HL S AR 3

Electric Field

HL 00 A 5 LS R A G
RS 500. EZRFKER:

0-q sinh(B|E|)
E,T)=Aexp(- :
o(E,T)=Aexp( kBT) B
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Intelligent Service Technology

RIS
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Electric field (kV/mm)

WRIE LI LR, HET
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Intelligent Service Technology
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VSC, same polarity negative

LCCor VSC, opposite polarity
switching impulse

positive switching impulse

kv 4 kV 4
AN 1
I \\ :Up1 UO
NG P // t
> t z >
-Up e il

LCCor VSC, positive lightning impulse LCC or VSC, negative lightning impulse
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Him ST EH (VSCRS)
Fr5 58T H (EEZRVE HE

1 24h A EIA (LC) 40 +1.45U,

2 24h A EIA (LC) 40 -1.45U,

3 s g (HL) 40 +1.45U,

4 s B (HLD 40 -1.45U,

5 FAq (ZL) 120 -1.45U,

6 24h R fEH (LC) 40 +1.45U,

7 240t fEH (LC) 40 -1.45U,

8 SmElErbds (S/AIMP) AT H Upyo=1.2U, (HEFE)
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OLYMPUS SLVMPUS

CONFIDENTIAL | ()

Your Vision, Our Future

EhEEyAN

eV T S S S St ol

- NDT, RVI, ANI, IE

- MAS%ZIFERIEE E%5 ( Bruce Wang )
2017.9 ki§
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OLYMPUS Scientific Solutions
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OLYMPUS Scientific Solutions
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OLYMPUS . HRE1EMRRER

Delamination

HEHR

Thickness yissing bond

BE  waf

Width and placing
of adhesive

e IR S

[ owmpus |
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OLYMPUS . [HEIILASZE

T EWrrn

Probe + encoder

| 7}<§§

Y Water Pump

Omniscan
Equipment

N REE
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U RSTER
L shape Support

HRINRRE RREIRZ
Skin of blade Bonding layer

SEGit ¢
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Bonding area
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OLYMPUS It b iR 5

1L 158 L an
N 1519 on . 2614 N 3750 [ 2514

™~
AR AR TN AN TR RS TN Ug ta e PR 20 0
- R
)

VPA 26 |

S 13b —— — %430 240

UG H I AT XA SE TR UG T e BRI e

M EERIRCHBEEIR 5 YR K 2 AR LIEFRIRIR, #EREBRMER 2 F2MZH i8R
You can see from above picture that the Cscan image and real part can match with
each other with “Z” edge shape between bonding area and non-bonding area
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Real part with debonding
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@ OmniPC - 3.2R2
= 7= 1 8 0 zZhangfu_12.0pd * 3 2:14PM OmNIPC - 3.2R2
(4B) . PRF: 02 |55 0.00 mm

m 783 v 2084 [~ 42.00 v 29.84

TCGHERS : 0.0 aB || A3 801 A 000 TADY0 BE029 B 68300 mm B AZT M

CHAHEER =T LA M A T A A 5R B

Cscan image with debonding defect signal clearly seen.
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Real Part of wind blade



OLYMPUS . R1&iBRAER

?:lia')' 12.0 CTBLADE_02.0pd* e e
e 33.60 i 0.33 |0 133.60 S 125.77

LayoutA-C-S - Scound *

SEfFH ISR




OLYMPUS . [HEIILASZE

FPIHIE B SEr FHEIEER
—RABHFICRAASERIBER. ERBAE KEMXER,

== x]

G0H.00

BT L
: BE
i EE
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Put gate at the position to monitor defects inside GFRP, there is no defects
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235 @m 3352 o, 36.00 G

Afith 80 AR 000 BA7090 BE 025 RERSY00 mm BEEET mm
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B _EECIHEa RASK g E F EE A TR

Put gate position at the top layer of glue, there is no defect in C scan image
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" PRF: 42 V:g s 3E: 0.00mm

16.8 % 46.33 [ 32.99 om  46.33

TeolEEE : 0.0dB| ' A 8 ﬁ-m._tu.dn'grﬁ-:nan #2023 G 860,00 mm 2E 3372 mm . SH#K

H ELECHETRREHIERIIXERERIEX  REJLEFEXER FTRRE

Put gate position to monitor the bottom layer of glue, and can see that there is big

area with debonding
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CONTENT [M AG NETEC®] [m%]

4 or more CoolBLUE
Inductive Absorbers
around power cables.

Ground
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IGBT is the source of the Noise and
the current loops back

J

[MAGNETEC®] [ﬁ{,},’;}(]
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currant cutrent
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Figure 5: A schematic presentation showing the circulating

current and shaft grounding current, the latter resulting from high
motor frame voltage with superior machine earthing.



1. What s Common Mode Current?_ AGNETEC” | e

One circle of common mode current is running between shaft - bearing - motor case, it is
called as Shaft Current, it is part of Common Mode Current.




1. What s Common Mode Currrt?_ rcretec | s

Each switching of dv/dt in IGBT generate a high frequency pulse

typical voliage and \ 1 t= 50ps/unit

URITRITRTS mavarjable T=250ps
speed drive (inverter) —
used in future Powernet . il ™
systems. Those i i i
unwanted rf-signals are

distributed over all e e

S 1
| 1 ‘
ek gl

fundamental wave 4 kHz

harmonics 0 20 40 60 80 100 kHz [f] |
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The common mode noise is distributed by Conducting & Rediation

e.g. asyn-
chronous
motor of

radiated noise  capacitive and conducted noise
distribution inductive coupling  distribution

ESP I
2 .
I SpRcs —=— rf-drain
emission Us S—
variable o 1mmn
voltage & radiation

- frequency

scenario: propagation of rf-noise

variable speed drive (inverter) = noise source
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There're 2 practice capacitance in bearings

~ n e =

< motor case

motorcase

high current

C ceramic

iH

Coail

IGBT
RF-

voliage
Source

axis




1. What s Common Mode Current?_ AGNETEC” | e

The higher the frequency of shaft voltage is, the less of impedence from insulation material,
the decrease of impedence allows more & more current to flow

1,000

74 r 100 4
. S N
£ 12 gow N S16VL041
% 316141 1 T
: 7-—"_"-"m- —_— \
i E a1
k] 68 i TN

6,6 100 1000 10000 100000 1.000,000

Frequenz [Hz]

100 1.000 10.000 100.000 1.000.000
Frequem[l-lz] Abb. 9: Gemessens Impedanz in Abhangigkeit von der Frequenz



2. Problems Gererated by CMC _ AGNETEC” | e

The common mode current works like an EDM current when it goes through bearing.
Phasei ground #oilage
R

Bearing current/
i t

1]

2 |
: TN
> |

I

Time [ps]

Current [A]

- -




2. Problems Gererated by CMC _ AGNETEC” | e

It generates sparks on the rail of bearing when it goes through the balls.

FD-Driven Motors [

?could look ke this
just 3 months!




2. Problems Gererated by CMC _ AGNETEC” | e

Contaminate the power net, Reduce the reliability of power net, Affect to all electrical
components J

It is one of the main resource of EMC - EMC problem has been a HIDDEN KILLER!

For inductive load parts, Increase Losses/ATemperature/Noise/Insulation Damage

For capacitence parts, generate Over Current/Over Voltage/Resonance/Burned

For communication parts, produce Skin Effect/Wrong Signal/Burned

It produce shaft current in motor or generator, and damamge bearing with EDM




2. Problems Gererated by CMC _ AGNETEC” | e

Testing Standard for Wind Power Generator

IEC 61000-4-7 (GB/T17626.7-1998) Electromagnetic Compatibility (EMC)

Limit of Shaft Voltage & Shaft Current.

Shaft Voltage < 0.5V (GB/T023479.1-2009, Term No. 6.7)

Shaft Current < 1.5A/mm? ( (BN TREFM-HHLE) )

Shaft Current < 0.7A/mm?2 (SKF, FAG)




3. What s Nancrystallne Core?_ (MAGNETEC” | i

Ribbon Shooting Process

liquid metal under pressure,
T =1200°C

melting furnace

. ) «— ceramicnozzle
induction

heating
amorphous strip
4 20-25 um thickness
v = 100km/h
—_—
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Slitting of Ribbon with high precision knives




3. What s Nancrystallne Core?_ (MAGNETEC” | i

Automatic winding process of tape wound cores




3. What s Nancrystallne Core?_ (MAGNETEC” | i

Anealling for magnetic-field treatment




3. What s Nancrystallne Core?_ (MAGNETEC” | i

Epoxy Coating for protection or with a plastic case

-
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Available Shape
Round Oval Rectangle Plat Profile
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MAGTEK |

Max. Size 500mm / Lowest Peamability 100 / Max. Saturation Current 11857A

IEEEeEE). | Max. 500

) | owest 100



4. solutions to CMC | MAGNETEC” |

A. Grounded Brush or Ring

A routine is given for

leading CMC to ground.
|

The CMC is still moving in |
system.

It is a wearing part,
maintenance work needed.
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B. Insolated Bearing Housing or Insulated Bearing

It is a wearing part |
maintenance work needed. JEEENS

Very expensive part,
especially for big size ones.
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C. Ferrite Cores

Reflect the CMC back.

Easy to be saturated.

Sensitive to temperature.




4. solutions to CMC | MAGNETEC” |

D. Nanocrystalline Cores




T T ey

General Solution for EMC Solution in a Single PCB - LCR Filting

filter
1.
1l . o
it EE % i
C,, X-capacitor

C,, Y-capacitor
L  cumrent compensated choke
R discharge resistor

components of EMI filters
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[ent

the load current is not affected by a current compensated ||
choke, but the rf-common mode noise is




5. How Nanocrystallne Core Works? AoneTeC |l

Why it can produce resistance to high frequency pulses?




5. How Nanocrystallne Core Works? AoneTeC |l

Performance Graphiof L-F -R

100 o <
= [Higher F, Bigger R
dﬂ v
80
/160 —— Mm-617
: — M-117
40 —— M-457
20
watl | 5
[Higher F, Less L ] 10k 100 k 1™ 10M 100 M
’ Frequenz / Hz
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Analysis for Induction Voltage & Current Inside A Nanocrystalline Core

LN SFHHEL — MR N BN, S5 ( BTERUAASR—AEEE, £ )

AR — AR . SRR, RARN SRYER K ERMN BT (D, H:
MM RIR, BEETAE XA B
AR AR |=4.440-fn/R

AR A SR R, 322SR ) — B8 ) Bk
NEKFEERYE, BHLKZZRMASTERY \ HH#: R--EEVFEAHBME, Q )
& SRR BRI SR IES) . R

’ E& W L7 E, :
ERMEF R AR EHE (B) , B Ty ~
E = 4.44@-f-n ®=BS
B= po'pr'l'NILFe

Hre: ©-- TR HEGEE, Wb \_ Ho= 41107 )
f-- XAHIHWIINE, Hz
n -- & BT R Bl B M 8, 7E Hhn=1
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Why the induction voltage could warming up the nanocrystalline cores?

(BRI R R AR 2 R A )
a. VL2 B BN S

(b BT CRRANRED)

~

Q=R
e=-d g/ dt
Her: Q--FEHHRK, J
Hear: ¢ -- &R EEPBEN RN ESE, V |- EROREE, A
O -- HLEEE, Wb R-- SRMAERHIE, Q
\ t--BfE, S J \ t-- SR, S )
(s N (o wnaax h
5=500/\f(800°C). Q=C-M-AT
. f--FHFEK, Hz . C-- MR E AT - 5=
L o - MHIRE, ZK (mm) ) L M -- MR R & )
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Features of Nanocrystalline Cores

Easy to mount and to retrofit _
Installation of

NaLA Cores CoolBLUE Core

Easy to select y 9 4

S NalLA
Cores

from VFD

to Motor

Effect is immediate seen (Sum Peak Current)

Working parallel against conducted and radiated emissions

Maintenance free

Workingtime over decades (when correct designed)

CoolBLUE

Low cost compared to other sollutions like Hybrid Bearings K el
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Each switching of PWM Wave generate a high frequency common mode current

T I DPO 3084 Gl on Csedl] R o
2 om e e i DA _
Tekitronix DPO 3054 Digitnl Phosphor Oscilloscope “
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Install a core stack onto the cable between VFD & Motor, with short circuit cable closed




. Domorstrsion of Improvemar:_ A0 o

Check the displaying of Icm before & after opening the short circuit cable

lhklmnls DPO 3054 Digital Phosphor Osecillo e m
‘ RN o s
) I

Tekaronix  DPO 3054 Tigial Phosphon Osilloscope z -

10, nua
B+ 12.0400ms 10k 'il
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MAGTEK |

Testing for a 300W Motor + VFD, Max. Icm = 13A, about 50% less with nano cores

Change of Common Mode Current with & )
without Cores

* St
= Amev
= noow
= Jamev
= ttoen

'8
T
Z
huA
=
|
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Damaged bearing of a break roller test stand due to CM current

Picture 1: Inner ring tread with axial current marks (corrugation)
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Check the value of CM current, max. Iss about 86A

Tek Ju ® Stop M Fos: 1.040ms
-

M 50.0ms

26-Mir-13 13:48
Picture 2,2: CM current at drive output
20A/Div, 50ms/Div > Iss ca. 86 Amps

Picture 2,1: Original condition

MESSUNG

CH2 Aus
Les

CH3 Aus
Uss

Math,
Aus
LUss

CHY Aus
Uss
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With 2 cores of M-111, max. Iss goes to 49A

Tek =i @ Stop M Posi 2000 s MESSUNG
+

)i CH2 Auis

CH3 Aus
Uss

\..- r ;"I.’- .,-. "l:.‘.l;-l“;.-‘:_;-..-- i Math,
] Aus
Liss

CHA Aus
Liss

£ S < N - M 50.0ms
b - 5 26-Mar-13 15:34 -
Picture 3,1: Use of 2 cores M-111 Picture 3,2: 10A/Div, 50ms/Div > Iss ca. 49 Amps
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With 3 cores of M-111, max. Iss goes to 42A

Tek Tl @ Stop M Pos: 0,000s MESSUNG
+

il T | CH2 Aus
L R A (L ML L Liss

CH3 Aus
Uss

e L s okl ) Rk b P S
Aus
Uss

CHY Aus
s

M 50,0ms
26-Mar-13 16:02 I
Picture 4,2: 10A/Div, 50ms/Div > |ss ca. 42 Amps
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Check the Earth Current what is flowing back to VFD, w/o cores Vs. with 3 cores

Tek Ju = @Stp MPosi 200005 MESSUNG Tek Ju os:oo MPos: .400us  MESSUNG

+ EH1
| "

i CH2 Aus & CH2Aus
i A Uge Lss
[ J !
) ARl \AAL I\ CHS Aus m CH3 Aus
Er Y ad iy |.~: 7, ‘\\;-‘\;M‘?» e "
1,‘ ; Math W Math,
i Aus Aus
Uss lss
CHA Aus CHA Aus
Uss Uss
i1 5004 MI0.0us CH1 J 1362 CHT 200A%R HS‘DU,IIS CHY 7 4480
26-Mar-13 1352 iz 26-Mar-13 16:08 £,3916H:
Picture 5: Original condition Picture 6: Use of 3 cores M-111

5A/Div, 10us/Div > Iss ca. 24 Amps 2A/Div, 5us/Div > Iss ca. 9 Amps
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Check the shaft voltage, from 37V to be 14V

e tlop L b

{

I Shaft grounded | not grounded

Shaft not grounded

i (. || @7 e e S ] e | W
(@ 2y 437 2 wx e A uim . wav fer W s em | =
Picture 8: Original condition Picture 9: Use of 3 cores M-111

5V/Div > Uss max ca. 37V 2V/Div>=Ussca 14V

Picture 7: Measurement position at BS shaft end
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Check the shaft current, from 7A to be 2A, more than 70% down

B | | ) e e T )
gumy TR W m B — g S e M e ——
erll;,ill - .:;r.lnu
Picture 11: Original condition Picture 12: Use of 3 cores M-111
2A/Div > Issmaxca. T A 1ADiv>Issca.2 A

£

Picture 10: Measurement position between BS shaft end and plinth
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Comparasion between Ferrite Core Vs. Nanocrystalline Cores

14
;1,2 --—=___\ NANOPERM?®
=
= """-..\
) - y
£ 0.8 mmax for f—
- =
B e , Ferrite:
= Ferrite +hout 120°C
5., | e e REESUEIORC
'; ] \
o] T38
Z ™
g b2 \\

0

S~

0 100 200 T [°C] 300 400

saturation flux density as a function of temperature T

50.000 ———

40.000

20.000

Femite: |
NANOPERMY | | 2bout 120°C
30.000 ———— | — | - ;
—----q-"'h_- \;
Fd Si—ri==3l
|Ferrite \

permeabiliy @ 10kHz/3mA/em

0

10.000 1 =1
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permeability as a function of temperature
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Solution for 2MW Wind Power - Which has been working reliably for more than 10 years

|
=i

I “‘ .||"‘| ‘!‘ A 1
~ 1 R

4pEm
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Solution for 2MW Wind Power - Huaneng Tongyu Tuanjie Wind Field

I A

@7.85515kHz

‘JM%MﬁQM“¢Mmﬁ%M¢“

o =
Hemse | [ |
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5. Appliction Case | MAGNETEC” |

Solution for 2MW Wind Power - Neimeng Chifeng Wind Field

=N
o |
- i

i -
= I]
- |

oy
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Solution for Wrong Switching on 4MW Wind Power - Offshore Projects

(50Hz) = 4.131, THD= 281.86% (50Hz) = 3.854 , THD= 179.74%
T T T T T T T T T T T T T

s Without Cores ] With 6 Cores

1 i

(18 4
"

0 05 15 3 35 4 45 s

x10%

1

2 25 2 25
Frequency (Hz) Frequency (Hz)

FFT analysis

(50Hz) = 3.684 , THD= 102.95%
T T T T

With 12 Cores

sl

2 25
Frequency (Hz)

05 1 15 3 35 4 a5 5
3
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Solution for 250KW paper machine




8. Applcation Case._ AoneTeC |l

Solution for other Industry Facilities




5. Appliction Case | MAGNETEC” |

Solution for Electrical Cars
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To Be A'Specialist of EMC Solution
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Background
SR RS ES Discussion in progress if 3+1 or 3+3 — LSOH 20/35KV 3;1:;)r
RS RSy 3+1: MV cable for loop and fixed part. 20/35kV 3+1
3+3: transformer from LV to MV in the 20/35kV
HEITFXWLERREG  nacelle. Same cable for loop and fixed part. 3+3
_ LSOH 21/35kV
1 core — SCREENED (20/35 kV) — LSOH
HPEXAGRREY ( ) 20/35 kV 1

3+3: transformer from LV to MV in the
HohEXHLERAEE  nacelle. Same cable for loop and fixed part. 6/10kV 3+3
- LSOH

A TUVRheinland”
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Bac/(ground

KFREEIBHEIRELS |, FIR2PIGHARE—HEI IR,

GB/T 29631-2013 FRFEFIEL 83KV TR AP0 A BARA4S
GB/T 33606-2017 EREREE6KV(Um=7.2kV)ZEI35kV(Um=40.5kV)X|. /3% F FEfiTHE
G
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L7 IsEE. BMREBL% FRELPE , AR,
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Introduction
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{Flexible and torsion resistant cables of rated voltages from 6 kV
(Um = 7.2 kV) up to 35 kV (Um = 40.5 kV) for use in wind power
generation system)

2016528 IR

20165E38  @AtH
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1, {EREHR :
BREFRE 6 KV B 35 kV XD RER RS SEI RSt AR 40

2, BBEFLE :

3.6/6(7.2)-6/6 (7.2) —6/10 (12 ) —8.7/10 (12 ) —8.7/15 (17.5) —
12/20 (24 ) —14/25(30) —18/30 ( 36 ) —20/35(40.5) —21/35 (40.5 ) —
26/35 (40.5) kV
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2 PfG 2630/06.17

3. IEEE1THSHEEEE
IEEIEIT/H90°C, 888 ( BRIIF4E5s ) /9250°C

4, BEENHIERE
~EEE : -25°C~+60°C (JE(TAY ) ; 0°CLAL ( BiRAT)
~fif A : -40°C~+60°C (E(TRY ) ; -15°CLAE (BiRAT)
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5. &S
5.5 BNARIKHIZERE
40 °C (MERBY ) oo - 40
= 25 O - 25
Type Rated voltage/kV Core specification/mm?
WTFGBG- (H1/H2) -25/40
WTFG8U- (H1/H2) - 25/40 3é?é6 _f,?éz)
; )- 8.7/10 (12) prasel
Z5{40 8.7/15 (17.5) Sl 't earti) . 25300
WTFG7G- (H1/H2) -25/40 A 3 (phase) +3 (earth)
WTFG7U- (H1/H2) - 25/40 50 e,

WTFG7V- (H1/H2) - 25/40
WTFGTM- (H1/H2) -
25/40

21/35 (40.5)
26/35 (40.5)
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6. &3

Design -> 1 3+1 3+3
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6. 4t
FrEBsNEEERFR.
N eE -

Table 5 Nominal cross-sectional area of metal screen

- _%}Eéig,:'ﬂ:l . Nominal cross- Nominal cross-sectional area of Nominal cross-sectional area of
e e i EAN sectional area metal braid or helical wire earth core
mm? mm?2 mm?2
= —ﬁjﬁfiﬂﬁé% ; Single core Three cores Single core Three cores
T 25 4 3x10/3 / 3%6
iﬂ;}é%"ﬂ' 35 4 3x10/3 / 3B
TTHBSILY 50 6 3x16/3 ] 3x10
70 6 3=16/3 / 3=10
85 6 3x16/3 / 3=10
120 10 3%25/3 / 3x16
150 10 3=25/3 / 3x16
185 10 3x25/3 / 3x186
240 16 3=35/3 / 3x25
300 16 3x35/3 / 3x25

MNote 1: Single core cable shall use helical or braid wire screen
Note 2 If the metal screen is a composite structure, the nominal cross-sectional area is the total
area
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8. FEWHIHIERT
8.2 S/ it i

TTINERA 6 kW |, Il RS e —R ;
FEREEN (55+£3) °C, HEXHEEN (85+5) %
[EIHR : f7K18min , GTFI&102min

MBEOHFESERYImER 500 mm AMTIENE IS IKERIEESS | FFABSFREEBSRET |, SIBGREE (12
) . se=HEeNEEERE. BRI E AR TIR. =EinllafrFEilsF
H’J%’SZ%!ZD"F ;

Hi=s

fﬂﬂﬁm‘ 51 @t ( 0 ~1008 ) h AI SlzEEMERE ;JLJEH% ;
F=HIHFEZED 514, it (504 ~1008 ) h ATSIREWSERENE
REDITE

= (0~1008) h , TSFIEBAYSLER , NAKEIT +30%

= (504~1008) h , TSFIEBRITLR , NAFET +15%

7 NI/
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8. FESTARIERER
8.3 thIils
SEREGREIRIN (5+1) % (RELL) | 35°CAY , pHEA6.5-7.2,

SCIGHT ,

HIEERNREAESE (35+2) °C, BEEGRIEXHEEZRE/85%
= i ISHY[EJHETRE 336 h,

» NAAFPBEEK , a7 672 h AUELE XIS

= HIERAIE

» HEHWAIGE , BEIIFENTSKEET AR AIRKERT RN AET £30%.
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8. FEFHIHIERT

8.5 ARZE

BRIGES | RGNS | AR BT EEER150mm
WK S, BREESMIinEYEERAPEE

AWK F4055h |, WILER,

3K 1BEE>60%

=

42 1 8

R Mgl .mm

B SR

. 250 .
BEEAXRENED i B % i
mm SN WWH D
D>10 1 =
20<D<AD 2 == I pemirii 1
10<<D<20 3 — ™ 180
5<D<10 NGE 1A D) = ,
2<D<s5 o No(EE 2 flE D) !
H#
1 Ni=45/D R S e BWE \ ' ,‘ 2
2 Np=45/3D B (3 0, ‘
3 NN, HEEEIBEARE. LA R RN aEy, , &
¢ B—SEUHTEARRARR ST RN RS VIEE 20D E 30D Z 6, AR A NZHY 0.5 mm 898 =
MM PLBUTHER 100 mm $REAECLE 1. |
je = @
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Thank you for your attention
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KULESFOR CLASSFICATION GF
I& High Speed. Light Craft and
Naval Surface Craft
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Composite Materials
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MANAGEMENT SYSTEM
CERTIFICATE

DNV-ISO 9001 2008
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MANAGEMENT SYSTEM
CERTIFICATE

Swancor Industrial Co., Ltd.

No.9, Indisty South 6 Road, 54066 Nartou Gy, Tawan, RO.C.

i standard

MANAGEMENT SYSTEM
CERTIFICATE

DNV-OHSAS 18001

Swancor Industrial Co., Ltd.

DNV-ISO 14001
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FUTURE PIPE INDUSTRIES

HITACHI Water & Process
Inspire the Next } Technolegies

BATEMAN [JJUADRANT

ENGINEERING PLASTIC PRODUCTS
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