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The background

The application of Technology Qualification (risk based) process as described in DNV-
RP-A203 has been adapted to marine renewables for the first time in the Guideline for
Design and Operation of WEC, 2005 (commissioned by the Carbon Trust to DNV
during the Marine Energy Challenge)

Certification of wave and tidal energy converters have been carried out by DNV having
the Technology Qualification as the core of the process since 2008 when the DNV-
0SS-312 was issued

The ETI ReDAPT Work Package No.8 (MC8) was established to deliver a draft
certification standard as the industry perceived the need to specific requirements to
be derived for the tidal industry to lower costs bringing a harmonised approach to the
industry.

After almost 3 years of work, in December 2014, the draft certification standard for
HATT was delivered after consultation with ReDAPT partners and main stakeholders.

Since then, the scope of the standard was expanded and the contents were divided
into a Service Specification (DNVGL-SE-0163), with the certification requirements and
procedures, and the Standard (DNVGL-ST-0164) with all technical content.

External hearing has been concluded and work has been complete to address the
comments (—200) and to conclude both documents.
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The challenges

The standard for tidal turbines has to face some difficult challenges
= How to address the novelties and uncertainties?

= How to define success criteria?

= How to communicate the tidal turbine features to all stakeholders?

= How to provide requirements for design, manufacturing, etc covering different
technologies?

= What is the minimum content for an useful standard?

= And finally, to be able to produce the standard itself...
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The Development Process

1

- )
Define

"Generic"
Turbine

Configurations

- /

5.
/ Review of \

Existing
Standards vs.
Areas of "High

Risk™ and

\_hovel aspects /

After ReDAPT

=

<

2.

Apply a
"Technology
Assessment" to
each aspect of
the "Generic"
Turbines

Generation of
new "Draft"
Standard

Expand
content (steps
1-6) and align

with DNV GL
SEs and STs

=

3

\¥

FMECA from

Assessment”

\

Generate a

the
'Technology

)

/.
a

-

Review of new
Standard by

Stake-Holders

~

selected

/

10

/'

\

Internal and

~

External
Hearing

)

=

8.

of "High Risk"
for increased

the Standard

8 J

dentify Areas

focus within

v

(¥

~

Issue Draft
Standard for
HATT

)

11.

Issue of new
Standard and
Service
Specification
to Industry

7 DNV GL © 2013

DNV-GL



Generic Turbine

The generic tidal turbine can be divided into 15 subsystems:

= FOUNDATION FIXINGS
= SUB-STRUCTURE

= STATION KEEPING

= NACELLE

= BLADES

= HUB

= PITCH SYSTEM

= YAW SYSTEM

= DRIVETRAIN

SEALS

BEARINGS

AUXILARY SYSTEM

ELECTRICAL SYSTEM

PROTECTION AND CONTROL SYSTEM
CORROSION PROTECTION

A further breakdown was performed defining the DRIVETRAIN
content and boundaries of main sub-systems and Gearbox

components in order to perform the risk

assessment (to a reasonable level of detail
considering the generic nature of tidal turbine)

Gearing

Input bearing

Output bearing
Inner bearings

and to support the derivation of a complete set of Inner shafts

requirements.

Lubrication system
Oil cooling system
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Scope of the Standard DNVGL-ST-0164

= Tidal Turbines fixed to seabed and floating
= All phases and stages that are required to achieve a successful product.

= Principles, technical requirements and guidance for the design, construction and
in-service inspection of tidal turbines

= The technical basis for certification activities covering structures (including blades,
rotor, nacelle, supporting structure and foundations), machinery, safety, controls
& instrumentation and electrical systems.

= Transportation, deployment, commissioning, retrieval and in-service inspection
are taken into account to the extent necessary in the context of overall
certification and risk to the success of the technology.
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RISK AND..TECHNOLOGY QUALIFICATION

Application Technology status
area Proven Limited field | New or
history unproven
Known 1 2 3
New 2 3 4
Notes:

1: No newdechgirsichallerges 2: New technical uncertainties

3: New technical challenges

4: Demanding new challenges

Certification Basis Assessment

Technology Assessment

Y

Failure Mode Identification and
Risk Ranking

Y
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— 7
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Standard’s Main Features

A. Safety Philosophy

DEFINITION OF SAFETY LEVELS

B. Site Characterisation
Limitations on the data characterising the site

Safety | e probabitity | With the objective to obtain design parameters is,
Level of failure - -
for now, the norm in the tidal sector. A
Operating conditions where failure implies high risk of human <1073 per . R L. i R . R
High injury, significant environmental pollution or very high economic | annum com b| natlon Of minimum pe rl Od Of | nveStI gatl on
or political consequences (p-a.) - . . . .
: — —— and limitation of the instrumentation normally
For temporary or operating conditions where failure implies: risk . . .
of human injury, significant environmental pollution or high used to collect site information makes the level of
economic or political consequences . h . h d h . ﬂ . h
Normal This level normally aims for a risk of less than 10 per year of a <10 p.a. uncertail nty ve ry Ig anda, as suchn inriuenci ng the
major single accident. It corresponds to a major incident ove ral I co nfl dence on the deS|g N param eters used
happening on average less than once every 10,000 installation -
years. This level equates to the experience level from major UNCERTAINTY SITE FACTOR
representative industries and activities.
- — - — - - Characterization Ys
Low zs(lih:;;rggllifsc(l)%‘:egjgnti?uman injury and minor environmental | _, . p.a. Statistically derived with several years’ data from the 1.00
location.
1 month measurements at site 1.05
Incomplete measurements at site 1.25

C. Loading and Calibration of Load Factors

LOAD FACTORS FOR ULTIMATE LIMIT STATE

REQUIREMENTS FOR DESIGN FATIGUE FACTORS (DFF)

"
w‘

permanent

dmsrgrmgamst ship 1mpacts and for local design of
platforms
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A5lé?@

Load Load categories Stru.ctural elen}ent Ri§k .
factor Limit E accessible repairable Low Medium High
ot |State| G Q Risk / Safety class D v v 1 2 3

Low |Normal| High v x 2 3 6
(a) |ULS [1.25 [1.25 0.70 ¥ 1.0 x x 3 6 10
() [ULS [1.009]1.00P[1.109] 1.359]1.60[1.0
(c) |ULSa|1.00“|1.00® 1.10 1.0
(d) [ALS [1.009]1.00®]090 | 1.00 [1.15
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Standard’s Main Features

D. Station Keeping E. Blades

LOAD FACTORS FOR MOORING LINES . . . .
Requirements for materials, design and construction and

Limit state Load factor Risk testing of blades is provided with specific aspects for
Normal High tidal environment. The target safety level is set to
ULS Ymsan 1.30 1.50 normal (annual probability of failure of 10-4) that is
X]L“g Vayn }gg ?38 consistent with the risk assessment for the blade for the
.}'fmﬂﬂﬂ . . . .
neri rbine.
ALS Yayn 1.10 1.25 generic turbine
The design tension T; in a mooring line is the sum of two F. Protection and Safeguarding

factored characteristic tension components Temean and T gym,
The philosophy and requirements regarding protection
Ta = VYmean™ Temean + Yayn™ To.aym and safeguarding is to be aligned with the results of risk
assessment in order to identify the functions of the
the characteristic dynamic tension and T is the design tension. protection, control and safety systems for efficient and

The load factors for loads with 50-year return period are safe operations, The requirements contributes
presented below. essentially towards reducing risks as through:

In which Temean is the characteristic mean tension, T,y 18

+ ensuring that tidal turbine and its components are
always kept within their design limits,

* preventing damage of the tidal turbine components
due to internal faults (e.g. leakage, short circuit) , and

+ control of hazards i.e. potential sources of physical
injury or damage to the health of persons, of damage
to investments or of damage to the environment, or
reduction of the risks related to these hazards.
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Certification of Tidal Turbines and Array - DNVGL-SE-0163

Main Principles

= The certification process and its requirements and procedures are defined in the
Service Specification (SE-0163)

The technical requirements for certification are defined in the Standard (ST-0164)

Similar deliverables and terminology used in the Wind Industry (there are similar
stakeholder across renewables)

Certification process in agreement with the practices in the Tidal Sector
Risk-based approach

Scope

= prototype, type, project and component certification of tidal turbines or tidal
turbine arrays;

= all types of turbines and their support structures, fixed or floating;

= all types of substation(s) including support structure(s), power cables and subsea
connectors; and

= onshore balance of plant.
It replaces the following service specification and guideline:
= DNV-0SS-312, Certification of tidal and wave energy converters

= GL IV-14, GL Guideline for the Certification of Ocean Energy Converters, Part 1:
Ocean Current Turbines.
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DNVGL-SE-0163 Service Overview

Certification phases

Certification modules for the technology qualification
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DNVGL-SE-0163 Service Overview

Certification modules for prototype, type and project certification

Statement of

Design Basis Assessment - Compliance
Statement of
Design Assessment > Compliance
Statement of
Manufacturing Survey > Compliance
Evaluation of Testing and Staten’:fant of
Characteristic Measurements —\‘T\
Statement of
Transport and Installation Survey > Compliance
Commissioning Survey Ll Report
Final Evaluation - Report
\\——/”"-—_"\.‘

!

Certificate
DNV-GL

— 7T -

Periodic In-Service Inspection

¥Rep/ort-\}
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Certification of Tidal Turbines and Array - DNVGL-SE-0163

Main deliverables (Phases)
— Statement of Feasibility
— Prototype Certificate
— Type Certificate
— Component Certificate
— Project Certificate

Statements of compliance and reports (Modules)
— Certification basis
— Certification plan
— Design Basis Assessment
— Design Assessment
— Type testing and characteristic measurements
— Manufacturing survey
— Final evaluation
— Transport and installation survey
— Commissioning survey
— Final evaluation
— Periodic inspection
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DNVGL-SE-0163 —Contents

Three main sections.

= SECTION 1 Introduction and description of tidal turbines and arrays
= SECTION 2 Provides the overview and main principles for certification

= SECTION 3 Describes the specific requirements for the different certification

modules.

SECTION 1 INTRODUCTION

1.1
1.2
1.3
1.4
1.5
1.6

GENERAL
ORGANISATION
OBJECTIVES

SCOPE OF APPLICATION
DEFINITIONS
REFERENCES

19 DNV GL © 2013

DNV-GL



DNVGL-SE-0163 —-Contents

SECTION 2 SERVICE OVERVIEW

2.1 GENERAL CERTIFICATION PROCESS

2.2 CERTIFICATION SCOPE FOR THE TECHNOLOGY QUALIFICATION
2.3 CERTIFICATION SCOPE FOR PROTOTYPE, TYPE AND PROJECT CERTIFICATION
2.3.1 GENERAL

2.3.2 DESIGN BASIS ASSESSMENT

2.3.3 DESIGN ASSESSMENT

2.3.4 MANUFACTURING SURVEY

2.3.5 EVALUATION OF TESTING AND CHARACTERISTIC MEASUREMENTS
2.3.6 TRANSPORT AND INSTALLATION SURVEY

2.3.7 COMMISSIONING SURVEY

2.3.8 FINAL EVALUATION

2.3.9 PERIODIC IN-SERVICE INSPECTION

2.4 DELIVERABLES

2.4.1 GENERAL

2.4.2 CERTIFICATES

2.4.3 RISK ACCEPTANCE

2.4.4 STATEMENTS OF COMPLIANCE AND REPORTS

2.5 VALIDITY AND MAINTENANCE OF CERTIFICATES
2.6 CLIENT OBLIGATIONS

2.6.1 DURING DESIGN AND MANUFACTURING

2.6.2 DURING OPERATION AND IN-SERVICE
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DNVGL-SE-0163 —Contents

SECTION 3 SERVICE DESCRIPTION

3.1

3.2

3.2.1
3.2.2
3.2.3
3.2.4
3.2.5
3.2.6

3.3

3.3.1
3.3.2
3.3.3
3.34

3.4

3.4.1
3.4.2
3.4.3
3.4.4

3.5

3.6

3.6.1
3.6.2
3.6.3
3.6.4

CERTIFICATION REQUIREMENTS

TECHNOLOGY QUALIFICATION

GENERAL

CERTIFICATION BASIS

TECHNOLOGY ASSESSMENT

FAILURE MODE IDENTIFICATION AND RISK RANKING
CERTIFICATION PLAN

TECHNOLOGY DEMONSTRATION

PROTOTYPE CERTIFICATION

GENERAL

SCOPE OF PROTOTYPE CERTIFICATION

VALIDITY OF THE PROTOTYPE CERTIFICATE
DOCUMENTATION FOR THE PROTOTYPE CERTIFICATION

TYPE CERTIFICATION

GENERAL

ScopPe OF TYPE CERTIFICATION

VALIDITY OF THE TYPE CERTIFICATE
DOCUMENTATION FOR THE TYPE CERTIFICATION

COMPONENT CERTIFICATION

PROJECT CERTIFICATION

GENERAL

SCOPE OF PROJECT CERTIFICATION

VALIDITY OF THE PROJECT CERTIFICATE
DOCUMENTATION FOR THE PROJECT CERTIFICATION

21 DNV GL © 2013

DNV-GL



Conclusions

= The capacity to deal with different business models and technologies is an essential
feature of the standard.

= The content of the standard is flexible to deal with different risk levels for different
technologies, development stages and business models.

= To the experience accumulated by DNV GL through certification process, data from
ReDAPT has allowed to better define requirements in critical areas such as site
characterisation, loading, simulations, design load cases and calibration of load
factors and DFF.

= As a multi-discipline standard, the standard content aims to provide sufficient
coverage of all aspects that are essential to the overall survivability, reliability and
performance.

= However, it is important to recognise that the tidal sector is at an early stage. The
information and experience from the future deployment and in-service life of more
tidal turbines will provide the basis for fine-tuning the present requirements.

= Nevertheless, the principles, methodologies and systematics at the core of the
standard are a good platform to progress and control the present knowledge
limitations and uncertainties and the future development of the technoloqies.
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