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Technology Development Trajectories

How Well

Performance Metrics:

* Energy capture

* Energy output

* Power density

* Fatigue life

* Deployment time
* Capacity factor

* Material use

e Safety

* Sound

* Installed capacity
* MW/weight

* CapEX

* OpEx

* Availability

* LCOE

* NPV

* TPL

How Good

|

Technology Performance Level (TPL)
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Technology Readiness Level (TRL)

What & When: Development Stages

4 4] 6

How Ready

7

Market Entry

What to Do

Stakeholder
Requirements:
* Over Lifecycle

Functional
Requirements:

* Clear

* Complete

* Solution agnostic

Development:
* Cost

* Time

* Risk

* Success
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Overview of Topics

Functional Performance Metrics Technology
Requirements Identify, collate: Assessment
* Lifecycle analysis = Quantitative and Development of:
e Stakeholder gualitative cost and * Assessment
Requirements performance drivers methods
* Functional = Performance e Assessment tool
Requirements metrics « Single criteria
* AWE markets " Trade-Offs thresholds
specific * Cluster assessments
* Guided expert
judgement
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Functional Requirements
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“, ~
e, Financiers
™, and !
e, Investors Regulatory/ Continental

Inspection
Agencies

Grid

. enet
public opinion: &7

Electric Power

gy ¥

Functions

Wave Evergy Farm

F1 Generats &

Defiver Electricity
Trom Wave Power

2.1 Evaluate the
= farm and the

LT Moo farm
FLL3 Sersa anvrenmantal

oneition e far
atpttaan o over
——

| FL2 Agprmaste power
from difarent scurces

FLLL Trans; v
fromdifersnt sourcesto
sggrogetian paint

Procurement
& Construction
Supply Chain

Operation &
Maintenance

[[ry—

hegic
Frias
s2238
F2137 sk

pr F14 Contrul Fustion

F23 Communice

L thetorm.its
BT ang
andmnmant

128 gy energy 1o
" WEE Farmn systerni

F1S Furcute

renpomses ta plant

[™ s conzrolacrionain

rabin gonril

- FLE Costrol internal
e At grdiaaing

o1es 2

Inkprity of Farm

F3.0 Mrel o eend
b stardards/ achieve

[CRTTER
traazsortiton

exrtifestions

F3.2 Megt o eneeed
I~ regaletery
a0t

F1L3 Parforn

b protecrive scronsin

F14 Pratest

[
sabintars.

raries enamasast
F1.5 Execats eafuty
= actions i cther usets
ol the e ipaie

F35 Parforn mate-
e anatysis of farm
‘ooaraton)

FAL [rab

swbmaatan

A3 Enabla bcce
= misrcenane
Porarse

|, 44 Erable adequate

e ar
daatserbie Lub-1ubeysie
sadurmms
#4.4.3 Fromid
subrystamacyn

4 4
r T T T ]
3 Mairtain
Fi: Fradde T
o o poae
and Subspsters. and o

F5.1 Perform ancillary
weid serwies | enehile

| 5.3 Frovide postie

sekial irpact

|| 5t Fuovide coui-

affetting.

IEA Wind TEM #102



Session 4: Functional Requirements, Metrics & Technology Assessment

Performance Metrics

+ il

+ 44

+ 43

Wishlist

Objective — Quantitative — Specific — Measurable
Certain — Precise — Repeatable — Transparent
Straightforward — Simple — Meaningful — Correct
Complete, capturing all relevant aspects
Balanced, reflecting the impact of diverse criteria
Interconnected, reflecting all relevant trade-offs
Independent, no need for subject matter experts

Ease of description, low effort in providing the system description as the basis for
the assessment

Ease of use, low effort assessment process

Fast, short duration of assessment process
Cheap, low cost assessment process

Supported, existing empirical & theoretical tools

Characterizing, capturing qualitative features of additional system performance
information

Flexible, applicable at all development stages
Universal, applicable across systems levels, archetypes

Equitable, providing comparability across different technologies, archetypes,
domains

Established, globally recognized

Construct

TPL + Same level depth

100 + Inputs * Uniqueness, no overlap
Cost and * Over full range
Performance

Drivers

Complicated

Function

: LCOE

4 Inputs
Simple
Function
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Technology Assessment

Information Base Tools

* First principles
* Simulation
* Measurement e ™

[Acceptability:
° V I H d t H Lifecycle Environmental Acceptability
aliaation Social Acceptability and Socio-Economic Impact or Benefit

Legal, Regulatory and Certification Acceptability

e Standards I —

TECHNICAL PERFORMANCE LEVEL ASSESSMENT

Distributed by the National Renewable Energy Lab

Insurability STARY TPL ASSESSHENT Drag and Drep or 5o oc: Pravious &ssessmert . ‘Desmisad Data
. . Market Acceptability by Investor, Financier, Operator, Utility
* Guidelines TPL Score:d 54
Hydrodynamic Wave Power Absorption
. . Internal Power Conversion TPL Assessment Score Cost of Energy CAPEX
* Guides expert judgement PG . . . .

Controllability - Fast - Wave to Wave
Controllability and Adaptability - Slow - Sea State to Sea Statd

o
L] c t t [Short-Te Er St Capabili 5|
er aln y Ava”ab‘my:on ‘erm Energy Storage Capability - .
Survivability 5| ¢ ¢ e e
* Known Unknowns s ] i, § i
Redundancy

., d Inf i il
* Unknown Unknowns e e
Forced Shutdown
|Capital i (CapEx): 6.0|
* Neglected Known Unknowns
Material Types
Mass and Required Material Quantity

:
2,

Manufacturability | s Design Definition: Questen 3
LLCLESERELIT X The WEC should have an design that For cable based mooring systems: what is the ratio of the expected watch circle (largest
Wave Farm Infrastructure (non-WEC Device)
Device ion and Commissioni E minimizes CapEx costs. This should characteristic excursion of WEC) to the expected footprint {length to anchors, L)?
Ma'"tai'fabil'cty 'Ecapix Requirements include a design that minimizes loads, Net Question Score: 7

- CapEx
Redundancy - CapEx Requirements complexity and material costs, yet is still  Coriibionto Design Score 1 .

Loading and Load Bearing - CapEx Requirements
|Acceptability - CapEx

able to function in all expected operating aackeRouLn SCORE GUIDAICE

[Operational Expenditure (OpEx): 29| conditions. Score (0-6):
[Ability and Ease of Monitoring 5| 7 :
[Accessibility 5
Maintainability

Modularity and Ease of Subsystem and Component Exchange
Ease of Partial Operation and Graceful Degradation
Insurability Cost

Planned Maintenance Effort

Unplanned Maintenance Effort

|Acceptability - OpEx Requirements

[TPL_Eco =TPL_Pow x TPL Ava x (0.7 TPL_CapEx + 0.3_TPL_OpEx)
|7Pl,svste 2 TPL_Acc +0.8 TPL_Eco
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Overview of Topics

Functional Performance Metrics Technology
Requirements Identify, collate: Assessment
* Lifecycle analysis = Quantitative and Development of:
e Stakeholder gualitative cost and * Assessment
Requirements performance drivers methods
* Functional = Performance e Assessment tool
Requirements metrics « Single criteria
* AWE markets " Trade-Offs thresholds
specific * Cluster assessments
* Guided expert
judgement
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Thank you for your attention!

Jochem Weber
Chief Engineer
National Renewable Energy Laboratory
Jochem.Weber@NREL.gov
+1 72043154 64
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