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Note: referenced IEC standards reproduced with IEC 
permission and are available for purchase at  
https://webstore.iec.ch/ 

This presentation was produced when the 
laboratory operated as the National Renewable 
Energy Laboratory (NREL). The laboratory is now 
the National Laboratory of the Rockies (NLR).

https://webstore.iec.ch/
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Marine Energy Risk Management

Presentation based on NREL’s Marine Energy 
Risk Framework published in 2024, which 
replaced 2015 version (referenced as NREL 
Marine Energy Risk Framework, 2024): 
– https://www.nrel.gov/docs/fy24osti/90212.p

df
– Or Google, “NREL Marine Energy Risk 

Framework”
– Link on cover page to risk register template 

and FMECA

This risk management framework shall be 
used on all DOE Water Power Technologies 
Office (WPTO) projects that require system 
testing in the open water. 

https://www.nrel.gov/docs/fy24osti/90212.pdf
https://www.nrel.gov/docs/fy24osti/90212.pdf
https://www.nrel.gov/docs/fy24osti/90212.pdf
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David Snowberg’s Background 
(Engineering, Marine Expeditions, and Risk)

• 30-year professional career:

– 15 years at NREL

– Wind energy engineer for original equipment 
manufacturers before NREL

– Renewable energy focus throughout career

• Education and credentials:

– B.S. Mechanical Engineering, University of Colorado 
(CU) Boulder (1995)

– M.E. Engineering Management, CU Boulder (2015)

– P.E. (Mechanical, Arizona registration: 47205) 

– PMP (Certification: 1655274)
Photo by Dennis Schroeder, NREL
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David Snowberg’s Background 
(Engineering, Marine Expeditions, and Risk)

• Past experiences planning and completing several multi-month sea kayak expeditions:
– 87 days paddling solo from Puerto Montt to Puerto Natales, Chile (2003–2004)
– 132 days paddling from Seattle to Bering Sea (2004)
– 51 days solo paddling from Homer to Valdez, Alaska (2006)
– 37 days solo paddling from Fort McPherson, Canadian Northwest Territories, to Prudhoe Bay, 

Alaska in Arctic Ocean (2006)
• Managing risks in a marine environment was critical to success (and survival). Photo from Armada de Chile (Puerto Montt)

Photo by David Snowberg, NREL Photo by David Snowberg, NREL Photo by David Snowberg, NREL
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David Snowberg’s Background 
(Engineering, Marine Expeditions, and Risk)

Risk management is the process to manage uncertainty in any situation.

Questions Process Step
What is uncertain that could harm me? Risk Identification

What might cause this to happen? Risk Identification

What might be the effect of this happening? Risk Identification

How likely is this risk to happen? Risk Analysis

What is the impact of this happening? Risk Analysis

What is the priority of this risk? Risk Analysis

What will I do about it?—and when? Risk Response

What do I expect to result from the response?—is the expected result 
sufficient?

Risk Response

What do I expect to result because of my response? (secondary risks) Risk Response

What is my backup plan? (contingency plan) Risk Response

What has changed since I last considered this risk? Risk Monitoring/Controlling

Have any triggers occurred to indicate this risk may occur?—or should 
response be implemented?

Risk Monitoring/Controlling

Photo by David Snowberg, NREL
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Why Marine Energy Risk Management?

“Risk is an uncertain event or 
condition that, if it occurs, has 
a positive or negative effect 
on one or more objectives. 
Positive risks are 
opportunities, while negative 
risks are threats.”
—Project Management Institute, The Standard 
for Risk Management in Portfolios, Programs, 
and Projects, 2019
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Why Marine Energy Risk Management?

https://www.bbc.com/news/uk-wales-politics-38236014 

https://www.imeche.org/news/news-article/wave-energy-pioneer-pelamis-calls-in-
administrators#:~:text=Wave%20energy%20specialist%20Pelamis%20Wave,advanced%20wave%20energy%20technology%20companies 

https://theorkneynews.scot/2019/03/26/problems-for-wellos-penguin-wave-energy-device/ 
 

https://www.theengineer.co.uk/content/news-analysis/wave-goodbye-aquamarine-power-folds-due-to-
lack-of-private-sector-support 
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Why Marine Energy Risk Management?
2010

https://cleantechnica.com/2010/05/22/massive-offshore-waves-sink-australias-
oceanlinx-wavepower-pilot/ 

2014

https://www.abc.net.au/news/2014-04-02/support-aired-for-
oceanlinx-project-as-creditors/5361898 

2014

https://www.theaustralian.com.au/business/business-spectator/news-
story/oceanlinx-goes-bankrupt-owing-10m/aad66275ffb93a4d33be1ece0d994a97 

2021

“wave generator 
wreckage's partial 
removal to finally 
begin” 

(3,000-tonne structure)
https://www.abc.net.au/news/2021-03-11/works-
finally-begin-to-partially-remove-carrickalinga-
oceanlinx/13237328 
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Why Marine Energy Risk Management?

https://www.comm
erce.wa.gov/comme
rce-rescinds-
funding-for-tidal-
energy-project-
after-tribal-
objections/ 

https://www.nytimes.com/2023/04
/29/world/canada/sustainable-
marine-tidal-energy-
suspended.html 

https://www.oregonlive.com/environment/2013/08/oregon_
wave_energy_stalls_off.html 
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https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.commerce.wa.gov/commerce-rescinds-funding-for-tidal-energy-project-after-tribal-objections/
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.nytimes.com/2023/04/29/world/canada/sustainable-marine-tidal-energy-suspended.html
https://www.oregonlive.com/environment/2013/08/oregon_wave_energy_stalls_off.html
https://www.oregonlive.com/environment/2013/08/oregon_wave_energy_stalls_off.html
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Marine Energy Technology Development Flowchart

Figure 1 from NREL Marine Energy Risk Framework (2024)

• Technology development flowchart is foundation 
of risk framework:
– Design
– Build
– Test
– Lessons learned

• Risks managed through development processes 
and specific activities

• Technology development cycle based on 
technology readiness level (TRL) and technology 
performance level (TPL)

• Cycle applies to components and overall system
• Review gates:

– Design and risk
– Pre-test and risk

• Improve process through lessons learned
• Other technology development processes can be 

used with the marine energy risk framework
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Marine Energy Risk Management Activities

• Reference: Table 3 from NREL Marine Energy Risk Framework (2024)
• Section references are to sections in the framework document
• Risk management activity requirements are based on target TRL for current development cycle
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Marine Energy Risk Management Activities

• How risks are managed throughout development cycle
• NREL Marine Energy Risk Framework (2024) document provides foundation
• Improve risk management plan after each development cycle
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Marine Energy Risk Management Activities

• Project plan is how project is managed throughout development cycle
• Manage project dynamics that may influence risk 
• Consider Project Management Institute’s (PMI’s) A Guide to the Project Management Body of Knowledge 

(PMBOK, 2021, 7th Ed.) for project management guidance
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Marine Energy Risk Management Activities

• Comply with IEC 62600 Part-4 (Technology Qualification [TQ]) 
• Plan for verifying when and how technology meets design requirements and targets
• Graded approach to TQ planning details with TRL
• Test plan a subset of TQ plan
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Marine Energy Risk Management Activities

• List of uncertain events with positive or negative impact on technology development
• Risk register template available on cover page of NREL Marine Energy Risk Framework, 2024 
• Risk register will be described in more detail later in workshop

https://www.nrel.gov/docs/fy24osti/90212.pdf
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Marine Energy Risk Management Activities

• Identify and prioritize possible system problems from component failures
• Analyze failure modes, effects, and potential causes
• FMECA template available on cover page of NREL Marine Energy Risk Framework, 2024 
• More on this later in the workshop

https://www.nrel.gov/docs/fy24osti/90212.pdf
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Marine Energy Risk Management Activities
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Marine Energy Risk Management Activities

• Requirements to be met by technology (e.g., environmental conditions, design standards, controllability, 
etc.) 

• Comply with IEC 62600—Part 2 (Design Requirements)
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Marine Energy Risk Management Activities

• All load conditions that guide design development
• Comply with IEC 62600—Part 2 (Design Requirements)
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Marine Energy Risk Management Activities

• Describes design at current TRL and TPL levels
• Description detail is adequate to build and integrate system and/or component(s)
• May include model code, descriptive text, schematics, build prints, assembly design in form of solid or 

CAD models 
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Marine Energy Risk Management Activities

• Analyze design at current TRL and TPL levels
• Limit state analysis from IEC 62600-2 (Design Requirements)
• Based on requirements and loads from design basis document
• Analysis fidelity commensurate with failure risk 
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Marine Energy Risk Management Activities

• Targets are conditions technology is expected to survive, and strategy is a plan to achieve targets
• Reliability targets may be mean time between failures (MTBF) or mean time to repair (MTTR)
• Maintainability targets may be maintenance free operating period (MFOP)
• Comply with IEC 62600—Part 2 (Design Requirements)



NREL    |    27

Marine Energy Risk Management Activities

• Hazards identified and appropriately managed. 
• Safety integrated into design 
• Environmental, health, and safety considerations occur early, often, and throughout any development 

process
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Marine Energy Risk Management Activities

• Lessons learned captured when they occur and at debriefing
• Formalize institutional learning and avoid repeating mistakes
• Used to improve risk management plan
• More detail will be provided later in workshop
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Marine Energy Risk Register

• More details on a risk register
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Marine Energy Risk Register (Overview)

Figure 2 from NREL Marine Energy Risk Framework (2024). Section 
numbers refer to sections in the framework document.

• Comprehensive list of 
positive and negative 
uncertainties 

• Analysis enables 
prioritization

• Planned responses
• Monitor and control risks 

throughout technology 
development cycle(s)
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Marine Energy Risk Register (Identify Risks)
RBS Level 0 RBS Level 1 RBS Level 2
All sources of project 
risk

1. Safety Risk 1.1 All personnel
1.2 Internal personnel
1.3 External personnel

2. Technical Risk 2.1 Scope definition
2.2 Requirements definition
2.3 Estimates, assumptions, constraints
2.4 Technical processes
2.5 Technology
2.6 Technical interfaces
2.7 System reliability
2.8 Performance
2.9 Security
2.10 TBD

3. Management Risk 3.1 Project management
3.2 Program/Portfolio management
3.3 Operations management
3.4 Organization
3.5 Human resourcing
3.6 Funding
3.7 Communication
3.8 Information
3.9 Quality
3.10 Reputation
3.11 TBD

4. Commercial Risk 4.1 Contractual terms and conditions
4.2 Internal procurement
4.3 Suppliers and vendors
4.4 Subcontracts
4.5 Client/customer stability
4.6 Partnerships and joint ventures
4.7 Levelized cost of energy  (LCOE)
4.8 TBD

5. External Risk 5.1 Legislation
5.2 Exchange rates
5.3 Site/facilities
5.4 Environmental/weather
5.5 Competition
5.6 Regulatory
5.7 Political
5.8 Force majeure
5.9 External stakeholder
5.10 TBD

Table 4 from NREL Marine Energy Risk Framework (2024)

• Identify uncertainties
• Risk breakdown structure 

(RBS)
• Technology life phases
• Risk owner
• Per TRL and TPL
• International standards
• Previous experience
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Marine Energy Risk Register 
(Analyze Risks—Severity or Consequence)

Table 5 from NREL Marine Energy Risk Framework (2024), based on IEC TS 62600-4, 
Specification for establishing qualification of new technology (2020)

Baseline Definitions
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Marine Energy Risk Register 
(Analyze Risks—Severity or Consequence)

Table 5 from NREL Marine Energy Risk Framework (2024), based on IEC TS 62600-4, 
Specification for establishing qualification of new technology (2020)

Baseline Definitions

What to do for smaller-
scale projects? 
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Marine Energy Risk Register 
(Analyze Risks—Severity or Consequence)

Table 5 from NREL Marine Energy Risk Framework (2024), based on IEC TS 62600-4, 
Specification for establishing qualification of new technology (2020)

Example definition 
tailoring for project 
scale (e.g., cost *0.1 
and time shift)

Tailor definitions to a 
project before it starts

Some definitions such as 
safety may not be 
appropriate to tailor

Tailored Definitions
Impact 
(IMPCT)

Cost (C) Time (T)

0 $0K No delay

1 $150 1-day delay

2 $1.5K Less than 
1-week 
delay

3 $35K 1-week to 
1-month 
delay

4 $250K 1-month to 
6-months 
delay

5 $1.3M 6-months 
to 1-year 
delay
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Marine Energy Risk Register 
(Analyze Risks—Probability of Occurrence

Probability Probability 
Description

AFR in % per year 
(up to)

AFR 
(up to)

Frequency of Occurrence 
(up to)

0 Not Possible 0% 0 0
1 Very Low 0.01% 1E-04 once every 10,000 years
2 Low 0.1% 1E-03 once every 1,000 years
3 Medium 1% 1E-02 once every 100 years
4 High 10% 1E-01 once every 10 years
5 Very High 100% 1E-00 once a year

Table 6 from NREL Marine Energy Risk Framework (2024)

AFR = F/(U × T) ×100, where: 
• AFR is the annual failure (event) rate (%) 
• F is the number of failures (or events) 
• U is the number of units tested 
• T is the time period over which the units were tested (years). 

Baseline probability definitions from IEC TS 62600-4, 
Specification for establishing qualification of new 
technology (2020), which presumes mature technology 
being qualified.
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Marine Energy Risk Register 
(Analyze Risks—Probability of Occurrence

Probability Probability 
Description

AFR in % per year 
(up to)

AFR 
(up to)

Frequency of Occurrence 
(up to)

0 Not Possible 0% 0 0
1 Very Low 0.01% 1E-04 once every 10,000 years
2 Low 0.1% 1E-03 once every 1,000 years
3 Medium 1% 1E-02 once every 100 years
4 High 10% 1E-01 once every 10 years
5 Very High 100% 1E-00 once a year

Table 6 from NREL Marine Energy Risk Framework (2024)

AFR = F/(U × T) ×100, where: 
• AFR is the annual failure (event) rate (%) 
• F is the number of failures (or events) 
• U is the number of units tested 
• T is the time period over which the units were tested (years). 

Baseline probability definitions from IEC TS 62600-4, 
Specification for establishing qualification of new 
technology (2020), which presumes mature technology 
being qualified.

What to do for short-duration testing?
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Marine Energy Risk Register 
(Analyze Risks—Probability of Occurrence

Baseline Definitions

Probability Baseline annual failure rates 
(up to), from IEC TS 62600-4

1 1E-04 (once every 10,000 years)
2 1E-03 (once every 1,000 years)
3 1E-02 (once every 100 years)
4 1E-01 (once every 10 years)
5 1E-00 (once a year)
Table 6 from NREL Marine Energy Risk Framework (2024)

Example definition 
tailoring for project 
scale (e.g., 100x 
baseline)

Tailored Definitions

Example tailored annual failure rates (up to)
(100x the baseline)
1E-02 (once every 100 years)
1E-01 (once every 10 years)
1E-00 (once a year)
1E+01(10 times per year, or once per 36.5 days)
1E+02 (100 times per year, or once per 3.65 days)

Considerations for tailoring definitions: 
1) Tailor definitions to a project before it starts
2) Project duration
3) Enable a range of usable resolution 

(tailoring could be 0.1x, 10x, 100x, etc.)
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Marine Energy Risk Register 
(Analyze Risks—Risk Priority)

Figure 3 from NREL Marine Energy Risk Framework (2024)
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Marine Energy Risk Register 
(Analyze Risks—Risk Priority)

Tailoring of 
probability and/or 
impact values is 
acceptable when 
risk thresholds align 
with risk appetite. 

Figure 3 from NREL Marine Energy Risk Framework (2024)
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Marine Energy Risk Register (Planned Response)

• Table 7 from NREL Marine Energy Risk Framework (2024)
• Plan risk response timing
• Residual risk quantifies expected outcome
• Consider secondary risks resulting from risk response
• Contingency plan describes action to take if risk event occurs
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Marine Energy Risk Register (Monitor and Control)

• Detect differences 
between current and 
previous risk register 
information

• Execute risk responses 
based on plans

• Identify new risks
• Cycle occurs continuously 

throughout development



NREL    |    43

Marine Energy Risk Register (Excel Template)

Identification Analysis Response Monitor and Control

Link to marine energy risk register template on framework cover page:
https://www.nrel.gov/docs/fy24osti/90212.pdf

https://www.nrel.gov/docs/fy24osti/90212.pdf
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Marine Energy Risk Register (Excel Template)

Who Why What When

Template can be 
simplified to get started 
by hiding columns
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Marine Energy Risk FMEA/FMECA

• More details on a FMECA
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Marine Energy Risk FMEA/FMECA 

• Why complete a failure 
modes effects and criticality 
analysis (FMECA)?
– Early identification of 

failure modes, effects, and 
causes

– Improve system reliability 
– Lower cost

• IEC 60812, Edition 3.0, 2018-
08; Failure modes and effects 
analysis (FMEA and FMECA)

• IEC TS 62600-4, Edition 1.0 
2020-09; Marine energy – 
wave, tidal and other water 
current converters – Part 4: 
Specification for establishing 
qualification of new technology
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Marine Energy Risk FMEA/FMECA 

• FMEA = failure modes effects analysis
• FMECA = failure modes effects and criticality 

analysis
• Criticality provides way to prioritize the failure 

risk (typically multiplying severity and likelihood 
estimates)

• Sometimes a FMECA analysis is informally called 
an FMEA

Risk 
Register FMECA

An analysis tool to manage technical risks X X

Addresses programmatic risks such as schedule, 
supply chain, and environmental hazards X

A detailed sub-system analysis that identifies 
potential causes and impacts of a failure. X

All Risks 
(Risk Register)

FMEA

FMECA
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Marine Energy Risk FMEA/FMECA 

Note: same concept of tailoring 
definitions for risk register could 
be applied to FMECA

Reference: IEC TS 62600-4:2020
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Marine Energy Risk FMECA—Process 

Reference: IEC 60812:2018

FMECA process:
1) Plan the FMEA/FMECA
2) Perform the analysis
3) Document the analysis
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Marine Energy Risk FMECA—Planning 

Reference: IEC 60812:2018
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Marine Energy Risk FMECA—Analyzing 

Reference: IEC 60812:2018
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Marine Energy Risk FMECA—Analyzing 

Reference: IEC 60812:2018
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Marine Energy Risk FMECA—Documenting

Reference: IEC 60812:2018
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Marine Energy Risk FMECA System Decomposition 
Example
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Marine Energy Risk FMECA—Template

System Decomposition Failure Modes Cause Priority Actions Contingency

Link to marine energy FMECA template on framework cover page:
https://www.nrel.gov/docs/fy24osti/90212.pdf

https://www.nrel.gov/docs/fy24osti/90212.pdf
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Marine Energy Risk FMEA—Template

System Decomposition Failure Modes Cause Actions

Hide columns to 
make into FMEA:
• Easier start
• No prioritization

Link to marine energy FMECA template on framework cover page:
https://www.nrel.gov/docs/fy24osti/90212.pdf

https://www.nrel.gov/docs/fy24osti/90212.pdf
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FMECA Data Sources

FMECA often based on estimates, 
but sometimes data are available…
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FMECA Data Sources

https://scholars.unh.edu/ccom_seminars/299/ 

https://mcedd.com/wp-
content/uploads/2014/04/00_
Guy-Drori-BP.pdf 

https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-
failure/#:~:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc 

https://scholars.unh.edu/ccom_seminars/299/
https://mcedd.com/wp-content/uploads/2014/04/00_Guy-Drori-BP.pdf
https://mcedd.com/wp-content/uploads/2014/04/00_Guy-Drori-BP.pdf
https://mcedd.com/wp-content/uploads/2014/04/00_Guy-Drori-BP.pdf
https://mcedd.com/wp-content/uploads/2014/04/00_Guy-Drori-BP.pdf
https://mcedd.com/wp-content/uploads/2014/04/00_Guy-Drori-BP.pdf
https://mcedd.com/wp-content/uploads/2014/04/00_Guy-Drori-BP.pdf
https://mcedd.com/wp-content/uploads/2014/04/00_Guy-Drori-BP.pdf
https://mcedd.com/wp-content/uploads/2014/04/00_Guy-Drori-BP.pdf
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
https://acteon.com/blog/seven-mechanisms-that-contribute-to-mooring-line-failure/#:%7E:text=When%20it%20comes%20to%20mooring,fairleaders%2C%20bending%20shoes%2C%20etc
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Collecting and Using Lessons Learned

• More details on collecting and using lessons learned
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Collecting and Using Lessons Learned
• Section 7 from NREL Marine Energy Risk Framework (2024)
• Promote organizational learning
• Tailor and improve processes for your organization
• Reduce severity or probability of future problems (Table 12)
• Build on successes (Table 13)
• Captured when they occur and debrief meeting
• Debrief meeting allows team to stop and examine previous development cycle:

– What worked well?—or didn’t work well?
– What needs to be done differently?
– What project circumstances were not anticipated?
– How can we improve our technology development process?

Table 12 from NREL Marine Energy Risk Framework (2024) 
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Current FY25 Work in Marine Energy Risk 
Management

• Gathering input and compiling a queue of updates for a future risk 
framework revision (send input to david.snowberg@nrel.gov)

• Supporting risk management activities for various projects
• Developing new tools and templates for marine energy risk 

management, e.g.:
– Marine energy risk identification tools (checklists, prompt lists, 

stakeholder analysis, assumption analysis, etc.)
– Marine energy failure mode list with potential causes
– What would help you? (send suggestions to 

david.snowberg@nrel.gov)

mailto:david.snowberg@nrel.gov
mailto:david.snowberg@nrel.gov
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Risk Management Summary

Risk management is the process to manage uncertainty in any situation.

Questions Process Step
What is uncertain that could harm me? Risk Identification

What might cause this to happen? Risk Identification

What might be the effect of this happening? Risk Identification

How likely is this risk to happen? Risk Analysis

What is impact of this happening? Risk Analysis

What is the priority of this risk? Risk Analysis

What will I do about it?—and when? Risk Response

What do I expect to result from the response?—is the expected result 
sufficient?

Risk Response

What do I expect to result because of my response? (secondary risks) Risk Response

What is my backup plan? (contingency plan) Risk Response

What has changed since I last considered this risk? Risk Monitoring/Controlling

Have any triggers occurred to indicate this risk may occur?—or should 
response be implemented?

Risk Monitoring/Controlling

Photo from John McCord, Coastal Studies Institute (NREL image 74188)

Photo by David Snowberg, NREL
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Risk Management Summary and Takeaways

• NREL’s marine energy risk framework can help 
anyone manage risks for project success.
https://docs.nrel.gov/docs/fy24osti/90212.pdf 

• Risk framework can and should be tailored to each 
project and organization. 

• While risks will always be inevitable, taking calculated 
risks is the smart approach.
– Know the risks you are taking.
– Have a plan, then follow and improve it.

• Effective risk management will help you reach your 
objectives.

• Risk management processes become increasingly 
important as systems and communications become 
more complex.

• Reach out to David Snowberg with any questions or 
requests: david.snowberg@nrel.gov

https://docs.nrel.gov/docs/fy24osti/90212.pdf
mailto:david.Snowberg@nrel.gov
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