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Guidance on Logical Technology Progression

Motivation

Applications to the TEAMER program undergo rigorous review to ensure that applicants receive
meaningful support to progress the maturity of their marine energy endeavor (e.g., technology or
site/project development). One key aspect of technology/project maturation is the concept of ‘logical
progression’, defined here as selecting next steps that efficiently build upon previous
innovations/research in a logical and interconnected way. The TEAMER program seeks to fund efforts
that, on the whole, will deliver high value outcomes that maximize learnings from the facility support
and best serve the maturation/progression of the recipient's endeavor.

Over many rounds of Requests for Technical Support (RFTS), the TEAMER program has rejected
multiple applications for activities that do not clearly align with a high value next step in the
technology/project maturation. Although there is something to be learned from pursuing almost all
research endeavors, some pathways are likely to return higher or lower value benefits. Because
progression inherently depends on previous knowledge and each applicant brings a different level of
background information about their technology/project, it’s not possible to prescribe universally
acceptable next steps that provide high value to everyone. In other words, the starting point and
specifics of a project matter. This guidance document outlines general principles of marine energy
technology progression, including examples that should help applicants and reviewers identify high

value and low value next steps. This will support more focused and clearly articulated applications and
more efficient reviews. This document is meant to be a resource, and it is noted that not all
technologies will follow the exact progression outlined in this document.

Note: As experience is gained with marine energy site/project maturation and commercialization
projects, additional guidance on logical progression for those activities will be included in an updated
version of this document.

Background

With respect to the starting point, we often use Technology Readiness Levels (TRL, Appendix A) as a
proxy for the knowledge an applicant has about their technology. Many governments, funding agencies
and organizations, investors, and industries use TRLs to make funding and business decisions. As a
general rule, applicants with systems or components at lower TRL have less information than those at
higher TRL. For applicants with a low-fidelity proof of concept or conceptual component, while it might
appear that a broad set of next steps could be effective, the TEAMER program has found that a
narrower set of options reliably lead to useful outcomes. Overall, for systems or components at a
particular TRL, there are next steps that can be easily justified as providing significant value, some steps
that could be justified with sufficient explanation, and some steps that are unlikely to provide applicants
with useful information.
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Figure 1 graphically summarizes the TRL progression from a concept (TRL 1) to technology that
has been deployed and demonstrated in real-world environments (TRL 9). Further details about the TRL
framework and its relation to the other measures of technology maturation are provided in an appendix.
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Figure 1. A high-level summary of TRL as it relates to technology status and typical activities associated with
technology maturation.
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Recommended Technology Maturation for Marine Energy Converters
The intent of this section is to provide guidance on logical next steps for technology maturation in the
context of the TEAMER program with the caveat that no two technologies are identical. This is
summarized in Figure 1 where technical activities (e.g., hydrodynamic or power take-off experiments,
simulations) are shown to span a range of TRLs. At the same time, not all activities are appropriate for all
TRLs. For example, if a technology exists solely as a concept (TRL 1-2), the next logical activity is basic
analytical models that demonstrate feasibility. As the technology is further developed, the next
appropriate steps may include modeling, bench testing, or tank/flume testing. However, attempting to
move directly from a relatively low TRL to controlled testing of a system prototype (i.e., TRL 6) is rarely
successful because of high uncertainties in component level performance. Testing critical system
components in controlled environments derisks projects and generates valuable engineering data that
can be used to communicate expectations for operations and performance.

To provide additional information several themes that have been observed with applications for
technology progression through TEAMER are highlighted below.

Clearly demonstrated feasibility: Early TRL development and testing must be justified by the underlying
physics of marine energy. If a concept is targeting low-energy environments (e.g., small waves or weak

currents), then the application should demonstrate that this is viable for the given application space. For
example, it is theoretically possible that a tidal turbine could provide 10 kW of power from a 10 cm/s
current, but the required rotor size would be unreasonable for the level of expected power generation.
Any application to TEAMER should clearly justify concept feasibility.

Appropriate TRL progression through experiments: Projects that propose to advance technology within a

single TRL or move from an existing TRL to the next are generally easy to justify. In some cases, it may be
reasonable to advance multiple TRLs through a single TEAMER project (e.g., a promising technology
concept that is difficult to simulate could be a candidate for well-justified experiments that establish
proof of concept). Applicants and facilities should consider where the proposed project lies on the TRL
scale: where is the technology now and where will it be if the project is successful?

Two challenges with TRL progression in experiments are particularly common:

1. At TRL4/5, technology developers often face a wide range of “unknown unknowns”. Because of
this, facilities should play an active role in applications by lending their experience to ensure that
testing will achieve the desired outcomes.

2. Successful demonstration of an individual subsystem is important for technology maturation,
but full system testing generally benefits from prior successful demonstration of all associated
subsystems. For marine energy converters, hydrodynamics and power take-offs do not scale in
the same way, complicating tests at the same scale. If a project intends to make significant TRL
jumps with a subsystem to perform a full system test, the application needs to demonstrate why
that particular subsystem would not benefit from component testing. For example, if the
hydrodynamic performance of a WEC hull has been demonstrated through tank testing with an
emulated power take-off (i.e., a stand-in that applies similar torque or force as the intended
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power take-off), significant justification would be required for an application that proposes a full
system test (TRL 5) that combine the hull shape (now at TRL 4) with a conceptual power take-off
(TRL 2). Conversely, if a power take-off has been demonstrated through bench testing (now at
TRL 4), full system testing without an understanding of hull hydrodynamics would be
inadvisable.

Appropriate TRL progression through simulations: Like the TRL progression in experiments, simulations

should also follow a logical progression. For example, it is problematic to propose high-resolution CFD of
a complicated concept without basic math to justify the approach or a clear understanding of the
strengths and weaknesses inherent to CFD. CFD is a powerful tool, but computational cost generally
precludes broad exploration of design or optimization spaces. At higher TRLs, CFD is often most effective
for interpreting existing experimental results. For example, a CFD model validated by experimentally-
measured performance could be used to identify specific avenues for improvement based on flow field
or pressure information. Similarly, a CFD model validated by a scale-model experiment could be used to
extrapolate to performance at larger scale.

Overall, the bigger the TRL jump, the more important it is for an application to demonstrate that
this is likely to be effective. It is insufficient for an application to describe that a particular step is
technically possible - it is critical to demonstrate that this step should be done.

WEC Development Example

As a practical example, consider an applicant with an innovative oscillating surge type wave
energy converter. In the following figures, several examples related to a specific TRL reference the
appropriate steps for the technology and that stage of development. Suggested TEAMER facility types
for a given TRL level with some general descriptions of example awards are given in Figure 2, and a
specific research pathway is outlined for the example concept WEC in Figure 3. This is a general
guideline: there may be exceptions to this TRL/study pairing, but such exceptions should be considered
carefully in terms of their available inputs, the feasibility of the study, and the utility of the outputs.

Summary

The TEAMER program provides applicants with access to expertise and facilities that can aid
technological development with a relatively low barrier to entry. However, the TEAMER program does
not support accelerated testing that is far outside of typical maturation pathways and therefore does
not represent a logical next step in the process. By referencing the material provided herein, applicants
and facilities should be able to identify logical next steps in their project progression. This will maximize
the likelihood of a successful application and, more importantly, achieving the intended outcome.
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Figure 2. General examples of numerical and physical research and development activities that may occur at
increasing TRL. Note that the outputs of modeling efforts can inform inputs to testing efforts, as well as higher-
fidelity investigations of a consistent type.
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Figure 3. Specific examples of numerical and physical R&D for the maturation of a given WEC concept. Note how

outputs of modeling and testing efforts can inform and validate further investigations.
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Appendix: Technology Readiness Level (TRL) Details

In general, TRL provides a measure of a technology’s commercial readiness or maturity. A
technology’s development path over time is termed its technology development trajectory, and TRL
increases as the technology evolves from concept to prototype to minimum viable product. Every
project that succeeds in moving from a concept to commercialized product will follow a unique set of
research and development activities, with no universally appropriate set of milestones or tests. Table 1
provides additional details about each TRL and the types of numerical and physical R&D activities that
are typical at each stage. Many of the activities supported by the recurring TEAMER requests for
technical assistance (RFTS) fall into the lower TRLs (i.e., TRL 6 or less) while TEAMER open water support
generally falls in the TRL 6-8 range.

Table 1: General description of technology status at each TRL level with examples of numerical and physical
research and development activities that may occur at each TRL.

TRL Description Example Activities

1 | Basic principles underlying a technology are Numerical: The governing physics are
established. Revisiting the foundational principles established through reviewing prior research
helps ensure that ideas for technology development and via first principles analysis.
are theoretically sound.

Physical: N/A

2 | Theory, engineering, and creative thinking merge as a Numerical: Further concept refinement
concept is formalized and described. Basic tools for ensures theoretical feasibility (e.g., kinetic
simulation or analysis may be developed. power density from currents or wave energy

flux under targeted conditions can be used to
determine the practical limitations of a
technology).

Physical: N/A
3-4 | Component proof-of-concept begins and feasibility is Numerical: Moderate fidelity models (e.g.,
demonstrated through low-risk WEC-Sim, Blade Element Momentum) to
testing/demonstrations. For complex systems, refine concepts may be appropriate.
individual components may be validated
independently in a laboratory environment (e.g., Physical: Bench top or laboratory validation
bench top testing). Testing at this stage should be of power take-offs or flume/tank testing for

carried out with full-scale applications in mind, though | hydrodynamic performance.
scaled testing is often necessary for reasons of cost
and complexity.

5 | Technologies at this stage may be at the component Numerical: High fidelity models (e.g., CFD,
level or, scaled, full system prototypes and are Smooth Particle Hydrodynamics) to explore
demonstrated in a relevant environment. This may specific questions may be appropriate, as
include tank testing or highly controlled field testing at | would optimization with moderate fidelity
model scale (> 1:20) . Testing facilitates measurements | models.
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performance.

that can be used to identify problems and quantify

Physical: Access to specialized facilities such
as a tank specific for prototype testing
(scaled if necessary) is often required.

testing of the system in a relevant environment,

possible (> 1:4).

6 Prototypes are tested in a relevant environment and
should include all of the key components and features
of the technology. This stage represents end-to-end

although the system may not yet be optimized for
operations and a limited degree of scaling may be

Numerical: High fidelity models (e.g., CFD,
Smooth Particle Hydrodynamics) to explore
specific questions may be appropriate, as
would optimization with moderate fidelity
models.

Physical: Ongoing prototype testing occurs in
a representative environment with a fully
functioning prototype. Specialized test
facilities may be required.

7 | Prototypes are demonstrated in an operational

At this point prototypes should be similar to the

environment that is similar to the targeted application.

targeted final product (i.e., nearly full scale, > 1:2).

Numerical: High fidelity models (e.g., CFD,
Smooth Particle Hydrodynamics) to explore
specific questions may be appropriate.

Physical: A prototype system is tested under
real-world conditions, although a site may be
chosen to avoid the most extreme conditions
the final product is likely to encounter.

8 | Ongoing demonstrations of the technology at intended
scale in target environments establish its viability and
ensure the technology is prepared to enter the market.

Numerical: High fidelity models (e.g., CFD,
Smooth Particle Hydrodynamics) to explore
specific questions may be appropriate

Physical: At this point the prototype should
be in its final form and testing should
represent the full range of conditions
anticipated in commercial operations.

commercial markets.

9 | Atthis point technologies are suitable for ongoing
deployment under intended conditions and may enter

Numerical: N/A

Physical: N/A

However, TRLs have shortcomings, foremost among them is an inability to describe how well a

technology will perform and how cost-competitive and economically viable it will be once it matures.

This limitation drove the development of a complementary framework for Technology Performance

Level (TPL) assessment. TPL assessments evaluate the potential or promise of a technology to perform

economically as a product when fully commercialized. While TPL assessment tools are available for

WECs and CECs across multiple market areas, describing a technology’s TPL requires significant effort,

whereas describing TRL is much simpler, requiring only a mapping of R&D activities accomplished versus
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the TRL scale description. With that said, a main benefit of performing a TPL assessment is the
prioritized identification of aspects of the MEC technology that would benefit from improvement, which

is a factor in TEAMER Technical Board recommending TPL assessments for some unsuccessful
applications.
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