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The concept of Technology Readiness Levels (TRLs), commonly used in the aerospace and defense 
industries, provides the pipeline industry with a proven means for evaluating and assessing technologies 
used to enhance integrity management efforts. This paper presents details on technology readiness levels 
ranging from Proof of Concept to System Operation. The adoption and implementation of the TRL 
approach will minimize operator risk and foster the deployment of advanced technologies, thus enhancing 
the safe operation of high-pressure pipelines. 
 
The TRLs presented in this write-up are based in-part on a review of concepts presented in API 
Recommended Practice 17N (June 2017), Recommended Practice on Subsea Production System Reliability, 
Technical Risk, and Integrity Management; particularly, Annex E: New Technology Qualification. Provided 
in  
Figure 1 is a graphic showing what is called the “TRL Ladder”. As noted, the TRLs ranges from TRL 0: Basic 
Unproven Concept to TRL 7: Field-Proven” System Operation. TRLs provide an effective means for 
evaluating the “operational readiness” of a given technology. 
 
It is essential that technologies function as designed to ensure they perform reliably when placed in 
service. When technologies fail to perform as designed, system integrity is placed at risk, leading to 
potential failures that could impact environment, safety, and asset performance. At the heart of every 
technology integration are the concepts of risk and reliability. Many technologies used in the pipeline 
industry are used to support integrity management efforts; a few examples include in-line inspection, 
advanced repair methods, material characterization, and in situ monitoring. The challenge facing every 
pipeline operator is to understand the uncertainties associated with the technology performance and risk 
mitigations, while considering for deployment in their system. 
 
The TRL framework utilizes seven assessment stages to provide a structured framework to ensure that a 
given technology performs as designed and promoted. If gaps in technology performance exist, the TRL 
framework allows key stakeholders with a platform to not only evaluate “next steps” but provides them 
with a vehicle for verifying a technology’s ability to reach designated performance levels. In the absence 
of such framework, technology developers and users are often “shooting in the dark” in terms of defining 
the capabilities of a given technology. Further, the TRL framework provides regulators with a reference to 
define for operators and technology companies what is expected from their perspective in terms of 
ensuring code compliance. 
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In terms of participants in the technology development and implementation process, there are three 
major groups as illustrated in Figure 2. These participants include: 
• Operators / technology users, plus regulatory agencies 
• Technology providers and service companies 
• Technology investors 
 
Each of these participants are interested in the successful deployment of technologies, although their 
motivations and means for quantifying success are somewhat different. TRLs provide an effective means 
for evaluating the “operational readiness” of a specific technology. It is essential that technology function 
as designed and performs reliably in service. The following sections of this paper discuss in detail elements 
of the TRL framework, case studies where three technologies are evaluated relative to their respective 
TRLs, and recommendations on methods for integrating new technologies to pipeline application. 
 
One intent in this write-up is to provide readers with a framework for determining where a particular 
technology is in terms of the overall TRL framework. In other words, is the technology still at TRL 2: 
Demonstration by Testing or is the technology further along this process and actually at TRL 4: Prototype 
Validation? Knowing how to distinguish between the different phases is important for the following 
reasons. 

• It is easy for technology developers to believe they are farther along in the TRL process than they 
actually are. This is not a technical issue; rather, it is an emotional issue and requires that the 
technology developer divorce themselves from the design and development process to conduct an 
objective assessment of where they are in the process. Oftentimes, third party organizations with 
technology experts or potential technology users are ideally-suited to partner with innovators in going 
through this process. 

• Knowing where a technology resides in the TRL process permits stakeholders including technology 
innovators, users (i.e., operators), regulators, service companies, and investors to better understand 
where they are and where they need to be. It does not benefit key stakeholders to believe a 
technology is further along in the TRL process than they really are. The TRL process provides a 
framework for knowing where to focus to ensure the technology development process advances 
appropriately, with the eventual goal of every technology to achieve TRL 7: System Operation. 

• The TRLs allow interested parties, namely technology innovators, developers, users, and investors, to 
have a framework against which to measure the technology development stage. This ensures that the 
technology development process advances at a reasonable pace, ensuring internal accountability 
among team members regarding performance expectations and associated risks of achieving the 
desired TRL levels. 
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The sections that follow provide details on each element associated with the technology readiness levels 
as outlined in API RP 17N. This presentation is made primarily from the viewpoint of the “innovator”, the 
individual or company responsible for the technology’s creation, development, and eventual 
implementation. It is important to note that at each stage of the TRL process, it is essential that innovators 
identify design gaps and issues before proceeding to the next TRL. 
 
TRL 0: Basic Unproven Concept 
This is where technology development all starts; the proverbial “back of the napkin” stage of the design 
process. At this stage engineers are likely to deploy first principles to ensure the technology is adequately 
designed to meet the rigors associated with the specified design requirements. Unfortunately for 
technology innovators, the design at this stage is little more than an idea. It is challenging to attract the 
interest of operators, investors, or regulators at this stage of the TRL process. 
 
TRL 1: Proof of Concept 
Once an innovator has come up with a concept, it is necessary to conduct a paper study that involves a 
low-level analysis. This TRL often involves conceptual drawings, as well as a design package that includes 
anticipated loading conditions to which the technology will be subjected. Oftentimes, design engineers 
will utilize finite element analysis to not only evaluate adequacy of their design, but also provide 
illustration materials that can be shown to illustrate the capabilities and merits of the given technology. 
 
TRL 2: Demonstration by Testing 
In order for a technology to progress to TRL 2, the innovator should have confidence in the technology’s 
ability to perform based on analytical and numerical modeling results. From a technology development 
process, numerical modeling provides a low-cost alternative to functionality testing involving lab mock-
ups. Successful completion of TRL 2 is achieved when mock-up testing demonstrates ability of the 
technology to perform at the required level, even if this involves sub-scale testing. 
 
TRL 3: Prototype Development 
Prototype development is the natural evolution following the mock-up testing associated with TRL 2. At 
this stage of the TRL process, innovators should start “pushing the envelope” and looking for ways to make 
the technology fail. The importance of this stage cannot be over-stated. Failure to address technology 
shortcomings can lead to disastrous and costly mistakes in subsequent TRLs. If innovators have not 
brought in outside subject matter experts up to this point, this would be an appropriate stage in which to 
integrate outside expertise. The goal in TRL 3 is to conduct reliability modelling and testing to achieve 
confidence in technology performance. 
 
TRL 4: Prototype Validation 
The authors have conducted too many full-scale tests to count over the past 20 years; however, one point 
is clear – full-scale testing is expensive. Before any full-scale testing efforts are started, it is strongly 
recommended that two things happen. First, engage third party testing services; as a minimum, engage a 
subject matter expert (SME) to provide consulting services even if the design company plans to conduct 
in-house testing. Integrating SMEs at this stage, if not sooner, is wise because their participation will 
reduce the likelihood of wasting both time and money. Secondly, it is essential that any full-scale testing 
capture actual service loading conditions. When technologies fail in service, it is often due to failure on 
part of technology designers to anticipate actual service conditions. This is especially true when 
“combined” loads are present and contribute to in-service failures. The goal in TRL 4 is to conduct full-
scale testing to simulate actual service loading conditions. 
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TRL 5: System Integration Testing 
Having successfully completed full-scale testing efforts associated with TRL 4, the next step is field 
deployment with limited functional loading. Operators and regulators are often hesitant to adopt new 
technologies where technology failure can jeopardize pipeline integrity. However, the risk associated with 
technology integration is significantly reduced if a comprehensive full-scale testing program integrates all 
possible “high risk” loading conditions (i.e., it is usually impractical, unnecessary, and inefficient to test all 
possible loading conditions). 
 
TRL 6: System Installation 
There is an improved confidence in the ability of the technology to perform as it progresses up the TRL 
ladder. TRL 5 represents a milestone in the technology development process as it typically represents the 
first time the technology has been deployed in the field in close to or real environment. However, because 
the technology has not been “fully-loaded” interpretation of performance is limited. On the other hand, 
TRL 6 involves full loading in the field that includes monitoring; it is a natural progression from TRL 5. With 
today’s technology advances, the ability to monitor new technologies has been greatly enhanced; 
examples include fiber optic sensors and wireless monitoring. 
 
Prior to full-acceptance of a technology, regulatory bodies prefer to see technology performance 
specification and comprehensive monitoring program that includes a partnership between technology 
innovators and operators. This stage of the TRL is often more about technology evaluation than 
technology development. At this point in the technology implementation process it is too late to go “back 
to the drawing board.” TRL 6 can be actually be more expensive than the full-scale testing work associated 
with TRL 4 as it is often time consuming and can require significant resources from the operator. 
 
TRL 7: System Operation 
Reaching TRL 7 is the goal of every technology innovator and company, as well as operators and 
regulators. Reaching TRL 7 means that the technology can be used without reservation. The concern 
typically moves from “will the technology work?” to “how can we properly install and use the technology 
to ensure it works?”. The challenges associated with TRL 7 are not any less rigorous than any of the other 
TRLs; however, the questions now asked are different than before. Oftentimes, it is at this stage that the 
subject of Quality Control and Quality Assurance become very important.  Prudent technology innovators 
and companies should consider the importance of quality and impose some form of Quality Management 
System (QMS) early in the technology development process. In terms of TRLs, a QMS should likely be in 
place by the time TRL 3 is reached. 
 
Part of the implementation process associated with TRL 7 is in-service review of monitored data. 
Depending on the technology, this might or might not be a long-term endeavor. Although TRL 5 and 6 are 
phases associated with the “trial run” of in-field technology implementation, it is advisable to maintain a 
continuous monitoring mindset if at all possible. 
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Figure 1: Technology Readiness Levels of the TRL Ladder 

 

 

Figure 2: Participants in the technology development and implementation process 

 


