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Definition of TRA System 
 
NETL’s interpretation of the DOE TRL definitions is based on a view of technology maturation in 
which “components” are integrated into a “system” that is being assessed for its technology 
readiness.  To clearly and consistently apply the DOE TRL definitions, one must first precisely 
identify what “system” is being assessed, defined herein as the “Technology Readiness 
Assessment (TRA) System.”  Since most technologies can be viewed as subsystems within larger 
systems, multiple choices are available for defining the TRA System.  However, note that the 
choice of the “level” of the TRA System affects how TRLs are assessed: 

• A TRL 3 is achieved for the specified TRA System when analytical performance 
predictions for each of the TRA System’s critical1 components have been validated in 
separate experiments (i.e., without integration across components).  Accordingly, the 
required scope of TRL 3 as “single component” and the required integration of TRL 3 as 
“none.” 

• A TRL 4 or 5 is achieved for a given TRA System when the targeted performance 
requirements for each of its critical, multi-component subsystems (or the entire TRA 
system) have been validated in a laboratory environment (TRL 4) or relevant 
environment (TRL 5) with integration of some or all components.  

• Achieving TRLs 6 to 9 requires testing of the entire, fully integrated, TRL system. 
 
To further clarify, consider, for example, a pilot-scale facility to extract, separate, and recover 
rare earth elements and/or critical minerals and materials from coal and/or coal by-products. 
The facility may have various critical components, such as a circuit to produce mixed rare earth 
oxides and/or salts, a circuit to separate the mixed rare earths, a circuit to reduce the separated 
rare earths to metal(s), and a circuit to produce critical minerals and materials. In turn, each 
circuit has its own set of critical components. For example, the circuit to separate the mixed 
rare earths may comprise various solvent extraction stages. If one wished to assess the 
technology readiness of the pilot-scale facility, the TRA System would be defined as the 
integrated system of circuits, and a TRL 6 could only be achieved by successfully testing the 
entire system of integrated circuits.  However, if one instead wished to assess the technology 
readiness of only one circuit, such as the circuit to separate the mixed rare earths, the TRA 
System could be defined as an integrated system of solvent extraction stages, and a TRL 6 could 
be achieved by successfully testing just a single, integrated circuit. In both cases, achievement 
of TRL 6 could be claimed, but only in the context of the properly specified TRA System.   
 

 
1 A component or subsystem of a TRA System is considered critical if it is new, novel, and necessary for the TRA System to meet its anticipated 
operational performance requirements or poses major cost, schedule, or performance risk during design or demonstration.  Note that a 
component that is fully mature and non-critical for an established application or operational environment may be considered critical if it is 
incorporated into a new application or operational environment.  
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NETL Systems Analysis Best Practices 
 
NETL has developed Systems Analysis Best Practices (SABP) as an accompaniment to the DOE 
Technology Readiness Level (TRL) definitions. The SABP serve as a guide for the Principal 
Investigator/researcher to inform on the level of systems and economic analysis rigor 
appropriate at each TRL. 
 
System and economic analyses are an essential component of research and development 
(R&D). They are used to determine appropriate experimental conditions, inform R&D targets 
and technology maturation plans, assess R&D progress, and estimate the benefits of successful 
technology development in commercial applications. 
 
Systems analysis is the analytic process used to evaluate the behavior and performance of 
processes, equipment, subsystems, and systems. Such analyses serve to characterize the 
relationships between independent (e.g., design parameters and configurations, material 
properties, etc.) and dependent variables (e.g., thermodynamic state points, output, etc.) 
through the creation of models' representative of the envisioned process, equipment, 
subsystem, or system. These analyses are used to determine the important variables (i.e., 
performance attributes) and the associated targets (i.e., performance requirements) that must 
be achieved through R&D and testing to realize commercial and/or program goals. 
 
The performance requirements are selected such that the equipment, subsystem, or system 
meets the envisioned objectives in the target commercial application. The target commercial 
application refers to one specific use for the advanced technology, at full commercial scale. A 
project may include more than one target commercial application. For example:  
 
1. Technologies that reduce the cost of gasification may be useful for both liquid fuels and 

power production.  
2. Technologies that may be useful to monitor CO2 storage in more than one type of 

storage site. 
 
The modeling and simulation effort may use one or more of a variety of tools, such as Excel, 
MATLAB, Aspen Plus, Aspen Plus Dynamics, Thermoflow, CHEMCAD, etc., depending upon 
suitability to the specific processes, the scope of the development effort, and the stage of 
development.  
 
An integral part of systems analysis is economic analysis - the process of estimating and 
assigning costs to equipment, subsystems, and systems corresponding to models of and 
specifications for the commercial embodiment of the technology. Such analyses include the 
estimation of capital costs, as well as operating and maintenance costs. Component service life 
and corresponding replacement costs are often a crucial aspect of these analyses. See 
Performing a Techno-economic Analysis for Power Generation Plants, DOE/NETL-2015/1726, 
July 2015, for further guidance. 
 








