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Technology Readiness Level (TRL)

• Technology readiness levels (TRLs) - Measurement of the maturity level of a particular

technology

• TRLs are based on a scale from 1 to 9, with 9 being the most mature technology.

• Systematic addressing of TRLs is required, allowing a technology to evolve from conception

through to research, development and deployment.

• Universities, along with government funding sources, focus on TRLs 1-4, while the private

sector focuses on TRLs 7-9.

• The term ‘Valley of Death’ represents the often neglected addressing of TRLs 4 through to

7, where neither academia nor the private sector prioritize investment.



Purpose of TRL

• Provides a common understanding of technology status

• Used to make decisions concerning technology funding

• Used to make decisions concerning transition of technology



• European Union (EU) normalized the NASA

readiness-level definitions, allowing for

easier translation to multiple industry

sectors – not just space exploration.

• TRL started using in EU-funded research

and innovation projects in 2014.

• In 2013, the TRL scale was further

canonized by the ISO 16290:2013 standard.

European Union (EU) 
Technology Readiness Levels

https://en.wikipedia.org/wiki/International_Organization_for_Standardization




Complexity of System

• TRL 8-9 - System : All technical elements that comprise the project operating as a single

system to deliver a defined capacity.

• TRL 6-7 – Model : A physical or virtual model used to evaluate the technical or

manufacturing feasibility or utility of a particular technology or process, concept, end

item, or system.

• A functional form of a system, generally reduced in scale, near or at operational specification. Models will be

sufficiently hardened to allow demonstration of the technical and operational capabilities required of the final

system.

• TRL 4-5 - Breadboard : Integrated components that provide a representation of a

system/subsystem and that can be used to determine concept feasibility and to develop

technical data.

• Typically configured for laboratory use to demonstrate the technical principles of immediate interest. May

resemble final system/subsystem in function only.

• TRL 3-4 - Component : A single element of technology. The lowest sub-system that

provides sufficient granularity to identify technical risks and opportunities.



Environmental Description

• TRL 8-9 – Actual operations : Implementation of the final system by the end-user as they
seem fit in their day-to-day operations

• TRL 7 – Operational environment : Environment that addresses all the operational
requirements and specifications required of the final system

• TRL 6 – Simulated operational environment : Either (1) a real environment that can
simulate all the operational requirements and specifications required of the final system
or (2) a simulated environment that allows for testing of a virtual prototype

• TRL 5-6 – Relevant environment : Testing environment in a lab or other controlled
environment that simulates both the most important and most stressing aspects of the
operational environment.

• TRL 3-4 – Laboratory : The normal environment where the technology or product is
developed, usually not related to the environment where it will be used

• TRL 1-2 – Desk/Lab



Technology Readiness Level – Development Stages

TRL Description Example

1
Basic principles 

observed

• Scientific observations made and reported. Examples could include 

paper-based studies of a technology’s basic properties.

2
Technology concept 

formulated

• Envisioned applications are speculative at this stage. Examples are 

often limited to analytical studies.

3
Experimental proof of 

concept

• Effective research and development initiated. Examples include 

studies and laboratory measurements to validate analytical 

predictions.

4
Technology validated 

in lab

• Technology validated through designed investigation. Examples 

might include analysis of the technology parameter operating range. 

The results provide evidence that envisioned application performance 

requirements might be attainable.



Technology Readiness Level Examples

TRL Description Example

5
Technology validated in 

relevant environment

• Reliability of technology significantly increases. Examples could 

involve validation of a semi-integrated system/model of 

technological and supporting elements in a simulated 

environment.

6
Technology demonstrated 

in relevant environment

• Prototype system verified. Examples might include a prototype 

system/model being produced and demonstrated in a simulated 

environment.

7

System model or prototype 

demonstration in 

operational environment

• A major step increase in technological maturity. Examples could 

include a prototype model/system being verified in an 

operational environment.



Technology Readiness Level Examples

TRL Description Example

8
System complete and 

qualified

System/model produced and qualified. An example might include the 

knowledge generated from TRL 7 being used to manufacture an actual 

system/model, which is subsequently qualified in an operational 

environment. In most cases, this TRL represents the end of 

development.

9

Actual system proven 

in operational 

environment

System/model proven and ready for full commercial deployment. An 

example includes the actual system/model being successfully deployed 

for multiple missions by end users.







Improvements of Existing Products 

• New Product Development

• TRL is most clear cut when dealing with genuine New
Product Development with high inherent risk and
insecurity (that’s what it was designed for)

• Requires more thought when applied to product or process
improvements

• Improvement of Existing Product

• Substantial improvement of a TRL 8-9 system = starting
again at TRL 2

• The road from a low TRL to a high TRL may be very short
and fast.



TRL - Software Development 



TRL - Pharmaceutical Development 

Source: US Army Medical Department 



Medical device development 



TRL  - BIRAC, DBT, GoI

• Keeping NASA TRLs as a reference, BIRAC has come up with detailed definitions of levels in the TRL 
scale for each of these thematic areas.

• These TRL definitions intend to guide the innovators, evaluators and investors in identifying the stage 
of technology under development more objectively. 

• The definitions also include some of the regulatory approvals and quality certifications which may be 
relevant for progression of TRLs and commercialization of the technology/products in India.

1.) Drugs (including Drug Delivery)

2.) Vaccines

3.) Biosimilars

4.) Regenerative Medicine

5.) Medical Devices and Diagnosis

6.) Artificial intelligence, Big Data Analysis, IoT’s, software development & Bioinformatics

7.) Industrial Biotechnology (including secondary agriculture) 8.) Agriculture

9.) Aqua Culture and Fisheries

10.) Veterinary

https://www.birac.nic.in/desc_new.php?id=443



Manufacturing Readiness Level (MRL)

• MRLs are a method for understanding the maturity of a manufacturing process readiness,

similar to how Technology Readiness Levels (TRLs) are used to understand technology

maturity.

• MRLs allow innovators to have a consistent datum of reference for understanding

manufacturing maturity evolution.

• The MRL concept was developed by the United States Department of Defence (DoD) to

assess the maturity of a manufacturing process throughout its conception, development,

deployment and support progression phases.

• MRLs are based on a scale from 1 - 10, with 10 being the most mature.

https://www.twi-global.com/technical-knowledge/faqs/technology-readiness-levels




Manufacturing Readiness Level
Phase Leading to MRL Definition Description

Material 

solutions 

analysis

Material 

development 

decision 

review

1

Basic 

manufacturing 

implications 

identified

• Basic research expands scientific principles that may have 

manufacturing implications. The focus is on a high-level assessment 

of manufacturing opportunities. The research is unfettered.

2
Manufacturing 

concepts identified

• Invention begins. Manufacturing science and/or concept described in 

application context. Identification of material and process 

approaches are limited to paper studies and analysis. Initial 

manufacturing feasibility and issues are emerging.

3

Manufacturing 

proof of concept 

developed

• Conduct analytical or laboratory experiments to validate paper 

studies. Experimental hardware or processes have been created, but 

are not yet integrated or representative. Materials and/or processes 

have been characterized for manufacturability and availability but 

further evaluation and demonstration is required.

A: Milestone 

decision 4

Capability to 

produce the 

technology in a 

laboratory 

environment

• Required investments, such as manufacturing technology 

development identified. Processes to ensure manufacturability, 

producibility and quality are in place and are sufficient to produce 

technology demonstrators. Manufacturing risks identified for 

prototype build. Manufacturing cost drivers identified. Producibility

assessments of design concepts have been completed. Key design 

performance parameters identified. Special needs identified for 

tooling, facilities, material handling and skills.



Manufacturing Readiness Level
Phase Leading to MRL Definition Description

Technology 

maturation 

and risk 

reduction

B: Milestone 

decision

5

Capability to 

produce prototype 

components in a 

production 

relevant 

environment

• Manufacturing strategy refined and integrated with Risk 

Management Plan. Identification of enabling/critical technologies 

and components is complete. Prototype materials, tooling and test 

equipment, as well as personnel skills, have been demonstrated on 

components in a production relevant environment, but many 

manufacturing processes and procedures are still in development. 

Manufacturing technology development efforts initiated or 

ongoing. Producibility assessments of key technologies and 

components ongoing. Cost model based upon detailed end-to-end 

value stream map.

6

Capability to 

produce a 

prototype system 

or subsystem in a 

production 

relevant 

environment

• Initial manufacturing approach developed. Majority of 

manufacturing processes have been defined and characterized, but 

there are still significant engineering/design changes. Preliminary 

design of critical components completed. Producibility assessments 

of key technologies complete. Prototype materials, tooling and test 

equipment, as well as personnel skills have been demonstrated on 

subsystems/ systems in a production relevant environment. 

Detailed cost analysis include design trades. Cost targets 

allocated. Producibility considerations shape system development 

plans. Long lead and key supply chain elements identified. 

Industrial Capabilities Assessment for Milestone B completed.



Manufacturing Readiness Level
Phase Leading to MRL Definition Description

Engineering 

and 

manufacturing 

development

Post-CDR

(Critical

Design

Review)

Assessment

7

Capability to 

produce systems, 

subsystems or 

components in a 

production 

representative 

environment.

• Detailed design is underway. Material specifications are approved. 

Materials available to meet planned pilot line build schedule. 

Manufacturing processes and procedures demonstrated in a 

production representative environment. Detailed producibility

trade studies and risk assessments underway. Cost models 

updated with detailed designs, rolled up to system level and 

tracked against targets. Unit cost reduction efforts underway. 

Supply chain and supplier Quality Assurance assessed. Long lead 

procurement plans in place. Production tooling and test equipment 

design and development initiated.

C: 

Milestone 

Decision
8

Pilot line 

capability 

demonstrated. 

Ready to begin 

low rate 

production.

• Detailed system design essentially complete and sufficiently stable 

to enter low rate production. All materials are available to meet 

planned low rate production schedule. Manufacturing and quality 

processes and procedures proven in a pilot line environment, 

under control and ready for low rate production. Known 

producibility risks pose no significant risk for low rate production. 

Engineering cost model driven by detailed design and validated. 

Supply chain established and stable. Industrial Capabilities 

Assessment for Milestone C.

https://en.wikipedia.org/wiki/Design_review


Manufacturing Readiness Level
Phase Leading to MRL Definition Description

Production 

and 

deployment

Full rate 

production 

decision

9

Low rate 

production 

demonstrated. 

Capability in 

place to begin Full 

Rate Production.

• Major system design features are stable and proven in test and 

evaluation. Materials are available to meet planned rate 

production schedules. Manufacturing processes and procedures are 

established and controlled to three-sigma or some other 

appropriate quality level to meet design key characteristic 

tolerances in a low rate production environment. Production risk 

monitoring ongoing. Low Rate Initial Production (LRIP) cost goals 

met, learning curve validated. Actual cost model developed for Full 

Rate Production environment, with impact of Continuous 

improvement.

Operations 

and 

support

N/A 10

Full rate 

production 

demonstrated and 

lean production 

practices in place.

• This is the highest level of production readiness. 

Engineering/design changes are few and generally limited to 

quality and cost improvements. System, components or items are 

in rate production and meet all engineering, performance, quality 

and reliability requirements. All materials, manufacturing 

processes and procedures, inspection and test equipment are in 

production and controlled to six-sigma or some other appropriate 

quality level. Full rate production unit cost meets goal, and 

funding is sufficient for production at required rates. Lean 

practices well-established and continuous process improvements 

ongoing.



• IRL 9: Full Commercial Development – A full time process engineering staff continuously 
verifies that operations are meeting cost, yield and productivity targets.

• IRL 8: Pre-Commercial Demonstration – Operating Conditions and quality stabilized

• IRL 7: Prototype High Fidelity MVP: Integrated Pilot Continuous Operation

• IRL 6: Validate Business/Revenue Model: Integrated Pilot Development– understanding 
operational nuances

• IRL 5: Validate Product-Market Fit (Integrated Validation of the Minimum Viable Process and 
Process Engineering). “High-fidelity” - A high-fidelity laboratory environment would involve 
testing with equipment that can simulate and validate all system specifications within a 
laboratory setting.

• IRL 4: Prototype Low-Fidelity Minimum Viable Product (MVP): “Low-fidelity” -
A representative of the component or system that has limited ability to provide anything but 
initial information about the end product.

• IRL 3: Validate Problem - Solution Fit (Confirmed Value Proposition & Techno-Economic 
Analysis) & Minimum Product Cost (Maturity of Core Technology)

• IRL 2: Applied Research (Market Size and Competitive Analysis) & Business Plan – Value 
Proposition & IP Identification

• IRL 1: Basic Research (Need Identification & Peer Review Publications) & Completed First-Pass 
Business Model Canvas (BMC)

Investment Readiness Level (IRL)
Idea-to-Start-up-to-VC
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