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Crossing the Valley of Death
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Source: Hugh ThaweesakKoanantakool, Ph.D.

Adapted from source: Osawa and Miyazaki, 2006



The Valley of Death in Biomedical Research

«yalley of Death”
0

Academia Industry

Resources

Time

%
Basic Science Translational Science Clinical Science
Reproducibility

Clinical relevance
Structural
Investigator base

Technical expertise

Support
Intellectual
Regulatory

Privacy Issues
Funding
Incentives
Risk
Collaboration
Follow through
Time

Source: Seyhan, Attila. (2019). Lost in Translational — Crossing the Valley of Death: challenges in bridging the preclinical and clinical worlds concepts)



TRL

IPRL

Freedom to

MRL

Market

CRL

Consumer

SRL

Society

operate behaviour
9 levels 3 levels 12 levels 6 levels 5 levels
Maturity Maturity degree Maturity degree Maturity degree Maturity degree
degreein in terms of in terms of in terms of in terms of
terms of freedomto market & need consumer society
technology operate analysis behavior acceptance
development analysis analysis analysis

KIC InnoEnergy Innovation Readiness Level (IRL tool®)

Source: European Institute of Innovation and Technology promoted Knowledge and Innovation Communities, 2017



Technology Readiness Level (TRL): 9 levels, ranging from the Fundamental research up to the Market certification and

sales authorization

IP Readiness Level (IPRL): 3 levels, which range from the basic research based on IP Mapping up to the detailed and

complete freedom to operate in a global framework.

Market Readiness Level (MRL): 10 levels, which range from the identification of an unsatisfied need up to the Business
Model definition.

Consumer Readiness Level (CRL): it identifies the level of knowledge about the consumer and to what extent it affects
the product/service. This dimension is made up of 6 levels, which range from the consumer identification and needs up to

the consumer co-development

Society Readiness Level (SRL): it identifies the level of knowledge about the stakeholders’ interests and concerns and to
what extent the product/service impacts on society. This dimension is made up of 5 levels, which range from the

recognition of the stakeholders up to the involvement of the stakeholders.

(@)}

Source: METHODOLOGY FOR LINKING TECHNOLOGY INNOVATION TO ENERGY SYSTEM MODELS, 2017



Definition

Limitations

Innovation Readiness Level

tool (IRL tnulm]
First identified source : Developed
by EIT Kic Inno-energy

Compaosite measure built on various scales TRL,
IPRL, MRL, CRL, SRL (see box 4).

Difficult to implement in practice in
most innovation projects, being an
advanced tool.

Innovation Readiness Level
(IRL)

First identified source : university of
liege in the context of the H2020
project PROGRESSTT

IRL is designed to better shape technologies
transfer programme. University of Liege has
launched a Prove of concept programme to bring
project from IRL 4 (prototype approved in labs.) to
IRLS (prototype approved in real environment). In
contrast to the IRL tool developed by the EIT KIC
Inno-energy, the intellectual property is considered
apart.

The project has reformulated the
Steps of TRL scale to better shape
with innovation policies and
instruments. A case study on
assessing IP and technology at the
university of Liege shows the
relevance of such tool when
designing a support measure.

Manufacturing Readiness Level
(MRL)

First identified source : US
Department of Defence
http://www.dodmrl.com/

MRL measures the maturity of manufacturing
readiness, similar to how technology readiness
levels (TRL). It can be used in general industry
assessments or for more specific application in
assessing capabilities of possible suppliers

Very specific to the manufacturing
sector

Technology Readiness Index
(TRI)

First identified source : Parasurama
A, 2000

Measure to assess people's general beliefs about
technology. It is comprised of 4 dimensions:
optimism, innovativeness, discomfort and
insecurity.

Measure mainly used for digital
technologies and products

Technology Acceptance model
(TAM)

First identified source : Davis and
Bagozzi, 1989

TAM predicts the people's technology-adopting
behaviour at work environments.

Developed in the 80s, it assesses the acceptance of
IT by asking individuals about their future intentions
to use the IT.

Measure focussed on
individual "user' of IT

Source: European Commission, DrawingfundingandfinancingscenariosforeffectiveimplementationofSmartSpecialisationStrategies: S2E Technical report, 20186




Definition

Limitations

Societal Readiness Level (SRL)

Horizon2020-5WAFS (Science with
and for Society) project
“"MewHoRRIzon"
https:/fnewhaorrizon_eu/

SRL identifies the level of knowledge about the
staksholder's interests and concerns and to what
extent affects the product/service to the society.
SRL includes adequate legislation and governance
arrangements to mitigate adverse effects; and the
existence of mechanisms to ensure involvement of
citizens and societal actors in the production and
assessment of new knowledge and technologies.

The limitations of the use of TRL
considering that technological
readiness levels are actually always
sociotechnical, i.e. include
economic and sacial (and
sometimeas political) readiness)

Human Readiness Level (HRL)
First identified source - US Nawval
Postgraduate School (MPS)

HRL Measures the likelihood of usable, fit-for-
purpose systems being delivered to the end-users is
getting every closer

First developed for military
purposas, no other use identified

Societal Readiness Level (SRL)
First identified source : Innovation
Fund Denmark

SRL assess the level of socdietal adaptation of, for
instance, a particular social project, a technology, a
product, a process, an intervention, or an
inmowvation

(social or technical) to be integrated into society.

Mo other use of SRL scale identified

System readiness level [SRL)
First identified source : Sauser et
al 2002

SRL incorporates the current TRL scale, and
introduce the concept of an integration readiness
lewvel {IRL) to dynamically calculate a SRL

index

Technology criented and
potentially difficult to use for policy
purpose

Market readiness level
(MRL)(2)

MRL{2) measures the need of a technology in the
market from the identification of an unsatisfied
need to the full commercialization and scaling

MRL (2) is related to TAM and TRI.
MRL(2) should be used ex-ante the
implementation of R&I policies.
MRL should have been taken into
account upstream when 53
specialisation is decided through
the entrepreneurial discovery
process.

Demand Readiness Level [DRL)

First identified source : Paun F.,
2011

DRL addrasses the Market Pull approach while
doing technology transfer and technological
inmowvation

DRL is similar to MEL. DRL and MRL
should be considered at broader
lewel than region itself. European
and international demand/market
should be considered.

Source: European Commission, DrawingfundingandfinancingscenariosforeffectiveimplementationofSmartSpecialisationStrategies: S2E Technical report, 20187




Why use TRL?

= A Technology Readiness Level (TRL), describes the maturity of a given
technology relative to its development cycle.

= At its most basic, it is defined at a given point in time by what has been
done and under what conditions.

e TRL is used as
» a program management tool
— a common understanding of science and technology exit
criteria
— a consistent comparison of maturity between different
types of technology

— a communication tool between technologists and
managers

‘1'7im: lkeda, M., Kurata, M, Minato, K., et al. Technology Readiness Levels for Partitioning and Transmutation of Minor Actinides in Japan, San Francisco, USA, 1-4

November 2010.
James Bilbro ., et al. Status of the development of an International Standards Organization (ISO) definition of the Technology Readiness Levels (TRL)

and their criteria of assessment, 2010.



TRL and Valley of death

Gap in Manufacturing Innovation

Government
& Universities

Private Sector
Gap
S

Valley of death

Investment

Technology Readiness Level
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Preliminary scientific evidence = Evidence for scalability Product performance Ready
= Labscale validation Verified, scaled, adapted

Source: Dr. Tapan Kumar Khura,Division of Ag. Engg. , ICAR-IARI New Delhi



Market failure: Bridging the Valley of Death catAPULT

High Volue Manufocturing

Early innovation Technology implementation

and research and development through to successtul operations

TRL4 TRLS5 TRL®6

Research

establishments Catapult focus

Valley of Death
Technology Readiness Scale developed by NASA.
Technology Readiness Level 1-3 is the stage from idea to interesting prototype.
This often takes place in a research institution, university or laboratory.
TRL 4-6 is the translational space which moves the prototype to proof of commercial viability
TRL 7-9 is where private investment turns the proven concept into industrial scale manufacturing activity.
The translational activity is the risky, expensive stage, often involving significant investments without any guarantee of success.
It is estimated that 80% of innovations fail in this so-called Valley of Death.
Other countries recognise this market failure and have put in place support mechanisms.
The NCC a member of the UKs High Value Manufacturing catapult fit in the translational space.

(C) seposiies catAPULT
CENTRE i Ves ¥ emtecns g

© haconat Compoctes Cantre A3 rght resrme. Corficertial aad progrtwtary dacamert. Sam Powers oiw Tenplsts

Source: National Composite Centre, 2016
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NASA Definitions of each TRL Level

Sustainment T LAUNG @ Actual system “flight proven” through successful
and Support _ mission operations
. TRL 8 Actual system completed and “flight qualified”
Pg)dulctlon art]d vetonert gy through test and demonstration (Ground or Flight)
eploymen
Y TR T System prototype demonstration in a space
i environment
Technology .
Demonstration . System/subsystem model or prototype demonstration
System — = in a relevant environment (Ground or Space)
y
Development Component and/or breadboard validation in relevant
and T,,g'.f,‘,;:};’,};,‘g‘;“ . | environment

Component and/or breadboard validation in laboratory
environment

Demonstration

Research to Prove
Feasibility Analytical and experimental critical function and/or

characteristic proof-of-concept

Concept and Basic Technology Technology concept and/or application formulated

Research
Technology
Development

Basic principles observed and reported

12
NASA, HRST Technology Assessments Technology Readiness Levels, Chart.



Technology Readiness Level (TRL) Process

NASA's quest to make jet engines quieter
led to the development of chevrons, which
moved relatively quickly through the TRL
process to be deployed into the
commercial marketplace.

—TRL 7 (2001-2
« Validation of concept in flight
« Flight tests, final design

TRL 6 (1998-2000)

« Full scale tests for acoustics and aerodynam
« Static engine tests o

/.‘;

TRL 4-5 (1995-1997)

« Model tests for acoustics and aerodynamlcs
- eSub-scale model tests

MY PR e, S

TRL 3 (Early 1990s)

« Applications to small nozzles and airfoils
e Lab tests, concept on paper

TRL 1-2 (1980s)

« Fundamental investigations of air-mixing devices (tabs, chevrons, etc.)
« No specific application, basic research in fluid physics

https://serkanbolat.com/2014/11/03/technology-readiness-level-trl-math-for-innovative-smes/
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INO TRL Definition

Phase of Development - .
TRL1 The scientific research phase
Exploratory
TRL 2 The applied research phase
TRL 3 Analytical and experimental proof-of-concept for the critical
) functions of the technology
The component and /or breadboard validation in done 1n a
Development TRL. 4 P .
laboratory environment
TRL S A higher fidelity breadboard is validated in the application specific
) or relevant product implementation environment
o Test IRL 6 A representative model or prototype of the system (alpha prototype)
1s tested 1n the environment of the application
Demonstration of functionality of an actual prototype (beta system)
p Test TRL7 i . . : -
in the intended operational environment
Pre-production TRL S Pre-production phase
Production TRL 9 Production phase

Source: Lewis Chen, New Venture Business Director CIS, ITRI, 2014

15



TR B ToR TR

dustr i Technulogy
Research Inatitute

Canada INO TRL Definition

*TRL.1-9 : Exploratory/Development/a test/p test/Pre-Production/Product

Figure 1 INO TRL description.

Type of
activity

Product
similarity

Environ-
ment !

Responsi-
bility

INO :Institut national d'optique

Source: Lewis Chen, New Venture Business Director CIS, ITRI, 2014
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Commercialization Chasm
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EXAMPLES OF Research and Technology Organisations (RTOs) WORKING ALONG THE
WHOLE VALUE CHAIN (1)

New printed intelligence into PrintoCent pilot factory

The idea of printed intelligence originated
from RTOs and companies rather than
from basic research. Idea development
required formulation of the scale (What

kind of material can be used as ink? What i 5 oo
kind of components would be needed? On o TR ,;',f,‘;‘:';',',,',

what kind of material can the inks be ', : oo e
printed?). All of those were crucial | - '
questions that needed to be answered
before massive pilot lines could be thought
of. Nowadays this research has led to a
whole new industrial branch. After basic
scales of printing process and materials
were assessed, the actual components :
gelre desigc?ed and lcgnstrurc]ted a;c] V1IT in T ET

ulu in order to validate the technology. """’I
First product ideas were formulated and a TRLStatus K Completedtyindustry or R10
manufacturing line for their pilot production prepared. The research and development work has led to a
unique collection of several pilot production that enable even piloting mass production. Several product
families have been tested (photovoltaics, bio-based printable power sources, printable diagnostics). A
total of 14 spin-off companies have been or are currently supported by the pilot facility, and new ideas
and refinements are constantly developed.

Aun: EARTO, The TRL Scale as a Research & Innovation Policy Tool, EARTO Recommendations, 2014. 19




EXAMPLES OF RTOS WORKING ALONG THE WHOLE VALUE CHAIN (2)

LUMBIA, Re-education system against low back pain

Low Back Pain (LBP) is the leading cause
of activity limitation and work absence
throughout much of the world. Tecnalia,
by means of the FIK initiative (private
fund for R&D) and with the crucial

contribution of the company BTS
Bioengineering, has created LUMBIA, a
wearable postural re-education device
based on electromyography (EMG), for the
assessment, prevention and treatment of
low back pain. It acts by alerting the user
via on-spot vibro-tactile feedback, when
the unaided muscular activation pattern is
not adequate. As an assessment tool,
LUMBIA is a non-invasive tool that can be
used during educational interventions,

LUMBIA by Tecnalia

~ 1'
— 1 ’{j__ BTS Bioenginesring

Expected mid-2044

mmmmmm

IMVERTION CORCEPT FROTOTYPRIG BAHD =11
WRLIDA TR IHROUATION IRCLBATION DEL

eARTo [ Completed by RTOs
TRL Status Ll completed by industry or RTOs spin-offs

back training programs, cognitive behavioral treatment plans and multidisciplinary bio- psychosocial
rehabilitation plans. In order to be able to bring a device to the market in the EU, the device must meet
the essential requirements of the Medical Devices Directive as well as the standards related to its device
class. For the US market, any new product needs to meet the Food and Drug Administration’s
requirements. This step is currently being done by BTS Bioengineering to reach a TRL level 8 stage before
full deployment in the market by BTS Bioengineering.



EXAMPLES OF RTOS WORKING ALONG THE WHOLE VALUE CHAIN (3)

Innovative Production Process: Processed Biomass, from seed to heat

Lattra Farm Bioproducts is an agricultural
business which has been operating a
small-scale commercial briquetting plant
in Sweden since 1994. In light of
increasing woodchip prices and growing
competition for raw material, the plans to
start local production of reed canary grass
(RCG) briquettes began in 2003. Today,
the company has equipment to
incorporate  RCG as raw material in
briquette production; but, more work was
needed to achieve an optimal production
chain for commercial operations. SP
Technical Research Institute of Sweden
has worked together with Lattra Farm and
local energy providers to develop and
optimize the production and briquetting of

New Processed Biomass as Energy for Heating by SP

INVENTION CONCEPY PAOTOTYPING AND  PULOT PROOSMTON ARD

VALDATION INNOVATION INCUBATION DEMONSTRATON

EARTO B Completed by RTO=
TRL Status L Completed by industry or RTOs spin-offs

RCG to achieve high-grade solid fuel which can be used in new and existing heating plants. Work is
continuing to further improve the efficiency production and briquetting as a sustainable use of processed
biomass from the field to commercial application in building heating.



Moghvmioiy TRL tuchvus:tne

NASA, USA.

Horizon 2020, EU

Office of Environmental
Management
US. Department of Energy

Sandia National Lab, USA.

TRL 1 Basic principles observed and
reported

TRL 2 Technology concept and/or
application formulated

TRL 3 Analytical and experimental
critical function and/or characteristic
proof-of concept

TRL 4 Component and/or breadboard
validation in laboratory environment

TRL 5 Component and/or breadboard
validation in a relevant environment

TRL 6 System/subsystem model or prototype
demonstration in a a relevant envi-
ronment

TRL 7 System prototype demonstration
in a space environment

TRL 8 Actual system completed and
“flight qualified” through test and
demonstration (ground or flight)

TRL 9 Actual system “flight proven”
through successful mission opera-
tions

TRL 1 Basic principles observed

TRL 2 Technology concept formulated
TRL 3 Experimental proof of concept
TRL 4 Technology validated in lab

TRL5 Technology validated in relevant
environment (industrially relevant
environment in the case of key
enabling technologies)

TRL 6 Technology demonstrated in
relevant environment (industrially
relevant environment in the case
of key enabling technologies)

TRL 7 System prototype demonstration in
operational environment

TRL 8 System complete and qualified

TRL 9 Actual system proven in operational
environment (competitive manufac-
turing in the case of key enabling
technologies; or in space)

TRL 1 Basic principles observed and
reported

TRL 2 Technology concept and/or appli-
cation formulated

TRL 3 Analytical and experimental critical
function and/or characteristic
proof of concept

TRL 4 Component and/or system
validation in laboratory environment

TRL 5 Laboratory scale, similar system
validation in relevant environment

TRL 6 Engineering/pilot-scale, similar
(prototypical) system validation in
relevant environment

TRL 7 Full-scale, similar (prototypical)
system demonstrated in relevant
Environment

TRL 8 Actual system completed and
qualified through test and demon-
stration.

TRL 9 Actual system operated over the
full range of expected conditions.

Source: https://www.nasa.gov/directorates/heo/scan/engineering/technology/txt_accordionlhtml
http://ec.europa.eu/research/participants/data/ref/h2020/wp/2014_2015/annexes/h2020-wp1415-annex-g-trl_en pdf
Technology Readiness Assessment Report, Office of Environmental Management US. Department of Energy, 2010
Sandia National Labs “Measuring the Maturity of a Technology : Guidance on Assigning a TRL", October 2007.

TRL 1 Basic principles observed and
reported

TRL 2 Concept and/or application
formulated

TRL 3 Concepts demonstrated
analytically or experimentally

TRL 4 Key elements demonstrated in
laboratory environment

TRL 5 Key elements demonstrated in
relevant environments

TRL 6 Representative of the deliverable
demonstrated in relevant environ-
ments

TRL 7 Final development version of the
deliverable demonstrated in ope-
rational Environment

TRL 8 Actual deliverable qualified
through test and demonstration

TRL 9 Operational use of deliverable
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System Test, Launch
& Opertions

System/Subsystem
Development

Technology
Demonstration

Technology
Development

Research to Prove
Feasibility

Basic Technology
Research

"
TR

_—

Operational use of deliverable

Actual deliverable qualified through test and demonstration

Final development version of the Operational environment
deliverable demonstrated in

Representative of the deliverable Relevant environment
demonstrated in

Key elements and/or breadboard Relevant environment
demonstrated in

Key elements and/or breadboard Laboratory environment
demonstrated in

Concepts demonstrated analytically or experimentally
Technology concept and/or application formulated

Basic principle observed and reported

AUY: Adapted from Sandia National Labs “Measuring the Maturity of a Technology : Guidance on Assigning a TRL", October 2007

Adapted from Technology Readiness Levels in the Department of Defense (DoD) http://en.wikipedia.org/wiki/Technology_readiness_level

mAduly

KooUuHuAaMS

DVAADIIS/
VIUIDYWUTIU/
Research to
Prove Feasibility

Adapted from NASA Small Business Innovation Research & Technology Transfer 2012 Program Solicitations http://sbir.gsfc.nasa.gov/SBIR/sbirsttr2012/solicitation/forms/appendix_B.pdf 27



.
TR e

stauauwsauudvinaluladlutys:auaduennuovinalulad

wawasuulavusundvuadoulkl dovriimsus:idu TRL tulkhnudvudadouiua

Wavudse/inAlulad yav &ony. s nludovwauuao avucis:Gu TRL 1-9 msdvudunavmuise/
tnnIuIauuuaqnuﬁnumwn:nuwsauuaognm (nsuidAnomwagv = donu. douauuamunu TRL
s:duchld Wnsulfdngmwch aonu. fdavavnuwaumuddgouludvs:au TRL nnaumoqo)

TRL ruedvinaluladrsaduuuunaasiouri/ns:uoumsiinuwsaulsd ucdid:ignmnsaguhlutsvmu
néaluduludnUs:Gukiiv nouu!un:suns~nu TRL numsadignaainalulad/ Licensing

misus:tdus:au TRL d@vudu adsus:lidu u DaNdavUsULIU




A1anAnAIMY TRL atfunr1uing

warzayadiiuduu (Supporting Information)

TRL 1 : ndnn1siugulasun1siiansauazinissaeu

dagune dnsAansanvdnnisiugsiunmeinemansiatuayundnnisardyzasnatulad

] ]
a o

Taafinsnumutandsuazdnuilaniaaiag (Literature review/Prior art)

O angsasduanisd@neiuaznuidaiifaidasdundnaistiugiunieinendaiansuay
malulafifaafiluade Taaszyd1vdeindilas vinnns@nwiavayls lanaadiv’ls vla
waytdale (Literature review/Prior art)

TRL 2 : finsasvuwmaasunalulad way/uia nsudszaneilal

fagune Buvinnsndiangiidassduiadufundnnisiugsruneinemansuas
waTulafuazanuiuldlatunisdszanedlyd Taadvluinsigainiaiinnvilunaazidas
N TURUUINNAFIU

angsasdas@nanuilulillduasuuifa/nsdszanslyd TRL 2 dsznausi

O wasyluwiAnannnisinnsinanuidafiiieniag

O wasgdenuiulilldnivinamaaasuasuuifa/nslszansldinalulad Taafinisszy
Technical challenge Jouduiifianuen anuvivne wazanulviadne'ls

O Awualanedide, aauiuauasouile uagignisadunuile

O dadvuaniamadia (Specification) w3a aadnweawy (Feature) fiavsiunasuaniuise
vilhuune wiasgunfgiuuaseruida (Hypothesis)* w3a ANsaanluuLuULNUATNARAY/
n15338 (Experimental design)*

*unsaiiiiuouitamesiuasdanug A lifidadivuamenadaiitdaiau

un: gfianisdseiuszduanunsanmalulad (TRL &N, vasiu 2.2 »



Technology
Readiness
Levels (TRLs)

TRL-1

continued

Muost Do:

~ Expand section in core proposal on
societal, environmental, or
econamic need that will be
addressed: identify relevant
market, target customers,
customer needs, direct and
indirect competitors, competitive
advantages.

— QOutline commercialization plan.

— Develop "elevator speech” and
“pitch deck™ to summarize key
concepts / TAL-1 results for
potential investors / funders.

— Prepare peer-reviewed paper, if
appropriate.

— Begin preparing business plan.

e
Adabe Stock 55123326 Licensed to
Amerizan Diversified Energy, LLC

Federal Funding Opportunities

{continued)

*  Farming and Ranching: agriculturc! safety, aaricultural
technology. former educotion, organic agriculture, small
and fomily forms, sustainable agriculture

» Food Science: food quality, food safety International:
global food security

»  Noatural Resources: oir, forests, grasslends and
rongelands, soil, water

»  Plants: crop production, pest management, plant
breeding, plant health

U.5. DEPARTMENT OF Derense (DOD)
More than 1,000 gront cpportunities are offered each year by
the DOD through its various bronches of service, medical units,

laboratories,

research  projects, engineering  divisions,

environmental cleanup and restoration programs, business and
inventory management divisions, and energy security initiotives.
These include:

o

Defense Advanced Research Projects (DARPA)

DARPA’s mission is “to make pivotal investments in
breokthrough technologies ond capobilities for national
security.” DARPA has repeatedly delivered on that mission,
tronsforming revolutionary concepts ond even seeming
impossibilities into proctical copabilities. The results have
included not only game-changing military copabilities such
as precision wegpons and stealth technology, but clso such
icons of modern civilion society such as the Internet,
automated voice recognition and language translation, and
Global Positioning System receivers small enough to embed
in myriad consumer devices.

DARPA explicitly reaches for transformational chonge
instead of incremental advances. It is looking for promising
technologies within science ond engineering research
communities, These new designs and technologies have to
radically improve military capabilities, offering “strotegies to
surprise our adversaries,” with poaycffs for non-military uses
afterwards (such as the computer, ceramic bearings, and
insulators). The DARPA investment has to fundamentally
reshape existing fields or create entirely new disciplines
and tronsform these initiatives into profoundly new, game-
changing technologies for U.S. national security ond the
commercial ond private sectors

Technology
Readiness

Levels (TRLs)
NEXT UP: Basic Research (continued) /
Research to Prove Viability

Federal Funding Opportunities

{continued)

TRL-2

The application, ufilization, and
operation of the technology.
concept, process. or approach is

formulated. Design and novel
features are validated through
model or small-scale testingin a
laboratory environment. Technical
and business potentizl are
confirmed.

SUCCESSFUL COMPLETION:

when it is shown that the proposed
technology, concept, process, or
approach can meet specified
acceptance criteria with additional
testing.

Most-Do:

— Update core propesal, along with
feasibility, risk and solution
measures, based on TRL-2 results.

— Prepare value proposition.

— Expand economic and market

analysis: conduct market study to

flesh out details on target
customers, customer needs,
competitors, and competitive
advantages.

Complete descriptions of

company, management,

propesed products and services,
and market anzlysis sections of
business plan.

— Refine “elevator speech”™ and
“pitch deck.™

- Assess intellectual property value
of R&D in case the idea, concapt,
procass, or approach is ultimately
net ready for commercialization.

TRL-2

Federal funding opportunities:

= NaTioNaL SCiENCE FOUNDATION (NSF)
See description of financial support under TRL-1 above

= LS. DEPARTMENT OF AGRICULTURE (USDA)

o National Institute of Food and Agriculture (NIFA)
See description of financial support under TRL-1 above
* LS. DepARTMENT OF Derense (DOD)
See description of financial support under TRL-1 above
o Defense Advanced Research Prajects {DARPA)
See description of financial support under TRL-1 above
o Defense Innovation Unit Experimental {DIUx)
DiUx is o Silicon-Valley bosed and inspired, fost-moving
government entity thot provides non-dilutive capital to
companies to solve national defense problems. It can move
from initial presentation to approval of o funding eward in
as little as 20 days. It seeks to contract with companies
offering disruptive, game-changing solutions in o ronge af
areas — from autonemy and artificial intelligence to human
systerns, information technology, and space — to solve o
host of defense problems. View the PBS NewsHour special
oen DiUx that oired on Auwgust 15 2018 ot
hitps:/ferwve.pbs.org/newshour/shovw/how-the-pentagon-
Jjoins-forces-with-silicon-valley-stortups.
o Other DOD grant opportunities
See description of financial support under TRL-1 cbove
= LLS. DEPARTMENT OF ENERGY (DOE)
DOE funding for ideas, concepts, ond gpproaches in the TRL-2, -
3, and -4 stages of development typicolly come through the
DOE’s SBIR/STTR progrom, which issue SBIR/STTR funding
solicitotions twice per yeor tied to specific areas of focus from its
various offices, except for ARPA-E. [See the Phase | SBIR/STTR
description below.) Eoch DOE office also issue periodic Funding
Opportunity Announcements [FOAs) targeted to o wide range of
TRLs for research, development, ond demonstration in the fields
of interest related to their missions. These include:
o Advanced Research Program Agency — Energy (ARPA-E)
See description of finenciol support under TRL-1 above

https://www.biofuelsdigest.com/bdigest/2018/10/15/federal-funding-opportunities-for-each-of-the-nine-technology-readiness-levels-part-1-trls-1-3/ 5
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Technology
Readiness
Levels (TRLs)

Adobe Stock 108048373 Licensed to
American Diversified Energy, LLC

‘Technology Devel

TRL-3

INITIATION OF ACTIVE RRD

Prootf-of-concept studies and

laboratory analyses are
conducted to test and validate

analytical and experimantal

critical functions and
characteristics. Bench-scale,

pratatype, and model

Federal Funding Opportunities

The objective of Phase ! is to estoblish the technical merit,

{continued)

[feasibility, and commerciol potential of an applicant’s proposed
research and research and development (R/R&D) efforts and to
determine the quolity of performance of the small business
organization prior to providing further federal support in Phose
II. 5BIR Phase | ewards normally do not exceed 5150,000
(although, in a few cases, owards may go up to $225,000) and
are for projects lasting 6 to 12 months. The agencies that offer
SBIR grants are as follows.

o
o

000 O

0

U.S. Department of Agriculture (USDA)

U.5. Department af Commerce {DOC):

= National Institute of Standards (NIS)

= National Oceanic and Atmospheric Administration
(NOAA)

U.5. Department of Defense {DOD) — also offers Phase |

STTR grants

U.5. Department of Energy (DOE) — also offers Phase | STTR

grants

U.S. Department of Health and Human Services (HHS),

induding the National Institutes of Health (NIH) - also

offers Phase | STTR grants

U.S. Department of Homeland Security (DHS)

U.5. Department of Transportation (DOT)

U.S. Environmental Protection Agency (EPA)

National Aeronautics and Space Administration (NASA) -
also offers Phase | STTR grants

National Science Foundation [NSF} — also offers STTR grants

NEXT UP: Research to Prove Feasibility (contiued) |

mrﬂl funding opportunities:

NaTionaL Science Founpation {NSF)
See description of financial support under TRL-1 above
U.S. DEPARTMENT OF AGRiCULTURE (USDA)

o

National Institute of Food and Agriculture {NIFA)
See description of financiol support under TRL-1 above

U.S. DepaRTMENT OF Derense (DOD)

o

o

Defense Advanced Research Projects (DARPA)
See description of financiol support under TRL-1 above
Defense Innovation Unit Experimental (DIUx)

Technology
Readiness
Levels (TRLs)

TRL-3

continued

COMponents, Units, process reactors,
and simulators are built and
functionally demonstrated,
individually or in series, through
testing over a limited range of
simulated or actual operating
conditions.

SUCCESSFUL COMPIETIDN:

when it is shown that critical
functions and characteristics cperate
or respond as projected.

Musr-Do:

— Update core proposal, value
proposition, and business plan
basad on TRL-3 results

— Identify areas that need further
development: concepts that have
baen
thoroughly researched in the lab
with no consideration given to
scala-up challenges should be
viewed as insufficiently de-risked.
Conversely, a highly detailed
design with
an unproven core element should
be dismissed.

— Begin development of financial
model: identify and
quantify input and production
costs.

— If minimum cost is unacceptable,

additional work will be required to

identify different inputs, sources of
inputs, and production methods to
lower costs.

— This stap is necessary to validate

the value proposition and
commercial viability of the
proposed technology, concept,
process, or approach to give
confidence to investors and other
funders that it is ready for scale up.

Federal Funding Opportunities

(continued)

See description of financial support under TRL-2 above
o Other DOD grant apportunities
See description of financial support under TRL-1 cbove
U.S. DeparTMENT OF ENErGY (DOE)
o Advanced Research Program Agency — Energy (ARPA-E)
See description of financial support under TRL-1 above
o Office of Science (OS)
See description of financiol support under TRL-1 above
o Office of Fossil Energy (FE)
See description of financial support under TRL-2 above
o Office of Energy Delivery and Reliability {OE) and
Office of Cybersecurity, Energy Security, and Emergency
Response (CESER)
See description of finoncial support under TRL-Z above
o Office of Energy Efficiency and Renewable Energy (EERE)
See description of financial support under TRL-2 above
Prase | SmaLL Business INNOvaTiON ResearcH {SBIR) anD SmawL
Business TecHNOLOGY TRaNSFER (STTR)
See description of Phase I financial support under TRL-Z above
o U.S. Department of Agriculture {USDA)
o U.S. Department af Commerce (DOC):
=  National Institute of Standards (NIS)
= National Oceanic and Atmospheric Administration
(NOAA)
U.S. Department af Defenze {DOD)
U.S. Department af Energy (DOE)
U.S. Department of Health and Human Services (HHS),
including the National Institutes of Health (NIH)
U.S. Department af Homeland Security (DHS)
U.S. Department af Transportation (DOT)
U.S. Environmental Protection Agency (EPA)
National Aeronautics and Space Administration (NASA)

000

o000

o National Science Foundatuon (NSF)

https://www.biofuelsdigest.com/bdigest/2018/10/15/federal-funding-opportunities-for-each-of-the-nine-technology-readiness-levels-part-1-trls-1-3/
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Technology
Readiness
Levels (TRLs)

TRL-4

INTEGRATION OF BASIC
COMPONENTS

The baslc elements, components,

and processes central to the
technology, concept, process, or
approach are integrated.

Component. process, and/or

bench-scale validation is

conducted in a laboratory
environment to establish that
the pieces will work together,

SUCCESSFUL COMPLETION:

when it is shown that the pleces
work together, and the new
technology, concept, process, or
approach Is ready for first use.

l The first installment of this article,

Federal Funding Opportunities

(continued)

which covers TRLs 1-3, appeared in
BioFuels Digest on [ yesterday. You may view this

article at [link).

m-mu-umm-mu
NaTionAL SaENcE FounoaTion (NSF)
See description of financial support under TRL-1 above

* U.S. DEPARTMENT OF AGRICULTURE (USDA)
o National Institute of Food and Agriculture (NIFA)

See description of financial support under TRL-1 above

* U.S. DeparTMmENT OF Derense (DOD)

o Defense Advanced Research Projects (DARPA)
See description of financial support under TRL-1 above
o Defense Innovation Unit Experimental (DIUx)

See description of financial support under TRL-2 above

Other DOD grant opportunities

See description of finoncial support under TRL-1 above

= U.5. DeparTmeNT oF Eneray (DOE)

o Advanced Research Program Agency — Energy (ARPA-E)

See description of financial support under TRL-1 above

Technology

Readiness Levels

(TRLs)

TRL-4

continued

Musr-Do:

— Develop / refine inltial flow sheets,

schematics, heat, material, energy
balances, etc.

— Refine financial models and costs

- Update core proposal, value
proposition, and business plan
based on TRL-4 results

- Ensure update presents a
compelling story to investors and

funders; moving to TRL-5 requires a

significant investment to support
additional technical labor and
capital equipment.

Federal Funding Opportunities

(continued)

o Office of Science (OS)
See description of financial support under TRL-1 above
o Office of Fossil Energy (FE)
See description of financial support under TRL-2 above
o Office of Energy Delivery and Reliability (OE) and
Office of Cybersecurity, Energy Security, and Emergency
Response (CESER)
See description of financial support under TRL-2 above
o Office of Energy Efficiency and Renewable Energy (EERE)
See description of financial support under TRL-2 above
PHASE Il SmALL BusINgss INNOVATION ReSEARCH (SBIR) anD
SmaLL Business TecunoLocy Transrer (STTR)

The objective of Phase Il |s to continue the R/RED efforts
nitioted in Phase |. Funding is based on the results achieved in
v)u;n | and the scientific and technical merit ond commercial
potentiol of the project proposed in Phase ll. Only Phase

owardees are eligible for a Phase Il award. SBIR Phase |l awards
normally do not exceed 51.5 million in total costs for 2 years
o US. Department of Agriculture (USDA)
o U.S. Department of Commerce {DOC):
= National Institute of Standards (NIS)
s National Oceanic and Atmospheric Administration

(NOAA)
o US. Department of Defense (DOD) - also offers Phase |
STTR grants
o U.S. Department of Energy (DOE) - also offers Phase || STTR
grants

o US. Department of Health and Human Services (HHS),
incduding the National Institutes of Health (NIH) - 2lco offers
Phase |1 STTR grants

U.S. Department of Homeland Security (DHS)

U.S. Department of Transportation (DOT)

U.S. Environmental Protection Agency (EPA)

National Aeronautics and Space Administration (NASA)

also offers Phase 11 STTR grants

National Science Foundation (NSF) - also offers Phase ||
STTR grants

0 000

v)

NEXT UP: Technology Development (cntinued) /

Technolog

Demonstration

https://www.biofuelsdigest.com/bdigest/2018/10/22/federal-funding-opportunities-for-each-of-the-nine-technology-readiness-levels-trls-part-2-trls-4-9/12/



TRL 5 : avdilsznauiiddauvisauasanaaasdidnnsafindiiaag (Breadboard) 16
QNAEALATNFAIUTURN ISRV UUNTNRLALFNNICLIARANIZY

A1adune avAdsenauidndalagnisenauinsiaduduaddlssnauaTuauuaa9
FULULAY wazHunN1ITaNEauarigainisldnulugnaedausuuilndifaoanig
wWIRRANARY (Simulated environments)*

(TRL 5 fv'lsuiladsunuuniaguiu)

lanas/nangrutdvnaunIn TRL 5 dsenauee
O mesgiunsveaday wiajanisnesauinidadan iy Standard method g
WHRIEIIFIANNUFANITUT a9 U EALAEI a9 winlifiunasaade adsd
U EEAUAINSNNNT FUNAFIU Wau'ly waruauAUAINTNARAL
O wanisnadauluvasdiidnislugaiunisaldiaad/luan1isi&aunuui
INALALIENITWIAFANITI* FanAFAIAINANNGDINTTTAAZUsT a9 unaY
aauivane**  Auaaelvtiuitasdlsenauidrdusassunuundn s/
AsTUIUAITEINITAVINIUINAUAUaALsEna AT uAYud U 16 sauiefinag
FauiaunanIsnagauduguuagIu/daninuanidinaiia (Specification)
o'ty wiantleyminu
* ganswinaaudaunuuilnaifaeannzwiadanasirasusasinatulafagy
LANAIIAY LU AanswITazinisnagaulusedu Alpha versions naluladsau
WusHaviadad asuanad asdatdandseansifidnwazanuihviung Taanis
Ugnnialdaonasavlussduaaniinaaas (wilasiifinnsqua/muau) tlusu
* aguilviang iy andriaulanagausunuy wia aaaiaaIasidueFuy
aranaanalulad Taagna1asiilugaiius Requirement winlifignen aaslu
G‘\’)Lmundmﬂmmﬂﬁmvﬂaﬁa wia Third party #iinisauazandraansy vilus

ANUR 0
TRL)& . nasdu 2.2

NN ANANANTUITLHUITAUAINUNIAULNA LU LA



Technology
Readiness Levels
(TRLs)

TRL-9

VALIDATION OF OPERATIONAL
INTEGRITY

Component_process and/or
bench-scale validation is
conductaed in an actual or
simulated relevant environment.
The completion of TRL-5 marks the
end of bench-scale work and the final
reduction of scientific risk. For
technologles, concepts, processes, or
approaches that will produce an end
product, continuous, integrated tests
dunng TRL-5 should be designed to
produce small lots of the end product
with its intended formulations and
specifications, which should them be
validated through third-party testing
and analysis. These test lots can be
provided to investors, offtake
partners, and regulatory agencies.
Some developers in the

food, biomateriais and personal-care
spaces may have the opportunity in
TRL-5 to provide free samples to the
public and market test their
acceptance.

SUCCESSFUL COMPLETION:

when it is shown that the new
technology. concept, process, or
approach and its related processes,
systems, hardware, and components
operate as predicted in the intended
environment and are ready to be
integrated into a fully operational
prototype.

Musr-Do:

— Refine and expand technical and
engineernng capabHities (via new
hires or by engaging outside firms).

TRL-5

continued

Federal Funding Opportunities

fcontinued)

NATIONAL Scmvc: FOUNDATION (NSF)

Soe

-3 v

description of financiol support under TRL-I above

u.s. D!PARTMENT OF Asmcurrun: (USDA)

(=]

National Institute of Food and Agriculture (NIFA)

See description of financial support under TRL-1 above

U.S. DeparTmenT ofF Derense (DOD)

o

Defense Advanced Research Projects (DARPA)

See description of financial support under TRL-1 above
Defense Innovation Unit Experimental (DIUx)
See decscription of finoncial support under TRL-2 above

Other DOD grant opportunities

See description of financial support under TRL-1 above

U.S. DepARTMENT OF ENErGY (DOE)

o

o

o

Advanced Research Program Agency — Energy (ARPA-E)

See description of financial support under TRL-1 acbove
Office of Science (OS)
See description of financial support under TRL-1 above

Office of Fossil Energy (FE)

See description of financial support under TRL-Z aobove
Office of Energy Delivery and Reliability (OE) and

Office of Cybersecurity, Energy Security, and Emergency
Response (CESER)

See description of financial support under TRL-2 above
Office of Enetgy Efﬁdem:y and Renewable Energy (EERE)
See description of financial support under TRL-2 above

PHAsE Il SmaLL Business INNOVATION ResEarcH (SBIR) anp
SmaLL Business TECHNOLOGY TRaNSFER (STTR)

See description of Phase Il financial support under TRL

o
o

4 above

U.S. Department of Agriculture (USDA)

U.S. Department of Commerce (DOC):

= National Institute of Standards (NIS)

- National Oceanic and Atmospheric Administration
(NOAA)

U.S. Department of Defense (DOD)

U.S. Department of Energy (DOE)

U.S. Department of Health and Human Services (HHS),

including the National Institutes of Health (NIH)

U.S. Department of Homeland Security (DHS)

U.S. Department of Transportation (DOT)

U.S. Environmental Protection Agency (EPA)

National Aeronautics and Space Administration (NASA)

National Science Foundation (NSF)

I e
« Update and expand core proposal,

value proposition; cost
breakdowns; financlal model;
business plan; flowsheets; heat,
material, and energy balances; and
feasibility, risk, and solution
analyses based on TRL-S results

https://www.biofuelsdigest.com/bdigest/2018/10/22/federal-funding-opportunities-for-each-of-the-nine-technology-readiness-levels-tris-part-2-trls-4-9/12/
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Technology
Readiness Levels
(TRLs)

— Update and expand core proposal;
value proposition; cost
breakdowns; financial model;
business plan; flowsheets; heat,
material, and energy balances; and
feasibility, risk, and solution
analyses based on TRL-5 results.

Federal Funding Opportunities

{continued)

NEXT UP: Technology Dovolopmont (continued) |
Technology Demonstration (ontinued/

tem Development
federal funding opportunities:

As new technologies, concepts, processes, and approaches move
into TRL-6, the pool of grants and grant sources falls off —
significantly, by more than $10 billion — just as the costs for each
TRL escalate. For example:

System / Subsy
TRL-6

MODEL PROTOTYPE, OR PILOT

TESTING

A fully-integrated, fully-operational
system / subsystem model.
technology, prototype process, or
pilot is demonstrated in a
relevant environment, with
interface and functionality tests are
conducted. There |s no sharp
transition between TRL-5 and TRL-6,
which focuses on the design and
operation of a prototype or pilot-
scale (nominally 1/100th of
commercial scale) testing unit.
Prototype and pllot development
may still take place In a laboratory,
but experiments are carried out at
engineering scale, rather than bench
scale. Prototype and pilot-scale unit
operations may be designed and
procured while bench-scale work
continues, with the larger units
replacing smaller units as they are
brought online

for the

The 10,000+ grants and $7.5 billion of funding offered each
year by NSF focus solely on basic and applied research.

The bulk
of NFS's solicitations are targeted to TRLs 1-3, with a smaller

number of grants for TRLs-4 ond -5
The $300 million or so in annual grants available from DOE's
Office of Science and ARPA-E, with few except!

on basic and applied research and technology de

s, also focus

pment
Finally, the $2.5 billion offered each year through the
SBIR/STTR program [focus solely on stimulating (nnovation and

moving promising ideas and concepts up through TRL-5. While

gram Is targeted to ideas and concepts that

are initiated with a view toward eventual commercialization, its

| stoge does not include any additional grant funding:

PHASE Il SmacL Business Innovarion Research (SBIR) ano

SmaLL Business TecHnoLoGY Transrer (STTR)

The objective of the S8IR/STTR Phase I, where appropriate, is

small business to pursue commercialization objectives

rc,u'm"g frorn the Phase I/ll R/R&D activities. The SBIR program
es not fund Phase Nl; instead, the agencies that participate in

the SBIR/STTR program offer multiple grant and incentive

Technology
Readiness Levels
(TRLs)

TRL-6

continued

and validated. Engineering-scale
equivalents of all the unit operations
that will be required at scale,
including prototypes of any novel
operations such as product
separation.

SUCCESSFUL COMPLETION:

when it is shown that the technology,
concept, process, or approach has
demonstrated a sustained, consistent
functionality and is ready for scale
up. To the extent that there is a
“valley of death” for proposed
ventures moving up the TRL scale, it
s most likely to occur inTRL-5/ -6.
Careful selection and specification of
pliot, protype, and process
equipment in TRL-5, and a deep
understanding of their operational
nuances in TRL-6 is critical to a
successful continuous run in TRL-7.

Federal Funding Opportunities

(continued)

Ju nading opportunities

other

through their standing

solicitations to fund further

programs and
development of the
technologies, concepts ond opproaches that show commercial
promise in Phase 1/l R/R&D. For some federal ogencies, Phase
il moy involve follow-on non-5BIR funded R&ED or production
contracts for products, processes, or services intended for use by

the U.S. government.

Most of the agencies that participate in the SBIR/STTR
program, therefore, are potential source ol grants for TRL-
6.-1,and -8:
o U.S. Department of Agriculture {(USDA)
o U.S. Department of Commerce (DOC):
= National Institute of Standards (NIS)
= National Oceanic and Atmospheric Administration
(NOAA)
o U.S. Department of Defense {DOD)
o U.S. Department of Energy {DOE)
o U.S. Department of Health and Human Services (HHS),
including the National Institutes of Health (NIH)
o U.S. Department of Homeland Security (DHS)
o U.S. Department of Transportation (DOT)
o U.S. Environmental Protection Agency (EPA)

National Aeronautics and Space Administration (NASA)
m-mmmlmmammmoua
well as grants for projects appiying for grants al TRL-6 also
I'O avallable from:

U.S. DepARTMENT OF AGRicuLTURE (USDA)
o National Institute of Food and Agriculture (NIFA)

See description of financial support under
* U.S. DepARTMENT OF Derense (DOD)

o Defense Advanced Research Projects (DARPA)

See description of financiol support under TRL-1 above

o Defense Innovation Unit Ezpedmentﬂ (DIUX)
See description of financial support under TRL-2 above
Other DOD grant opportunities

See description of financial support

TRL-1I above

under TRL-1 above

* U.S. DeparTmENT OF EnErGY (DOE)

o Office of Fossil Energy (FE)
See description of finandial support under TRL-2 above

o Office of Energy Delivery and Reliability (OE) and

https://www.biofuelsdigest.com/bdigest/2018/10/22/federal-funding-opportunities-for-each-of-the-nine-technology-readiness-levels-tris-part-2-trls-4-9/12/



Technology
Readiness Levels

Federal Funding Opportunities

(continued)

(TRLs)

TRL-6

continued

Meust-Do:

— Update and expand all project
specifications, proposals, analyses,
economics, etc. based on TRL-6
results.

- The TRL-6 prototype, process, pilot,
model, or approach will be used by
an engineering, procurement, and
construction

Continued below:

Office of Cybersecurity, Energy Security, and Emergency

Response (CESER)

See description of financial support under TRL-2 above
o Office of Energy Efficiency and Renewable Energy (EERE)

See description of financial support under TRL-2 above
OTtuER FEDERAL GOVERNMENT AGENCIES beyond those listed
above and those that participate in the SBIR/STTR program
have grant programs and offer funding that may assist in, or
supplement other grants, in carrying out TRL-6. For a list of
these agencies, see TRL-7 below.

(EPC) or another appropriate firm to develop estimates for construction (or fabrication, development, or
manufacturing) for the TRL-7 demonstration-scale prototype, process, model, approach, or plant (at 1/10"
commercial scale) and develop relatively accurate (¢ 30-40 percent) capital / production cost estimates for the
full-size, commercial-scale technology, plant, process, product, or approach.

NEXT UP: Technology Demonstration (continued)/

System / Subsystem Development (ontinued /

System / Subsy

TRL-7
DEMONSTRATION-SCALE

A fully-integrated. fully-operational
system / subsystem model,
technology, prototype. process, or
pilot is demonstrated in an

operational environment. Tests are
conducted under sustained day-in

and day-out operating conditions
over a prolonged perlod (a
continuous, steady-state run of 1,000
hours Is the Industry standard for
new technologles, equipment,
processas and plants to instill
confidence in investors and funders).
Investors and funders will most likely
employ independent

TRL-7

tem Demonstration

Federal funding opportunities:

See description of funding opportunities for TRL-6, above. Other
funding opportunities may be available, if there is a fit with your
technology, concept, process, or approach, from:

U.S. DepArTMENT OF Commerce (DOC)

DOC has one overarching goal: Helping the American Economy
Grow. The DOC promotes job creation and economic growth,
provides the dato necessary to support commerce, oversees
ocean and coastal navigation, and fosters innovation by setting
standards oand conducting foundotional research and
development. Of its nine bureaus, five provide occasional grant

ond funding opportunities that can assist with moving
commerce-related and oceanic- ond otmospheric-reloted
technologies, concepts, and approaches through odvanced

TALs. These include:

o Economic Development Administration (EDA)

National Institute of Standards & Technology (NIST)
National Oceanic and Atmospheric Administration (NOAA)
Institute of Standards & Technology (NIST)

o 00

o National Telecommunications & Information

https://www.biofuelsdigest.com/bdigest/2018/10/22/federal-funding-opportunities-for-each-of-the-nine-technology-readiness-levels-trls-part-2-trls-4-9/12/
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Technology
Readiness Levels
(TRLs)

TRL-6

continued

Meust-Do:

— Update and expand all project
specifications, proposals, analyses,
economics, etc. based on TRL-6
results.

- The TRL-6 prototype, process, pilot,
model, or approach will be used by
an engineering, procurement, and
construction

Continued below:

Federal Funding Opportunities

(continued)

Office of Cybersecurity, Energy Security, and Emergency

Response (CESER)

See description of financial support under TRL-2 above
o Office of Energy Efficiency and Renewable Energy (EERE)

See description of financdial support under TRL-2 above
OTHeER FEDERAL GOVERNMENT AGENCIES beyond those listed
above and those that participate in the SBIR/STTR program
have grant programs and offer funding that may assist in, or
supplement other grants, in carrying out TRL-6. For a list of
these agencies, see TRL-7 below.

(EPC) or another appropriate firm to develop estimates for construction (or fabrication, development, or
manufacturing) for the TRL-7 demonstration-scale prototype, process, model, approach, or plant (at 1/10"
commercial scale) and develop relatively accurate (¢ 30-40 percent) capital / production cost estimates for the
full-size, commercial-scale technology, plant, process, product, or approach.

NEXT UP: Technology Demonstration (continued/

System / Subsystem Development (continued)/

System / Subsy

TRL-7
DEMONSTRATION-SEALE

A fully-integrated. fully-operational
system / subsystem model,
technology, prototype. process, or
pilot is demonstrated in an

operational environment. Tests are
conducted under sustained day-in

and day-out operating conditions
over a prolonged perlod (a
continuous, steady-state run of 1,000
hours s the Industry standard for
new technologles, equipment,
processes and plants to instill
confidence in investors and funders).
Investors and funders will most likely
employ Independent

TRL-7

tem Demonstration

federal funding opportunities:

See description of funding opportunities for TRL-6, above. Other
funding opportunities may be available, if there is a fit with your
technology, concept, process, or approach, from:

U.S. DeparTmenT of Commerce (DOC)

DOC has one overarching goal: Helping the American Economy
Grow. The DOC promotes job creation and economic growth,
prV.'C".‘b [n‘ii’ dato necessary to ‘:‘JCPO’f commerce, oversees
ocean and coastal navigation, and fosters innovation by setting
standards and conducting foundotional research and
development. Of its nine bureaus, five provide occasional grant
ond funding opportunities that con assist with moving
commerce-related and oceonic- ond otmospheric-reloted
technologies, concepts, and approaches through advanced
TALs. These include:

o Economic Development Administration (EDA)

National Institute of Standards & Technology (NIST)
National Oceanic and Atmospheric Administration (NOAA)

Institute of Standards & Technology (NIST)

0O 0o

o National Telecommunications & Information

Technology

Readiness Levels

(TRLs)
continued

engineers to scrutinize and validate
the prototype and pilot runs.

SUCCESSFUL COMPLETION:

when it is shown that the fully-
integrated technology, prototype,
process, pilot, or approach and all of
its components, systems, and
subsystems operate as Intended.

Musrt-Do:

~ Documentation Is critical in TRL-7,
requiring that data be carefully
recorded and complled, including
which operations were running
when, for how long, and how they
performed.

- Flowsheets,; heat, material, and
energy balances; detailed
engineering and design; cost
analyses; etc. should be refined to
near final form, with a very high
level of detail. Investors and
funders.

— This, along with information and
lessons gained from the operation,
design, construction, start up, and
operation of the demonstration
system, technology, prototype,
process, plant, or approach will be
used through external EPC
respurces to develop detailed
construction, fabrication,
manufacturing, or development

estimates for the commercdial plant,

product, technology, or approach.

Federal Funding Opportunities

fcontinued)

Administration (NTIA)
U.S. DEPARTMENT OF THE INTERIOR (DOI)
DO! manages the nation’s fands. Its current priorities are to
maintain ond expand conservation stewardship on public lands,
sustaoinobly develfop the nation’s energy ond notural resources,
modernixe the infrastructure overseen by DOI, ond promote
economic development for Tribal Notions and ensure their
sovereignty. Several of DOI's nine bureous offer grants to
support energy innovation, adoption, and deployment,
including:
Bureau of Indian Affairs (BIA)
Bureau of Land Management (BLM)
Bureau of Ocean Energy Management (BOEM)
Bureau of Reclamation (BOR)
National Park Service (NPS)
Office of Surface Mining Reclamation and Enforcement
U.S. Fish and Wildlife Service (FWS)
U.S. Geological Survey (USGS)
U.S. DEPARTMENT OF TRANSPORTATION (DOT)
DOT hos embarked on an oggressive program to promote
sustoinability inits policies, operotions, Investments and

0Oo0oOO0OO0ODODODODOO

research, and ensure that by 2020 not less than 20 percent of
electric energy consumed by DOT comes from renewable energy

sources. DOT alse has made o commitment to pursue
opportunities for the national transportation systermn thot will
promote energy and natural resource conservation, decrease
emissions of greenhouse goses (GHGs), reduce dependence on
fossil fuels, and increcse energy efficiency.,

One innovative program, the Smart Cities Challenge, selected
Columbus, Ohio, in June 2016, to receive S40 million from DOT
to become the first US. city to fully integrote innovotive
technologies self-driving cars, connected vehicles, and smart
sensors —~ into its transportation network. Another DOT initictive
is exploring Renewable Energy Uses in Highwoy Rights of Way.

NEXT UP: System / Subsystem Development

{mndnund)l

System /| Subsystem Demonstration (continved)/
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Technology
Readiness Levels| Federal Funding Opportunities

(continued)

(TRLs)

System Preparation for Launch & Operations

TRL-8 T T —
PRECOMMERCIAL

DEMONSTRATION: PROOF OF

OPERATIONAL TECHNOLOGY,

CONCEPT, OR APPROACH

A full- or near-full-size operational
system is completad. troubleshot,
operated continuously. and
qualified through test and
demonstration.

Operating conditions are explored to

prove the technology, process, or Continuation of TRL-8 description:
approach within and outside of

normal parameters, Deviations from | SYOCESSFUL COMPLETION: when it is shown that the technology,
the predictions made during the pllot process

stage are (dentified and mitigation or approach is proven to work at full or near-full-size commercial scale.
plans are developed. Simulations are
finalized and scaled up to commercial
scale.

Pexels photo 371938

MusT-D0: Using anatyses of demonstration-scale operability, final costs
will be determined for operations and production, and for construction,
fabrication, or manufacturing. Commercial-scale detalled engineering and
design will be completed.

THE FINAL STEP: System Launch &

Operations
Tm 9 federal funding opportunities:
o *  U.S. DEPARTMENT OF AGRICULTURE (USDA)
o Rural Development
'm COMMERCIAL » Section 9003 Biorefinery, Renewable Chemical, and
DEPLOYMENT Bioproduct Manufacturing Assistance Loan Guarantee
Application of the technology, * U.S. DeparTmenT of Derense (DOD)
process, or approach in its final form. o Defense Mvanced Research Projects (DARPA)
The fully-developed technology, See description of financiol support under TRL-1 above
process, or approach is completed, o Defense Innovation Unit Experimental (DIUx)
gU"I. ODEl'alfeut:i and deplov'e;iffor the See description of financial support under TRL-2 above
rst time at commercial / final ! o
bolarogioaii g of © Other DOD grant opportunities

https://www.biofuelsdigest.com/bdigest/2018/10/22/federal-funding-opportunities-for-each-of-the-nine-technology-readiness-levels-trls-part-2-trls-4-9/12/
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Technology
Readiness Levels
(TRLs)

Federal Funding Opportunities

(continued)

System Preparation for Launch & Operations

TRL-8

A full- or near-full-size operational
system is completed. troubleshot,
operated continuously. and
qualified through test and
demonstration.

Operating conditions are explored to
prove the technology, process, or
approach within and outside of
normal parameters, Deviations from
the predictions made during the pllot
stage are |dentified and mitigation
plans are developed. Simulations are
finalized and scaled up to commercial
scale.

federal lunding opportunities:

See TRL-7 above

Pexels photo 371938
Continuation of TRL-8 description:
SUCCESSFUL COMPLETION: when it is shown that the technology,

process,
or approach is proven to work at full or near-full-size commercial scale.

.‘Fn.: Using analysas of demonstration-scale operability, final costs
will be determined for operations and production, and for construction,
fabrication, or manufacturing. Commercial-scale detalled engineering and
design will be completed.

THE FINAL STEP: System Launch &

TRL-9
FIRST COMMERCIAL
DEPLOYMENT

Application of the technology,
process, or approach in its final form.
The fully-developed technology,
process, or approach is completed,
built, operated, and deployed for the
first time at full commercial / final
scale to provide proof of

federal funding epportunities:
*  U.S. DEPARTMENT OF AGRICULTURE (USDA)
o Rural Development
» Section 9003 Biorefinery, Renewable Chemical, and
Bioproduct Manufacturing Assistance Loan Guarantee
*  U.S. DeparTmEnT of Derense (DOD)
o Defense Advanced Research Projects (DARPA)
See description of financial support under TRL-1 above
o Defense Innovation Unit Experimental (DIUx)
See description of financial support under TRL-2 above

Other DOD grant opportunities

Technology
Readiness Levels

(TRLs)

successful operation of the
actual system in an operational
savironment.

TRL-9

continued

SUCCESSFUL COMPLETION:

when deployment in its final form
demonstrates that it Is operationally,
economically, and functionally
superior to other existing or similar
technologlies, processes, or
approaches and is replicable,
marketable, and financeable.

Must-Do:

— A full-time engineering staff will
continuously monitor operations to
verify that they are meeting cost,
yleld, efficiency, and productivity

Federal Funding Opportunities

(continued)

See description of financial support under TRL-1 above
*  U.S. DeparTMENT OF EnErGY (DOE)
o Loan Program Office (LPO)
* Title 17 Loan Guarantee Program
— Renewable Energy and Energy Efficiency Projects
—~ Advanced Fossil Energy Projects
~ Advanced Nuclear Energy Projects

—~ Tribal Energy Projects
*  Advanced Technology Vehicle Manufacturing (ATVM)
Direct Loan Program
¢ U.S.Treasury

o Investment Tax Credit (ITC)
The ITC reduces federol income taxes bosed on capital
investment in innovative and renewable energy projects
(measured in dollars). The ITC is earned when the
equipment is ploced into service

o Production Tax Credit (PTC)
The PTC reduces federal the income taxes of innovative and
renewable energy projects based on the electrical output
(measured in kilowatt-hours, or kWh) of grid-connected
renewable energy facilities
Modified Accelerated Cost-Recovery System (MACRS)
Or Bonus Depreciation ollows businesses and project
developers to reduce their federal taxes through o
deduction for depreciation when renewable energy
equipment or focilities producing renewable energy are
placed into service. With passage of the 2017 Tax Cuts and
Jobs Act, the [irst-year depreciation allowance was
increased from 50 percent to 100 percent. Several other
types technologies ond properties that Incorporate
Innovative concepts also ore now eligible for MARCS
program bonus depreciation

The End

DEVELOPMENT 1S COMPLETE,
commerciaL Rovt-Our

Federal flunding opportunities:
*  U.S. DePARTMENT OF AGRICULTURE (USDA)
o Rural Development Business Programs
* Business & Industry (B&l) Loan Guarantees
* Value Added Producer Grants

https://www.biofuelsdigest.com/bdigest/2018/10/22/federal-funding-opportunities-for-each-of-the-nine-technology-readiness-levels-trls-part-2-trls-4-9/12/



Environment/Test Conditions + Sample size

& Test method

TRIZ 1.ab . SAUBUASOUDY
Environment Sample size mMsnadou

(Key elements)

Spec Ad nuawsaula 40 svMm
wamsnhaaauuda:sulu 20 ASy

e awnsanuawsauld 40 oo : |

TRL 5: Relevant 51u:>tiﬁ§‘buao
Environment msnadou

(Key elements)

AJDE1v

Spec Ad nuAWsaula 50 pvMm
wamsnadduuca:dulu 20 ASv

ahnsanuadwsaula 50 svm
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AMWIDOEDUMOMEMWAASUALTAIKTBUAMWIDOSDLDSD Test Reports

(Operational Environment) 210 lnsa\)ans uUNsal B30 ® UEQVKANZIUTARUSIAULUUY MUMSWFOUMSIBILTUAMO:

(Range between... and.) y20RMAYD ANUBL MSAUUEDY wadouiifigdvov Tagudsuiisududarmkuanvinaldn

WEOLIU AdWEUE DU S:AUIdEVSUNDU La:MSAEED (Specification) Adol>

Allufiguavaoudaaou (Emission) e udauKANIUN@WSArBA (Reproducibility)

Test Method JduASY Reproducibility AWIGDUU
UDVMSNAFDU mvana
38msnaaau Watkldwamsnaaaumu Specification < > < >
AfmKkua

e 1341V

-
v .

40 ndv nssu38kidouniu 100%  Spec Ad nuAdWSaU
WuMsWaa [a 60 pvm
Customer Acceptance Wamsnadauuda:su

nund1WSauld 60 ovm
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styamd:aasudsy (Operational Environment)

amwudadaunluaunsnndunudoduninalieddoociondu
duso/durastumsmoiuyovs:uula

TRL7 = TRL6+ka® parameters nlLldAdUALMU
amwuoaadsudsvinaaou

Test Method

58msnhaasu tWaltikldwamsnaaaumu Specification Afkua
g5 uoumsnaaouta:s:g:1aNWE oW RENSNYDUSUTA
moana (Statistical Confidence) 1wu msrhwucioidov
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Test Reports

TagwssuiAgunudamkuamoinadn (Specification) AAVTS

o udQUKANTIUE@WSarBlG (Reproducibility)
® Flowsheets: heat, material, and energy balances; detailed engineering and

design; cost analyses; etc.

ADDENY

Customer Acceptance
1= CJ. Evans: Federal Funding Opportunities for Each of the Nine Technology Readiness Levels (TRLs) Part 2: TRLs 4-9, 2018
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Automatic hospital bed

System prototype
demonstration in an
operational environment

Technology demonstration
in a relevant environment

Technology validation in a
relevant environment

Could be the same prototype as
TRL 6 below but tested in an
actual hospital environment for an
extended period of time.

Pototype that resembles final
product in both function and form

Heavy, clumsy, full scale prototype
that proves that the cincept will
work tehnically. Not made to
resemble a final product in other
aspects than function.

Source: Gustav Notander

https://www.wmahsn.org/storage/resources/documents/EIT_Health KIC A guide to TRL-EIT health.pdf



inalulad/naancun/ns:usumsndouaudsy laMumsnadauua:zaisa

Pre-commercial Demonstration

Test Reports
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Relevant Standards/ Customer Standard
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System Preparation
for Launch

Customer Acceptance
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Production operated over the full range

of expected conditions in industrial scale naanundskihelunovaaa/kangiums
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TRL for MA Partitioning Processes (1/2)

Full-scale: 1-10 kg-MA/day
Engineering scale: 0.1-10 kg-MA/day S
TRL | Category Laboratory-scale: 1-100 g-MA/day
9 Proof of Actual fac:ilik Bench-scale: mg-10 g-MA Jati-:::ns

Performance

Full-scale unit operations testing with actual spent fuel

£ Process equipment design validated
5 Proof of Engineering scale unit operations testing with actual spent fuel
Principle | Simulation models validated
4 Engineering scale unit operations testing with simulated materials
Separations chemistry models developed
3 Laboratory-scale batch testing with simulated materials

Preliminary testing of equipment design concepts

Concept

Bench-scale batch testing with simulated materials
2 | Development

Preliminary selection of process equipment

1 Basic principles observed and formulated

Aun:
K. Minato, Y. Morita, K. Tsujimoto, S. Koyama M. Kurata, T. InoueK. Ikeda. Technology Readiness Levels for Partitioning and Transmutation of Minor Actinides in
Japan, 2010




Example 1: RENEWABLE ALTERNATIVE

FUELS — FINAL GUIDANCE DOCUMENT

Once readiness level 3 has been achieved, the applied technological concept has been defined. This means:

P The concept is tested through laboratory scale;

P Parameters characterizing the fuel or the technology are measured/calculated;

P First proof-of-concept prototype is ready and preliminarily tested;

p Verification of the proof of concept through consolidated simulation tools and cross-validation of the numerical models thanks to
literature data (if applicable) is done.

P Qualitative assessment of advantages (e.g. environmental, technological, economical) of the new concept, fuel or system is demon strated.

e~

€l

Once readiness level 2 is achieved, the applied technological concept has been defined. This means:

Technical analysis of the concept is investigated:;

Interactions between components are qualitatively assessed;

Qualitative assessment of advantages (e.g. environmental, technological, economical) of the new concept, fuel or system is done;
'@ Proof of concept approach and preliminary technical specifications (e.g. technologies, compositions, limitations) is defined.
:‘ i _- 0

Once readiness level 1 is achieved, the scientific concept is observed and documented. This means:

: : » Identification of possible materials, components and systems and relevant risks and hazards;

J » Preliminary concept design

2_ » Preliminary evaluation of the potential benefits and technological gaps of the new concept over the existing ones.
n

] B ol e

Source: Technology readiness level: Guidance principles for renewable energy technologies : final report, European Commission, 2017




Example 1: RENEWABLE ALTERNATIVE

FUELS — FINAL GUIDANCE DOCUMENT

= Once readiness level 5 has been achieved, the technology is ready to move forward to pilot scale.
This means:
A large scale laboratory prototype is realized and tested in intended working environment;
The manufacturing process parameters are defined,;
Information to perform environmental and socio-economic sustainability assessment is available;
Life cycle analysis could be done;

= Once readiness level 4 has been achieved, the applied technological concept is experimented and
validated. This means:

The fuel or the process is tested and validated at laboratory scale;

The prototype characteristics are defined;

The prototype can achieve repeatable/stable performance;

Integration with complementing subsystems is done;

Quantitative assessment of advantages (e.g. environmental, technological, economical) of the new

concept, fuel or system is demonstrated,;

The hazards associated to the technology should be identified.

uo
al:nh

- .
=i T ——
0

Source: Technology readiness level: Guidance principles for renewable energy technologies : final report, European Commission, 2017




Example 1: RENEWABLE ALTERNATIVE

FUELS — FINAL GUIDANCE DOCUMENT

Once readiness level 7 is achieved, the technology concept is validated at demonstration scale.
This means:

» System/technology demonstrated in field under different working conditions;

» Manufacturing approach is demonstrated;

» Life cycle assessment and life cycle costing are re-evaluated;

» Regulatory aspects are analysed and followed.

At 1t

Once readiness level 6 is achieved, the technology is enlarged to pilot scale. This means:

» The technology is demonstrated in working environment conditions;

» Fuel characteristics are stable:

» The process is safe and reliable;

» Realization of a pilot scale prototype that could be integrated with other subsystems and fine-tuned on field;
» Measurement of pilot scale prototype performance in different and relevant extreme conditions;

» Performance matches the KPlIs;
» Social acceptance is evaluated.

| sutodpayy

Source: Technology readiness level: Guidance principles for renewable energy technologies : final report, European Commission, 2017




Example 1: RENEWABLE ALTERNATIVE

FUELS — FINAL GUIDANCE DOCUMENT

. Readiness level 9 is achieved, once:

=0 » Technology available for the market;
¥ » Full rate production readiness;
» Business plan is available.
' . T ——————

Readiness level 8 is achieved, once:

» Technology is proven in its final form and under expected conditions;
] » Production is potentially commercially viable;
» Compliance with legal obligations of the technology is in place

syuloddpay)

Source: Technology readiness level: Guidance principles for renewable energy technologies : final report, European Commission, 2017




Example 2: DMTC (Defence Material Technology Centre)
was established in 2008 under the Australian Government’s

Defence Future Capability Technology Centre Program.  ggaExample Case

Studies
Vehicle Robotic
Bumper welding cell
Technology: Anew light weight bumper bar for a new defence land vehicle Technology: A robotic welding cell that utilises automated offline programming
(e.g. Hawei). to determine welding paths and then applied to the bushmaster welding

operationas at Thales

TRL1 Study of possible materials to reduce weight for bumpers TRL1 Study of state of autonomous welding processes

TRL2 Established concept for autonomous welding system incorporating

TRL2  Established concept for bumper design automated offline programming, identifying technology gaps

- Bumper CAD model Tested with FEA - Development of algorithms for robot to map three dimensional geometries

Laboratory demonstration of robot mapping dimensional geometries
and identifying joints

Demonstration of autonomous robotic mapping of geometries then
welding of joints

Autonomous robotic welding cell welds joints with geometries
representative of final application

Autonomous robotic welding cell at end user site demonstrates new
technology

~1 o Autonomous robotic welding defined at standard operating procedure
=9 for specific welding applications

i Autonomous robotic welding routinely used with production of
Bumper a component on defence vehicle Bushmaster vehicles

, 5 =
Source: https://dmtc.com.au/wp-content/uploads/2017/03/DMTC-JSF-Program-Technology-Readiness-Level-Guideline.pdf

TRL4 CAD model validated with materials testing in laboratory TRL4

TRLS - Weight, mounting and corrosion control consideration for vehicle
V2 bumper are integrated into design

Prototype bumper manufactured and tested

Bumper tested on vehicle

TRL8 | Bumper certified/qualified for production




