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Abstract

Technology Readiness Level (TRL) originally developed by
The National Aeronautics and Space Administration (NASA) is one
of the research management tools which can be used to assess
and communicate the technology maturity level of research out-
puts. It is useful in preparing each step of the research process such
as identification of research objectives, formulation of a research
plan, determination of research outputs and evaluation the qual-
ity of research. In addition, TRL assessment is to facilitate the di-
alogue between researchers and adopters of new technologies/
products to commercialize technologies and products and ensure
that research will comply with related regulations/standards/good
practices. Over recent years, TRL has been required as a new cri-
terion for allocating research grants by several research funding
agencies in Thailand. Therefore, this article aims to present an
overview of the findings in the current literature focusing on the
origin of TRL, the application of TRL and the definitions of nine
TRLs along with the evidence based on specifying the current TRL
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and the expected TRL in the research proposal because it is
necessary for grant applicants to gain a clear understanding of how

to evaluate TRL in submitting research grants.

“44Keywords:\*

Technology Readiness Level (TRL), research grants,

the quality of research, the current TRL, the expected TRL
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yaaesiudninnass Mdeluuywd Mstuasnseuasesiugiiy Welse
fifinnsmuaulaengming Jsazvilinanufitinainansidesiany
UnFetie safensligunsainsideniiinimsgu wagmsnsaaeuay
w¥ouldsuveaaiesiioldy Avvtheilinanisvaassdinnuusiug
wonnd Tussvinmadifunsifomsinistuiindeyasmuideny
e e emnudefioliiudeya nszutunsBudiunandn
yosAdumndulununadnuaueiseyly sufdaunmidulumy
ANUFBINIg tnefindngiudeusedng vasieniu vuideinisiang
ansalunsvhgils (Reproducibility) Feazuandliiiiufenisens
AN

U2ty fnawesdnslusmslsemaldnsusediuseauanunioy
fusing q ierdndulinaniddeiiaanm wasnieudmiumailld
Uselovilaasaluandag (Doussineau, Arregui-Pabollet, Harrap and
Merida, 2018; Schildorfer, Walter and Hasenauer, 2017; Blank, 2014)
Wi MsUseiliuszaununsouveanalulad (Technology Readiness
Level: TRL) 55AUAINNNTOLUDIUINNTIN (INnovation Readiness Level:
IRL) szauauniouvasmingdunialya (ntellectual Property
Readiness Level: IPRL) seAUAMUNIaNY89N1501870 (Market Readiness

Level: MRL) ﬁwﬁ’ummw%ammqsﬁﬂ (Business Readiness Level: BRL)
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FZAUAIIUNTOUTVDINTIINAR (Manufacturing Readiness Level: MRL)
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Slefinnsandeganmsusadiussiuamnamieudnusig q auanss
7 1 wudn sERuAmNImSeNaesuMINzALTUUSE wasieadesiu
naw3suaundeuieliaunsnamulugsinszdadaduiavia
fszauanuduia Wy sduauwienvenIsamu (Investment
Readiness Level: IRL) wagseauAIuN3auua9g3na (Business Readiness
Level: BRL) dhunisusziliuseauanunionvowsnddunislagi (PRL)
fieuAedestunsmieueundeusunsidouas i uisndu
fosinisuseiliusiununisuseidiu TRL Jeagladselovy wsiznns
Ussilluamzaunindaumyaasiatuld densiudeuwi a3
deasramealuwladsulaneu vaziinisuszdiussiuanundouves
w¥nns3u (Innovation Readiness Level: IRL) thumsnzaufiunanuiidy
winnssududdy Fwanudilvgsndurnanuiililsuinnssuunn i
nauTiid s duuinnssy

wiINsUsERUSEAUANUNSauURanAlulad (TRL) 9giivednnn
unisusziumaluladlamealuladuds wazidulufinnswaun
NanfuainInnIIANEINsalunIIHEs uaszRu TRL Agniigatiuas
Irsumseensulunsldusslovdilussdnidonasiamuasmie
Tonusing o naneuszmelulan lneniieauna q lnihluussendlduay
YFullsuimngauduusuniasingussasanisldanuvesmues 1wy
peAn1sIuNTITenazmalulagvetelsy (European Association of
Research and Technology Organizations: EARTO) laWaiunaanin
Ay TRL Wisaudesamnuanunselunisudn (Manufacturability) waw
NILNTNFUANLALUINIUYEanNIF (The United States Department
of Health and Human Services) laUsufiens TRL Wﬁéﬁgumauﬁmmia
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1650 Good Manufacturing Practice (GMP) n3BuveayaInn153de
glval upgnismadaumenalin (EARTO, 2014) Fewnil Tudlagsy
uwdsuiieatiuayunsitouaziauduineimans maluladuas
uinnsaludszmelne Ssdnlngiifvesunuiduiniseluiminede
winluaaiuideuaziimun Jslanmualinisuszdiu TRL Wudeivun
tondldlunmstuteiauslasans mszusazsdues TRL anunsatsuen
§dsdunounsids nan1smaaey wazndngiududunisageuass
Tuanmwindousns o Wenanuianundouluwsayszdu TRL Avziily
gnsliuslomiannsussliussiuanundendudu q deld sy
sEAuAMUNSauaaiuisesankazUsEgNAN1aINTEAU TRL SIu8
pedldusslevusiuiunansnaaaursaanuniadluwdazseau TRL
Tuunarwatiull Wunisesuiedonisussdiussdunundon
vounalulad (TRL) Wundn lewherzifouiuin nsedunsuas
wgunsATISREITy TRL daudosdnsfinnny TRL nsUssgndld
TRL wesmhenulusisussmanasUssmdlng wognsdeuoiuieiiie
Buduszau TRL sudansuuuienasved TRL Tuusazsziu sy
Usglovliugiinienvenuide dnivns waryaansinluiaula
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e s:aunduWSauvauinalulad (TRL) vovouAN1sUShAs
n1stunazoan ANsIA (NASA) 910 7 s:augd 9 s:au
Aldogrunwshane

LnAndesszruAundonveswalulal (Technology Readiness

Level: TRL) AnfunSausnlud A 1974 Tn Stan Sadin Thiseves

99ANITUTIIIN1T0ULAZDINIALKIYIA (National Aeronautics and

Space Administration-NASA) lneiiinguszasdiitoldlunsuseidiu

svumnundenveanaluladliiiusyansnmanndstuuarliidunios

fielun1sdeansseiuanunionvesmalulad Swieanléfinsvunien
wazlusszAuaunsonveanalulad (TRL) 7 seavedradunianis
afausnlud a.e. 1989 ndwandulud a.a. 1995 oefing NASA laanrh
ayaunvMeSuIensUsusazBunves TRL WU 9 seouiindumenis
(swaiBeanunnsed 2) deidusedu TRL Aldunsnateunauda
UJaqUu
TRL fle matsdsedumnumieunasiafiosnmaaanalulada

Uiunmsldnu dusessuseneud ey gunsal uaznszuIumsvhay

ﬁaszwdauﬁ%ﬁmigﬁmﬂmmiuiaﬁlﬂuszw Tneisudausseiuny

w¥onvounallaBduiiugiu (TRL 1) sunseiiafaunfumaluladis

anunseuldluannzwindenaseegrsauysal (TRL 9)
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A1SWN 2 A91MANDWVOIS:AU TRL voJadAN1IsUSHIsnasTu
na:eon1FANKIB1A (NASA)

TRL 1

TRL 7 S=U
niwenwsiud a. f.1989

TRL 9 s:hu
Miwenwsiul a.A. 1995 sufivdeglu

Basic principles observed

and reported

Basic principles observed and reported
(nann1siugiulasunisiiansawasiinis
518974)

TRL 2

Potential application

validated

Technology concept and/or application
formulated (Hn1sasisiuAaaumalulad
waz/v3e N1sUszenald)

TRL 3

Proof-of-Concept
demonstrated analytically

and/or experimentally

Analytical and experimental critical function
and/or characteristic proof-of-concept
(@insvnaasuardinsevinniivan uag/mie
finsiigauanulululdvewuiia)

TRL 4

Component and/or
breadboard laboratory
validated

Component and/or breadboard validation
in laboratory environment (AMsA@BUBIA
Usenau way/yse vasannaesdidnnsetingd
918849 (Breadboard) lugnmzwindenlumies
Uumnng)
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UW1INIIAYSSSUFANARS

AISWN 2 A1911ANDWVOIS:AU TRL voJauANIsUSKIsN1sTU
na:ean1FANKIEIA (NASA) (510)

TRL 5

TRL 7 S=AU
niwenwsiul A. A.1989

TRL 9 s:AU
Miwenwsul a.A. 1995 sufivdeglu

Component and/or
breadboard validated in
simulated or real-space

environment

Component and/or breadboard validation
in relevant environment (A1SVA&DUBDIA
Us¥nou uay/vwse Ussanaandlannseing
§1889 (Breadboard) luan1izuindoud
Aendea)

TRL 6

System adequacy
validated in simulated

environment

System/subsystem model or prototype
demonstration in a relevant environment
(ground or space (MIVNAFDURUUTIADIVDY
JEUUMIeIEUUY oY Wienunuuluaniig
wndeuiitiendos Fioradunaiiufunse
9INFA)

TRL 7

System adequacy
validated in space

System prototype demonstration in a
space environment (AMSNARDUAULUUTEUY
TugnnzwinaaueInie)

TRL 8

laid

Actual system completed and “flight
qualified” through test and demonstration
(ground or flight (szUUITUATIAUYTAIUAL
fauauUAN1UNITNAFDULATAITAUUAA

[
A a

NuAUNIalUaINA)
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/1SN 2 A1911AAIUVAIS:AU TRL VaJouANISUSKHISNIsTU
na:9aN1ANKIEA (NASA) (510)

TRL 7 S:AU TRL 9 S=AU
AN fiwonwsiul a. A.1989  Miwenwsiul a.A. 1995 sufiudegldu

a

TRL 9 aid] Actual system “flight proven” through
successful mission operations (5xUUAIILATU

mMsiigaun1an1su lnensiadusa)

71317: Heder, M. (2017) uazUssegnsiningilonisuszidy
SYAUAIUNIDUYDUNAIUIaTYT aINT.

o nasus:gnsld TRL veunuosvulusnds:inA

JagtuiimheanuniaigranenisnulusiisUssimedivszgnd
14 TRL Wemsuimsnidds waziduntesslonddlunslinidouas
doansanundenvesinuideluunassedu 1wy nsznsananlnuves
ANITOLUIN AT ENIT1¥010019nT (U.S. Department of Defense/
Ministry of Defence, United Kingdom) NSN3 amnasuvesamnigaLisn
(U.S. Department of Energy) ﬂﬁsmmmmﬁummemgﬁmaq
ansgeL3ni (U.S. Department of Homeland Security: DHS), 84An13
auSdyewenuauiinmile (NATO) audnaasawisufgiuiig (U.S.
Sandia National Laboratories) aﬂﬁmimmﬂqﬁﬂ (European Space
Agency: ESA) aeAnsaun1siduuavinalulagvesglsy (European
Association of Research and Technology Organizations: EARTO)
ANNN93TuA AN VNI TTITARIAnT1Te0dnS (Natural
Environment Research Council, United Kingdom) asAnsmng ¢ Tu
wen glsy iy eeamaids wiaidy sawvislng (il 1)
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FansdinfamaninANy TRL Manie 9 SEaUve999ANITUIE1 (NASA)
~ v a a ° ) A Yo
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NASA,USA.

US Department of Health and Human
services

Office of Environmental Management,
U.S. Department of Energy

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 environment

TRL 7 System prototype demonstration in a

space environment

TRL 8 Actual system completed and “flight
qualifed” through test and
demonstration (ground of flight)

TRL 9 Actual system “flight proven” through

successful mission operations

TRL 1 Review Scientific knowledge base

TRL 2 Develeopment of hypotheses and
experimental designs

TRL 3 Target/Candidate indentification and
characterization of preliminary
candidate(s)

TRL 4 Candidate optimization and non-GLP
in vivo demonstration of activity and
efficacy

TRL 5 Advanced characterization of
candidate and initiation of GMP
process development

TRL 6 GMP Pilot Lot Production, IND
Submission, and Phase 1 Clinical
Trial (s)

TRL 7 Scale-up, Initiation of GMP Process
Validation and Phase 2 Clinical Trial(s)

TRL 8 GMP Validation Consistency Lot
Manufacturing, Efficacy studies,
Clinical Trials 3 and FDA Approved

TRL 9 Post-Licensure and Post-Approval
Activities

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 system validation

in laboratory environment

Laboratory scale, similar system

validation in relevant environment

Engineering/pilot-scale,

similar (prototypical) system

validation in relevant environment

Full-scale, similar (prototypical)

system demonstrated in relevant

Environment

TRL 5

TRL 6

TRL7

TRL 8 Actual system completed and
qualified through test and
demonstration.
TRL 9 Actual system operated

over the full range of expected

conditions.

AT 2 Fegnedsainalnu TRL vasmruleauludisuszme (1)
71817: NASA, (2012); EARTO, (2014): U.S. Department of Energy, (2010)

EARTO, Europe

Horizon 2020, Europe

Sandia National Lab, USA.

TRL 1 Basic principles observed

TRL 2 Technology concept
formulated

TRL 3 First assessment feasibility
comcept & technologies

TRL 4 Validation integrated
prototype in lab environment

TRL 5 Testion prototype in user
environment

TRL 6 Pre-production product

TRL 7 Low scale production
demonstrated

TRL 8 Manufacturing fully tested,
validated and qualified

TRL 9 Production & Product fully
operated

TRL 1 Basic principles observed

TRL 2 Technology concept formulated

TRL 3 Experimental proof of concept

TRL 4 Technology validated in lab

TRL 5 Technology validated in relevant
environment (industrially revant
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 manufacturing in the
case of key enabling technologies;
or in space)

TRL 1: Basic principles observed and
reported

Concept and/or application
formulated

Concepts demontrated
analytically or experimentally
Key elements demonstrated in
laboratory environment

Key elements demonstrated in
relevant environments
Representative of the deliverabel
demonstrated in relevant
environment

Final development version of the
deliverable demonstrated in
operational environment

Actual deliverable qualified
through test and demonstration
Operational use of deliverable

TRL 2:

TRL 3:

TRL 4:

TRL 5:

TRL 6:

TRL 7:

TRL 8:

TRL 9:

Al 3 faegnesiAnaay TRL vawlsnuludislszmed (2)
71817: EARTO, (2014); European Commission, (2014), Mitchell, J.A., (2007).
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e nasus:ensld TRL veunuosuuluds:indlng
Sofnwmumuanienanssing 9 wui1 msUszndld TRL ves
wipnululszwelng dulngidumbenuveiniasguasiluldly
fnquszasAfiuansnsfy 1wy mihsnuuimsuazdnnismuideves
Uszwelne 1h TRL andszgndlfidunasiniddunsiasanndunses
iodnassvunuingussasdvesusiagmicsany vngiidinauinm
Inenmansuazmaluladuiend (@my) Uszendld TRL Weudms
lassnsITesavimunniglunlisnuy wagnesinenie W1 TRL a1
Avuadunnsgiuvesszaunisateneanalulagainneluladons
gnlsunsaifidnmansnsussma agrslsfionu Tiegnaves 4 mhsa
AnsAnwnsimunsziu TRL vesvitheuluiaseine udlfdeu
s¥iu TRL 91 9 szduifuntwilne Iéud 1) ddnauamegnssunis
duaSuinemans IHeuazuinnssy (@nar) 2) dunanunisideun
IR (3.) 3) NEWIWeINA Uar 4) dnauimuIng Imansuay
walulaBuisnnd (@) Toastdenniunsnedl 3-4 sl e
nwilnges TRL ¥ 9 sziu veeis 4 mienufedauuansediy

Fuagiudn Mignuvemiisnumssmanusiasmiienuany uay

[

nUszasAlunisin TRL wld
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m1s19A 3 n1sUs:gnslE TRL

vau dalindaunnuznssUNIsavIasSuIngafA1ans
9d9nazudnnssu (andd.) na: S10nNI1uN1ISIFYNKIBIA (93.)

datnvu
ANIENSSUNISANIASUINYIANENS
dduna:udnnssu (ana9.)

datnvau
N1SIFUNKIBIA (93.)

TRL 1 nénnsiugiulésunisiansun uasd
1337183714
(Basic principles observed and reported)

TRL 2 fimsassuurfndumalulaguas/vwse
n1sussenaly
(Technology concept and/or application
formulated)

TRL 3 fin1snaassuaziinsizsindfindn
waz/v3e finisiigatanudulyldves
WUIAN
(Analytical and experimental critical
function and/or characteristic proof-

of concept)

TRL 1 52AUNUATENUFIU

(ScientificResearch)

TRL 2 seauauideyszand
(Applied Research)

TRL 3 32AUNITNERUUIAAVDY
wialulag
(Proof of Concept)

TRL 4 szautnalulagiinaiu
\ieanse
(Validation)

TRL 5 seaumaluladiionstion

(Application)
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M1s9N 3 n1sUs:gnmls TRL
vou d1linviunruznssunasaulasudngafA1ans
598N1a:udnnssu (andd.) na: d1UnNIIUNISIFYIRIBIA (98.) (110)

datnuau

ANENSSUNISAIASUINYIFANENS

d9una:udnnssu (andd.)

dainuau
N1SIFVNKIBIA (98.)

TRL 4

TRL 5

TRL 6

TRL 7

N1SNAHUBIAUIENBY LaL/%30
UasAnNnasediannsaindinans
(Breadboard) Tudarizuindauly
WosufuRng

(Component and/or breadboard
validation in laboratory environ-
ment)

A1SNAHUBIAUTINBY LaL/%30
vasannassdLlannsaiindsnans
(Breadboard) luaniazuindond
Heatos

(Component and/or breadboard
validation in relevant environment)
A1SNAFBULUUINADIVDITIUY
w39sTUUERY Wsanunuuluaniag
u;"mé'auﬁl,ﬁ'sn%’aa Feoradunina
NUAUWTDDINA
(System/subsystem model or proto-
type demonstration in a relevant
environment (ground or space))
n1snadauA unuussuuluaniag
WINABUBINA

(System prototype demonstration in
a space environment)

TRL 5 sesumaluladiionsideu
(Application)

TRL 6 seAuAuLUUTRIUURNS
(Lab Test Prototype)

TRL 7 S2AUNA§UNU Lead User
(Lead User Test)

TRL 8 S2AUNTISHANAULUU
(Pilot Production)

TRL 9 52AUNSHAAT@AEIMNTTY
(Mass Production)
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M1s9N 3 N1sus:ensld TRL
vou d1linviuAnuznssunasauiasudngafAans
d98Na:udmANSsU (andd.) na: UNIIUNISIFVIKIBIA (98.) (510)

dainvau dadinvau
ANIZNSSUNISAVIASUINgIFanS N1SIFYNRIBIA (93.)
dduna:zudnnssu (andd.)

TRL 8 szuusaasvauysaiuaziinaaudn
HLNSNAFOURAZENSAUUAANLAY
w3nluaana
(Actual system completed and
“flight qualified” through test and
demonstration (ground or space))

TRL 9 szuuasalasunisiigaunienisiulag
Asnadse
(Actual system “flight proven”
through successful mission opera-

tions)

U7 FIUNIUAIENTIUNISANASUINGIAIANT IVEUATUINATY (2563)
Uaga NN TI981198 (2562)



UW1INIIAYSSSUFANARS
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M1SN 4 N1sUs:gnAlE TRL vosnasnwanIA na:
dainvruwsuudngarransiazinalulagnrsis (gons.)

NoYNWaINIFA

datnuau

wruurdnearrdansnazinalulagnrysan

(aons.)

TRL 1

TRL 2

TRL 3

TRL 4

TRL 5

TRL 6

asanenaanalulaglusea
AudsERUNugIY
nsaneneamalulagluninu
Suuszynd
nsaneneamalulagluninu
$dulszyndiiianisiaun
eanvudy
nsaneneamalulagluany
$Tulszyndiiianisiaun
siaﬂaﬂ%y'uqa
nsaneneamalulagluany
Suszandilensaniuy
‘ﬁyugqumaamsﬁawmmaa
STAUAY
asaneneamalulagluninu
Suszandilensaniuy
‘ﬁyugqumaamsﬁawmmaa
STAUTZAUNAIS

TRL 1

TRL 2

TRL 3

TRL 4

wdnnsiuguldumafiansan
HazdNITIEBU

(Basic principles observed

and reported
fnsaduulfndumalulag

waz /3o Maussyndly

(Concept and/ or application
formulated)
wulfnldgnaisanen1siasizi
1899 WIDNAADY

(Concepts demonstrated analytically
or experimentally)
asdUsznaUTid ARy vIeuaanaans
diannsaiinddnaes (Breadboard) &
ananSauazigaluseiuiiasu)in
A15Ua72 (Key elements and/or
breadboard demonstrated in

laboratory environment)
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M1S9N 4 N1sUs:ensld TRL vosnasnwonIA na:
dadnvruwsuurdngamansnazinalulagnresai (gons.) (510)

dadnuu
nonwoINA wsuurdngransiazinalulagnresin
(e9ny.)

TRL 7 nsehevieamalulad | TRL 5 peAUsEnaviid1Ayuievasanaaas
\WeAntinan WAL 3idnnselinddians (Breadboard)
UUNUFIUVDING Ifgnansauazigauluanizideunuuilng
NINIAULDITZAUFS LABIANIZLINADNTTS

TRL 8 n.'lizi']wam‘l/lﬂiuiag (Key elements and/or breadboard demon-
finsaun qun19 strated in relevant environments)
NARBUAMAIWYY | TRL 6 AULUUYBIHARANIIVEFENTEUIUNTINTaN
davieLian1saL \Judsdenay Idiunisansauaziigatinis
UUNUFIUVDING T uluanirzuindauinneidasiunis
NANIAULDIDE 9 M191U334
ﬁ&l‘t,luiaj (Representative of the deliverable demon-

TRL 9 nsenevenmalulad strated in relevant environments) )
Masudusuysal ive | TRL 7 AULUUYBIHAAA MY YIBNTZUIUNTTVUY
NSWAILTUUNUFIY gavine lakunsansauazigarinisldeu
YDINITNANIAULD Tuan1erinauass
asmauylmi (Final development version of the deliver-

able demonstrated in operational environ-
ment)

TRL 8 wmAlulag/Hannael/nseuaun1snaauauasy

TRL 9

lanun1snadaunazansn

(Actual deliverable qualified through test
and demonstration)
nsldeumalulad/mandnei/nszuiunis
2E19MDLUDY

(Operational use of deliverable)

h: neinen . (2563)

wagardnausia e mansuazinaluladuisnd (2563)
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e NISNIKnUAINIUAISOY TRL VOVNUIEYITUUSHIS

na:9nanasnuddevouds:infAlne

Tud wa. 2562 Uszinalneladnisufsulassadavesszuuns
aauAnY) Inenemans Iouazuinngsu (@3 vesuseme lnesandy
mihsnufiegnelddainnsznsrnisgaudne Ineemans 3douas
winngsu (82.) dadunszmslnl dwaliAanisasuulasioszuy
MIUIMshardansYIdevesUsenalng nfuivgnuuImsLay
ANITYY 4 MUY A @1UnUNTITewAA (3.) d1dnau
WINNTTUWAIF (auv.) drdnauiauinisidonisinens (89Ans
1) (an.) WaganTiddessuuasnsay (@nsa.) Judaymiseau
ssfiulovnglunisdnassnuauiusiavemisaunuealud gy fae
winil FlgTinmsdadonheuimauazdanmsuiiada 3 whesonu dun
1) 'vm':l&J‘U%‘miLLazf{‘]’mmmuiﬁaLLazuifmﬂiimé”mmiﬂ’mu’mﬁuﬁuﬁ
(unm.) 38 PMU “A” 11310 Area-based 2) vthgusmisuasinnig
YUAUNTHRUIAGIAY WAz uaiunsiaaItuaaufny) 15338
WaYAITATNWINNTIN (UNWA.) PMU “B” 11910 Brain Power, manpower
uay 3) wheuImsuagdansuiumsiivesamunsolunisudedy
Y29UsEnA (Une.) PMU “C” 11910 Competitiveness

Tunmsauita 7 miheu3msuazaan1syu (Program Management
Unit: PMU) finanaun dasdunalndrdalunisusmsautszanaide
neldnaamudnasiinemans Ieuazuinnssy (1) vesszmalny
Tnsusiazsmhenuiivihfisuinveulumsdniulouisuayvdninasinng
Foassyulususiing q aepndewuingussasd saubnisanauLag
Useidiunaaidde ogslsfiony ilelinsdaassuitevesis 7 wiwe
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ATBUARNARABA Value Chain SaunasnduanAfefug nstien
osdmnfimAdelusesenifioairadundnfamiuinngsy mandnsuls
Annsimunlugnislduselovi@omndd saufanssdiiinniswule
yaNsmann wheuimskagdamsvunaevihsauiaininiiEeants
Uszilliuszauauniauvaanalulad (Technology Readiness Level:
TRL) wlifunamilunsfiansanndunsesiiodnassyunuingUszeasd
Yosuiazmiheny udmasanununsinanululdusslen lngly
nsiUasutaiaualaseinis Avualissyseauanunseuvesnalulad
yosHanuidwouvesarlasanislifae léun 1) mhsswiidaassey
Jszanadlusgivnmiafonisiuiiugiuuaznssseng (TRLL-3) #o 2.
unA. way 2) mhenuidnassuuszinalifunidenjaiunsves
Hadguinnssy warnsliuselevd wiadu 2.1) msdnasseuuszanalln
funuddesesu TRL 4-6 A @In. (MINWNYAT) 2.2) NTIAATTIU
Uszanauliiuauwidesedu TRLA-T AR UNN. (N9ALYUYL) UN.
(TaRPamMNTIY) war 2.3) N133naTseuUssanalliiuawideseau TRL
5 July fo auy. (nmil a)

weid lugheusn 9 MIBUIMTLAZIANITNUAN 9 Iaonedelieny
TRL atunwlveuasdeyaatuayu TRL s 9 seduatn dninamusiamn
Ingrmansuazmaluladuriand (@me.) deaglinanseaziden

Tuidedald
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PMU B . PMUA PMUC
7

™ . [ '] \ i
;;3.' )6” vwa. Eij]} [ven. | | vwa. | NIN

ﬁau’lﬂn'}ﬁai’m}u%é’u TRL 1-3 TRL 4-6 TRL 4-7 TRL >5

Al 4 nsivue TRL Wukeulvasunamusiig o

e nasus:iiju TRL vou d9ny.

dnauiauInermanswazimaluladuiand (@) Ju
mhosmun 9 TudsemalveiimsdnwinayUssgndldnisysediu TR
Jue3aaiiolunisdearsseiuanunonveuvaluladusananuide
Fausn1simundmingvesiasinisisouarUssdiunnundonves
nandnvaslasinsidefiszdaeuiieUalasanis

Tuarted 3. vdnA nootiunna sssumiadugeiunens ame.
Ihuseds “pazimuiauinuImenisyssdiuseduanundonves
wialulag” Tud w.a. 2555 lnenounugliaugynauAneILuINIenIT
UsziliusgAuanunsouvaunalulad (Technology Readiness Level:
TRL) ¥8909AN15U1ET (NASA) AugNaaeIuviayIfeufe (Sandia
National Laboratories uagvitngmudu q sausisimungiionsussens
1% Technology Readiness Level: TRL 983 @I%. AanIUTIUNANAY
TiAnnsveneRansUszgndliiuamaeiang1n ilensaiamanuide
wagimULgINLIAnssuLUULR (Open Innovation) ¥ail gilonTs
Uiz&gﬂ(ﬂ%’ Technology Readiness Level: TRL w84 @3, lain1swaiun
uazUSuUIeseraLEoaRaust naiu 1 @ e 2556) esiu 2 @ we.
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2557) 1195%U 2.1 (U w.¢. 2558) waetiastu 2.2 (U w.a. 2563) wileln
WnANUwIneanlunN1TUTEIUSEAUAMUNS DUVDINAN LIV AN,

A3AAI TRL 9 seAuves amns. Ussenaldrmdnnnning TRL

ma&@u&]‘m@aammmammaﬂ (Sandia National Laboratories)

ansgousnulundn wsizAdinaudinaaunsaUssynaldiu

walulagivainvanguarindiAesiun1siaves ame. niign alens

Usziluseiunnundauvoanaluladved ame. nestu 2.2 Fuduatiu

a1gaves @, laliiuiunisesutendngudanaunmluudasseauln

Foaunintu newvsdudeyaiiludaiauelasenis s1eaunans

NAFOU LazlenasFULuLAY 9 (319a2188An1NANT191 5)

M1 5 Ugwnaznangauidiarunwvous:Au TRL 1-9
nuAlon1sUs:1lus:AuAdIWSauvavinalulagveu dony.

199$8U 2.2
TRL  TO9awna:A1o5u1es:aAu TRL KHangauiBuAruNIw
TRL 1 | flway wdnnrsiugiuld$unis| v agunaasunanisdnuiasa

NITAUAZANITIIBIIY

A1eSUnY InN1SNATUINENNIS

HUFIUNITINYIAans Nadtuayu
nannsdfgeanalulad Ineiinig

NUNIULBNENTHATINUIIETLNEITDY

]
¥ dl

AeMmAeves (literature & IP

review)
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M1sWN 5 Tgwnaznangauidiaruniwvous:au TRL 1-9
nuAiJanasUs:lus=AuAIWWSauvauinaluladiveu dons.

190§8u 2.2 (510)

TRL  Ugwuna:A198urgs:AU TRL hanguiduAruNIw

TRL 2 | fien fimsadauundndumalulad | v saasuadiaid uldlavig
waz/vvan1sussenaly ANYIAIANT VOIUUIAA/NTT

Usvendldinalulad lawiinis

feosune FuviinnsAnuidiasizd | svy Technical challenge
Lﬁaaﬁuﬁaﬁué’wé’ﬂmsﬁugmma V' fwuslandide, veuwmueanu
Wermaniwazmalulaguazany | 398 waeIBnsnduanuide
Huldlelunsussgndld Tnedslsisl | v svy Specification waz3s
msfiguiieinnedlusieasden |  veaeuihidede
Wleatfuayuauyfgiu

TRL 3 | flenu wwddaldgnadadaenis| v namsiasiei $1aed vSevmnaes

AAIIZY 31809 Y50NNADI

o

AND5UNY NaN1IAN®IIYY 1889
NAADY 138 WATITA Lﬁaﬁq'«aﬂdw
wdnnstuduldle (Proof-of-
concept) Tngonadunisinsievt
1899 ID AIWNITNAABY ATIEH

NANITNANEDN

fiwana proof-of-concept

v amsfnwinnassiw/aneng
avlsiiiedostundnsusivie
ASEUIUNSTIAE s Fnw3de
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M1SWN 5 Ugwnaznangauidiarunwvous:au TRL 1-9
nAanasUs:lus:=AuAIwwSauvauinaluladveu dons.

100§8uU 2.2 (50)

tGguna=A108u1es:-AU TRL

KHangauiduAruNIw

TRL 4

a ¢ Ao w v
e1u asAUsznaunddey lagn
a15aluszauniasuuinisuda

MeSu1e eadUsznoufiddny lagn
Uszneuddaefuiioldiudoy
Maumeiuld lazgAuwuupunig
a1snluseaurealjusinis uas
annsaudladamianzides sk
wan LU U8 IT89N15911 971
AN 9 VOIRULUUIIEINITANIU
IEnufinnands

v FBnsnnaeuiifivngg1ads
Udede

v uamsvageuny Specification
TusguviesUfliRnsieensuls
MeadR wazyingnld (Repro-
ducibility)




TRL
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M1sWN 5 Tgwnaznangauidiaruniwvous:au TRL 1-9
nuAiJanasUs:lus=AuAIWWSauvauinaluladiveu dons.

190§8u 2.2 (510)

tGguna=A198uU19s:-AU TRL

hHangauiBuArunNIw

TRL 5

a ¢ Ao w ¥
e asAUsznaundAgy lagn
dsaludniizideunuuilnatfes
AN1ITUINADNTS

fefute osdUsznoufiddnlagn
UsgnaulaleniuiuesAlsenou
AUUAYUYDINULUUITIY LAY
nINAdeUAzaNSaTgaUnnsldeu
Tugniziinaeuads (Simulated

environments)

v 33n15nadeuiiluna 181959
Uidefie

v Hansnageunia Specification
TuesfuRnisluaniunisal
§1a03/luaniizideunuui
TnatAgsanIIzuINd DU
A0NARBINNLAUADINITTITY
Ussendldanuvesnguidmsne
swainsieuidieunanis
NegpUivaNNFAgIw/Tofmug
mawmeaila (Specification) fid
13 wiondlaymiiny uazvhaile
(Reproducibility)

* da1zuindeuigunuunlngdiass
dNEwInNITBLARzIMALULAE
UANANNTY 19U YandlITaziinig
naasuluseau Alpha versions
walulagauiugivevsednd aenung
4 MsfndonUszansNianvuay
Wmne lnemsugnuiserdisanaaeuly
sgAuaniveaes (wasiiinisgua/
uay) usiu ‘

“ngudmung Wy Adopter aula
VIAADUSULUU W30 {Tinainasiugsu
seneamalulad Inedsunisaenen
wielulaBenslugimiun Requirement
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M1SWN 5 Ugwnaznangauidiarunwvous:au TRL 1-9
nAanasUs:lus:=AuAIwwSauvauinaluladveu dons.

TRL

190§8u 2.2 (50)

tGguna=A198u1es:=AU TRL

HangauiduAruNIw

TRL 6

U1 AUBUUVDINAANUN NS

a v & a ¥
nszuruNsInSauludsdenau 18
dun1sandauazigarnisldenuly
dn12zwInaaufitnelavaanunis
N9IUR39

ADSUNY AULUUTIBINERA NSO
nszuaunsindoududsdaeouls
H1un1sansauaziiganisldanuly
danzuindeudiiendesfunis
7119714334 (Relevant environment)
Famneds Jadevedaunedondidua
Aetesneaudnsa/dumadly
11371911 0TTVUAULUY Lagn
AuAulAilauAUAN 1LY

v 33n1sneaeuiiiiuvg 18198
Yidedie

v Nan1snadeuduLULAINNTD
wgadnisldauluaniie
wedeuiiiedastunisinau
9349 (Relevant environment)
Wisuieuiu (Specification)
Fnaly wavaonndasiuany
Aoansuszendliuvengy
Whane* sausteEnansaring
19 (Reproducibility)

v #8ng1uLanInITEauTuYes
nguLdnvung AfsdeduLyy
3¢AU TRL 6




TRL
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M1swN 5 Tgwnazhangauidinruniwvous:au TRL 1-9
nuAijanasUs:1lus:AuAIWWSauvauinaluladivoy dons.

100§8u 2.2 (5i0)

tdguna=A198u18s:-AU TRL

KHangauiBuAruNIw

TRL 7

fo1u AULUUVDINANA T UID
nszurunIstugane IdHIuNNS
asauazngatnisldeuluaniaz
191U

A05UNY AULUUYBINARAUTUID
nszuunIstuaaiieldtIunng
a1sauaziigadnisldauluaniieg
9119714939 (Operational environ-
ment) e anInwIndeNass
Tunsvhanuuesszuy Fuwuu) 7l
annsanugudadeiinaifetes
faAUEISY/auwEaIluATIeU
vpaszuula

v 33n1snageuiiflung 1d9de
Wdedie

v nanmsnegdeuiinandiiniugg
AuluvaIusavineule by
ANMTWINRBNANTIZYINITUTI
(Operational environment)
Wisusuivanuigiu/de
AvusnIsnele (Specifica-
tion) RIS wazaenndBIty
ANUABINITUTEENALTIIUYD
naudmune* S2uTEanse
Vgl (Reproducibility) Tu
AN172%11971U4339 (Operational
environment)

v #dngiunaniniseausuues
nguidaming Afsedunuy
32U TRL 7




U 18 aGuf 1
(Uns1AU - DNUNEU 2564)

M1 5 UgwnaznangauiBiarunwvous:au TRL 1-9

nAanasUs:lus:=AuAIWWSauvauinaluladveou dons.
19988U 2.2 (59)

TRL  TO9auna:A195u1es:au TRL nangauiBununIw
TRL 8 |91y wnalulad/uandmal/| v naneseunisldauluaniae
nszUIUNsTideaUaTe Idkunns WINBUNITYINUITDE 9D
NAHULAZENEA esaugndndhilalunmnn
v diledmsunsuan/iledmsu
A105u1e malulad/nanduel/ sl
ngUUANTTidaNeuais Huns| ¥ namsfusennasgundedo
NAADUAMAINNITLT ITUAY Anuanisnguunefisudy
1S5 YR /ANRTFILARA T dm3vdsdsuey
Aeades (@il/ngraneiiietes| v s1seunanismagey wiou
(631) wIegnyIUINITWAUTEUY Uadudwiunaaeuianesam
YDIGNAY/J UL YosuaRsiua (Shelf life) uag
Uinsluan1nase eglunaumia
TRLY |Hey  naslderumalulad/| v wdadaeidsmurgluiiemann

NARNMGY/NITUIUNTTDENNABLIBY

AreSuney walulad/waniue/
nszuIunsgninluldauase uae
Aasnuranisideuegaseiiomiy
sypznafimuizay laguinide
unnses aesatiunisunleld
Syusoy

wsenangun1sinlulaselud
wglvdviseludeansisauselevi
Wy anuneduduanng Su
angneanalulal Joyauand
gAYy NIBIIUIUGNAIVDS
NAnAMY Brochure/Catalog
sa¥asng 9 Anandusivesgndn
esu (613) Yeyauansniseeusy
YREUTInANevRINITHERSuaN
TWl§egnesowdios (63

7i17: gemsUssidussauaunsouvesnaluladves amy. Losvu 2.2
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agalsAmunisuszgndld TRL WueTesiiolunisiiansun
swiupamionvesmalulad idedunaiidfaysed

o sgauanunsenveunaluladlulyseiuanueinveanalulad

o FrazhwealuladiifinnsUsadiu TRL sedundauds wildsu

wsurilul fosiinisuseidiu TRL Imignadslmdnfuusuvlm

o nsthevenwalulafanunsaiatuldynsedu TRL Juagi

ANUNSo/Ananinaes Adopter Tunissuateneamalulad

Y

inidgazarenenmalulaglisumalulagniniuaiinge

ﬂ o
a1 Nanusndeniaus nanund TRL alel wivinazanenen

aaa o

walwlagliiugsumalulagniidnenmlygain dnidefdes
awuitmnuidulufessdu TR figemefifFumeluladiy
zarnsasunalulagle

® n5UsTIUSEAU TRL denovureamnalulad Asuseldiy o 1ian

NAINBUIY

e moagIn1sUs:iuu TRL

TunsUsediu TRL 9n3esndudasiansandaiinunnig
wpfineanaiise/walulad (Specification) 38n1snaaeuiivndede
U3unwesdaundeufiieidesiildlunsmeaeuluusazsesu TRL suds
fndngrulumstiudusedu TRL mualdiumsdssivingSumalulagy
amundaulunissudrevenwmelulaifiszsu TRL 1o Fdunisi@eunm
gadlAsanIveRaussEiu TRLL-9O (fegnemumsedl 6) avaaelvitn
Wenoafiunmdaudiduriifoauisnuiteilugnislivsslon ulsl
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