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PREAMBLE

This Agreement ('the Agreement’) is between the following parties:

on the one part,

EURAMET e.V, Bundesallee 100, 38116 Braunschweig, Germany, (‘the granting authority’), 
under the powers delegated by the European Commission ('European Commission’) 
represented for the purposes of signatúre of this Agreement by, Partnership Chair, 
Maguelonne Chambon,

and

on the other part,

1. 'the coordinator’:

Teknologisk Inštitút (DTI), established in Gregersensvej 1, DK-2630, Taastrup, Denmark, VAT 
no. DK56976116 as ‘Designated Inštitúte’ (Dl)

and the following other beneficiaries, if they sign their 'Accession Form’ (see Annex 3 and 
Article 40):

2. Česky Metrologický Inštitút (CMI), established in Okružní 31, CZ-638 00 Brno, Czechia, 
VAT no. CZ00177016 as 'National Metrology Inštitúte’ (NMI)

3. Physikalisch-Technische Bundesanstalt (PTB), established in Bundesallee 100, DE- 
38116 Braunschweig, Germany, VAT no. DE811240952 as ‘National Metrology Inštitúte’ 
(NMI)

4. Slovenský Metrologický Ústav (SMU), established in Karloveská 63, SK-842 55 Bratislava
4. Slovakia, VAT no. SK2020908230 as 'National Metrology Inštitúte’ (NMI)

5. Univerza v Ljubljani (UL), established in Kongresni trg 12, SI-1000 Ljubljana, Slovenia, 
VAT no. SI54162513 as 'Designated Inštitúte’ (Dl)

6. Teknologian tutkimuskeskus VTT Oy (VTT), established in Tekniikantie 21,02150, Espoo, 
Finland, VAT no. FI26473754 as 'National Metrology Inštitúte’ (NMI)

7. Danmarks Tekniske Universitet (DTU), established in Anker Engelunds Vej 1, Bygning 
101 A, DK-2800 Kongens Lyngby, Denmark, VAT no. DK30060946

8. National Scientific Centre Inštitúte of Metrology (NSC-IM), established in 42 
Mironositskaya Str., UA-61002 Kharkov, Ukraine, VAT no. UA025683220315
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9. Otto-von-Guericke-Universitaet Magdeburg (OVGU), established in Universitaetsplatz 2, 
39106 Magdeburg, Germany, VAT no. DE139238413

10. Babcock & Wilcox Volund A/S (B&W Volund), established in Falkevej 2, DK-6705, 
Esbjerg 0, Denmark, VAT no. DK25053664

11. Beamex Oy Ab (Beamex), established in Ristisuonraitti 10, 68600, Pietarsaari, Finland, 
VAT no. FI0181602-8

Unless otherwise specified, references to ‘beneficiary’ or ‘beneficiaries’ inolude the coordinator 
and affiliated entities (if any).

If only one beneficiary signs the grant agreement (‘mono-beneficiary granť), all provisions 
referring to the ‘coordinator’ or the ‘beneficiaries’ will be considered — mutatis mutandis — as 
referring to the beneficiary.

Having regard to Decision (EU) 2021/2084 of the European Parliament and of the Council of 
24 November 2021 on the participation of the Union in the European Partnership on Metrology 
jointly undertaken by several Member States1,

OJ L 427, 30.11.2021, p. 1 -16
Template published on https://metpart.eu/.
Template published on https://metpart.eu/.

The parties referred to above háve agreed to enter into the Agreement.

By signing the Agreement and the accession forms, the beneficiaries accept the grant and 
agree to implement the action under their own responsibility and in accordance with the 
Agreement, with all the obligations and terms and conditions it sets out.

The Agreement is composed of:

Preamble

Terms and Conditions (including Data Sheet)

Annex 1 Description of the action

Annex 2 Estimated budget for the action

Annex 2a Additional information on unit costs and contributions

Annex 3 Accession forms

Annex 3a Declaration on joint and several liability of affiliated entities (if applicable)
2

Annex 4 Model for the financial statements

Annex 4a Model for the statement on the use of the previous pre-financing payment (not 
applicable)

Annex 5 Specific rules
o

Annex 6 Model for the certificate on the financial statements (CFS)
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DATA SHEET

1. General data

Project summary

Project summary

Most mdustnal processes rely on temperature measurement, which directly mfluences 
product quality, energy efficiency, and emissions All conventional temperature sensors 
exhibit cahbration drift ieadmg to mefficiencies Poor surface thermometry causes process 
control problems m advanced manufactunng Poor gas thermometry causes sub-optimal 
noxious emissions and reduced efficiency This project will overcome specific process 
control challenges by implementing embedded traceable thermometry in-situ through 
dnftless practical pnmary thermometry and self-vahdation, gas/combustion thermometry, 
and new traceable surface temperature measurement methods Traceability will be either 
directly to the redefined SI kelvin, or mdirectly via the International Temperature Scale of 
1990 (ITS-90)

Keywords Temperature, Johnson noise thermometry, practical pnmary thermometry, 
phosphor thermometry, thermal imagmg, surface thermometry, gas thermometry, artificial 
intelhgence, process efficiency

Project number 23IND11

Project name Thermometry with embedded SI traceability for mdustnal applications

Project acronym ThermoSI

Gali Industry (2023)

Topic SRT-117

Type of action Metrology Partnership Research and Innovation actions

Grantmg authonty EURAMETeV

Grant managed through EU Fundmg & Tenders Portál No

Project startmg dáte 01 September 2024

Project end dáte 31 August 2027

Project duration 36 months

Consortium agreement Yes

2. Participants

List of participants:
Number Role Short 

name
Legal name Country PIC Total 

eligible 
costs

Maximum 
grant 
amount

Entry dáte Exit 
dáte

1 COO DTI Teknologisk 
Inštitút

Denmark 999460356 400,000 00 400,000 00 01
September 
2024

31 
August 
2027

2 BEN CMI Česky 
Metrologický 
Inštitút

Czechia 993266033 60,000 00 60,000 00 01 
September 
2024

31 
August 
2027
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3 BEN PTB Physikalisch- 
Techmsche 
Bundesanstalt

Germany 999596544 370,000 00 370,000 00 01
September 
2024

31 
August 
2027

4 BEN SMU Slovensky 
Metrologický 
Ústav

Slovakia 994207903 25,000 00 25,000 00 01 
September 
2024

31 
August 
2027

5 BEN UL Umverza v 
Ljubljam

Slovema 999923240 267,500 00 267,500 00 01 
September 
2024

31 
August 
2027

6 BEN VTT Teknologian 
tutkimuskeskus 
VTTOy

Fmland 932760440 79,999 50 79,999 50 01
September 
2024

31 
August 
2027

7 BEN DTU Danmarks 
Tekmske 
Umversitet

Denmark 999990655 160,000 00 160,000 00 01 
September 
2024

31 
August 
2027

8 BEN NSC-IM National
Scientific
Centre Inštitúte 
of Metrology

Ukrame 952600335 60,000 00 60,000 00 01 
September 
2024

31 
August 
2027

9 BEN OVCU Otto-von-
Guencke- 
Umversitaet 
Magdeburg

Germany 999873285 55,000 00 55,000 00 01 
September 
2024

31 
August 
2027

10 BEN B&W 
Volund

Babcock & 
Wilcox V0lund 
A/S

Denmark 934297308 15,000 00 0 00 01
September 
2024

31 
August 
2027

11 BEN Beamex Beamex Oy Ab Fmland 892954938 87,575 00 0 00 01 
September 
2024

31 
August 
2027

12 AP BAE BAE Systems 
Marme Ltd

United 
Kmgdom

935453645 0 00 0 00 01 
September 
2024

31 
August 
2027

13 AP CCPI CCPI Európe 
Ltd

United 
Kmgdom

937294220 0 00 0 00 01 
September 
2024

31 
August 
2027

14 AP Metrosol Metrosol
Limited

United 
Kmgdom

950225193 0 00 0 00 01 
September 
2024

31 
August 
2027

15 AP NPL NPL 
Management 
Limited

United 
Kmgdom

999920330 0 00 0 00 01
September
2024

31 
August 
2027

16 AP STRATH Umversity of 
Strathclyde

United 
Kmgdom

999974068 0 00 0 00 01 
September 
2024

31 
August 
2027

17 AP UoM The Umversity 
of Manchester

United 
Kmgdom

999903840 0 00 0 00 01 
September 
2024

31 
August 
2027

Coordinator:

DTI from 01 September 2024 to 31 August 2027

3. Grant

Maximum grant amount, total estimated eligible costs and contributions and funding 
rate:

Total eligible 
costs

Funding 
rate

Maximum 
grant

Maximum grant 
amount

(BEN and (%) amount (award
AE) (Annex 2) decision)

1,580,074 50 100 1,477,499 50 1,477,499 50

Grant form: Budget-based
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Grant móde: Action grant

Budget categories/activity types:

- A Personnel costs

- A 1 Employees

- A 2 Natural persons under direct contract

- A 3 Seconded persons

- A 4 SME owners and natural person beneficianes

B Subcontractmg costs

C Purchase costs

C 1 Travel and subsistence

- C 2 Equipment

- C 3 Other goods, works and Services

D Other cost categories

D 1 Financial support to third parties

D 2 Internally mvoiced goods and Services

E Indirect costs

Cost eligibility options:

- In-kmd contnbutions eligible costs

Parental leave

Project-based supplementary payments

- Average personnel costs (umt cost accordmg to usual cost accountmg practices)

Limitation for subcontractmg

Travel and subsistence

- Travel Actual costs

- Accommodation Actual costs

- Subsistence Actual costs

Equipment depreciation only

Indirect cost flat-rate 25% of the eligible direct costs (categories A-D, except 
volunteers costs, subcontractmg costs, fmancial support to third parties and exempted 
specific cost categories, if any)

- VAT Ves

- Other mehgible costs

Budget flexibility Yes (no flexibility cap)

4. Reporting, payments and recoveries

4.1 Obligation to submit reports (art 21 1)

Deliverables: Yes

4.2 Periodic reporting and payments
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Reporting and payment schedule (art 21, 22):

Reportmg Payments

Reportmg penods Type Deadhne Type Deadhne (tíme to pay)

RP No Month trom Month to

Imtial 
prefinancing

30 days from entry mto force or from receípt of 
the last signed Accession Forms /10 days 
before startmg dáte - whichever is the latest

end of 
reportmg 

periód

1 1 18 Periodíc report 60 days after 
end of 

reportmg 
periód

Intenm payment 90 days from receívmg periodíc report

2 19 36 Periodio report 60 days after Fmal payment 90 days from receívmg periodíc report

Prefinancing payments and guarantees:

Prefinancing payments

Type Total Amount Division per participant

Prefinancing 1 (imtial) 886,499 70 01 DTI 240,000 00

02 CMI 36,000 00

03 PTB 222,000 00

04 SMU 15,000 00

05 UL 160,500 00

06 VTT 47,999 70

07 DTU 96,000 00

08 NSC-IM 36,000 00

09 OVGU 33,000 00

10 B&W 
Volund

0 00

11 Beamex 0 00

12 BAE 0 00

13 CCPI 0 00

14 Metrosol 0 00
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15 NPL 0 00

16 STRATH 0 00

17 UoM 0 00

Reporting and payment modalities (art 21, 22):

Mutual Insurance Mechamsm (MIM) Yes

MIM contnbution 5% of the maximum grant amount 73,874 98 retamed from the 

mitial prefmancmg as follows

5 % MIM Contnbution per beneficiary

Division per participant Net initial
payment

01 DTI 20,000 00 220,000 00

02 CMI 3,000 00 33,000 00

03 PTB 18,500 00 203,500 00

04 SMU 1,250 00 13,750 00

05 UL 13,375 00 147,125 00

06 VTT 3,999 98 43,999 73

07 DTU 8,000 00 88,000 00

08 NSC-IM 3,000 00 33,000 00

09 OVGU 2,750 00 30,250 00

10 B&WVolund 0 00 0 00

11 Beamex 0 00 0 00

12 BAE 0 00 0 00

13 CCPI 0 00 0 00

14 Metrosol 0 00 0 00

15 NPL 0 00 0 00

16 STRATH 0 00 0 00

17 UoM 0 00 0 00

Intenm payment ceiling (if any) 90% of the maximum grant amount

Exception for revenues No

No-profit rule Yes

Late payment mterest ECB + 35%

Bank accounts of the beneficianes for payments
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Conversion mto euros Double conversion

Reportmg language Language of the Agreement

4.3 Certificates (art 24)

Certificates on the financial statements (CFS)

Conditions

Schedule only at fmal payment, if threshold is reached

Standard threshold (beneficiary level)

- fmancial statement requested European Partnership on Metrology 
contribution to costs > EUR 430 000

Special threshold for beneficianes with a systems and process audit (see Article 24) 
fmancial statement requested European Partnership on Metrology contnbution to 
costs > EUR 725 000

4.4 Recoveries (art 22)

First-line liability for recoveries:

Beneficiary termination Beneficiary concerned

Fmal payment Each beneficiary for their own debt

After fmal payment Beneficiary concerned

Joint and several liability for enforced recoveries (in čase of non-payment):

Individual fmancial responsibility Each beneficiary is hable only for its own debts (and those 
of its affiliated entities, if any)

Joint and several liability of affiliated entities — N/A

5. Consequences of non-compliance, applicable law & dišpute settlement fórum

Suspension and termination:

Additional suspension grounds (art 31)

Additional termination grounds (art 32)

Applicable law (art 43):

Standard applicable law regime EU law + national law of the Member State of the grantmg 
authonty

Dišpute settlement fórum (art 43):

Standard dišpute settlement fórum competent national courts of the Member State of the 
grantmg authonty

6. Other
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Specific rules (Annex 5): Yes

Sensitive Information with secunty recommendation

EU classified Information

- Ethics and research integrity

Gender mamstreaming

IPR, results and background, access nghts and nghts of use (Honzon Európe)

- Communication, dissemmation, open Science and visibility (Honzon Európe)

Specific rules for carrymg out the action

Implementation m čase of restnctions due to stratégie assets, mterests, autonomy 
or secunty of the EU and its Member States

Recruitment and workmg conditions for researchers

Specific rules for PCP and PPI proeurements

Standard time-limits after project end:

Confidentiality (for X years after fmal payment) 5

Record-keepmg (for X years after fmal payment) 5 (or 3 for grants of not more than
EUR 60 000)

Reviews (up to X years after fmal payment) 2

Audits (up to X years after fmal payment) 2

Extension of fmdmgs from other grants to this grant (no later than X years after fmal 
payment) 2

Impact evaluation (up to X years after fmal payment) 5 (or 3 for grants of not more than 
EUR 60 000)
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CHAPTER1 GENERAL

ARTICLE 1 — SUBJECT OF THE AGREEMENT

This Agreement sets out the nghts and obhgations and terms and conditions apphcable to the 
grant awarded forthe implementation of the action set out m Chapter 2

ARTICLE 2 — DEFINITIONS

Forthe purpose of this Agreement, the followmg defmitions apply

Action — The project which is bemg funded m the context of this Agreement

Grant — The grant awarded m the context of this Agreement

EU grants — Grants awarded by EU mstitutions, bodies, offices or agencies (includmg EU 
executive agencies, EU regulátory agencies, EDA, jomt undertakmgs, etc )

Metrology Partnership contribution - aggregate amount of the fmancial resources committed 
and paid by EURAMET m the framework of the Metrology Partnership to 
beneficianes and affiliated entities,

Participants — Entities participatmg m the action as beneficianes, affiliated entities, 
associated partners, third parties giving m-kmd contnbutions, subcontractors 
or recipients of fmancial support to third parties

Beneficianes (BEN) — The signatones of this Agreement (either directly or through an 
accession form)

Affiliated entities (AE) — Entities affíhated to a beneficiary withm the meanmg of Article 187 of 
EU Financial Regulation 2018/10464 which participate m the action with 
similar nghts and obhgations as the beneficianes (obhgation to implement 
action tasks and nght to chargé costs and claim contnbutions)

4 For the defimtion, see Article 187 Regulation (EU, Euratom) 2018/1046 of the European Parhament and of the
Council of 18 July 2018 on the fmancial rules apphcable to the generál budget of the Union, amendmg 
Regulations (EU) No 1296/2013, (EU) No 1301/2013, (EU) No 1303/2013, (EU) No 1304/2013, (EU) No 
1309/2013, (EU) No 1316/2013, (EU) No 223/2014, (EU) No 283/2014, and Decision No 541/2014/EU and 
repeahng Regulation (EU, Euratom) No 966/2012 ('EU Financial Regulation’) (OJ L 193, 30 7 2018, p 1) 
"affíhated entities [are]
(a) entities that form a sóle beneficiary [(i e where an entity is formed of several entities that satisfy the cnteria 

for bemg awarded a grant, includmg where the entity is specifically estabhshed for the purpose of 
implementmg an action to be financed by a grant)],

(b) entities that satisfy the eligibility cnteria and that do not fall withm one of the situations referred to m Article 
136(1) and 141(1) and that háve a Imk with the beneficiary, m particular a legal or Capital Imk, which is 
neither limited to the action nor estabhshed for the sóle purpose of its implementation”

Associated partners (AP) — Entities which participate m the action, but without the nght to 
chargé costs or claim contnbutions

Purchases — Contracts for goods, works or Services needed to carry out the action (e g 
equipment, consumables and supphes) but which are not part of the action 
tasks (see Annex 1)

Subcontractmg — Contracts for goods, works or Services that are part of the action tasks (see 
Annex 1)
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ln-kmd contnbutions — In-kmd contributions within the meaning of Article 2(36) of EU Financial 
Regulation 2018/1046, is non-fmancial resources made available free of 
chargé by third parties

Fraud — Fraud withm the meanmg of Article 3 of EU Directive 2017/13715 and Article 
1 of the Convention on the protection of the European Communities’ financial 
mterests, drawn up by the Council Act of 26 July 19956, as well as any other 
wrongful or cnminal deception mtended to result m fmancial or personál gam

Directive (EU) 2017/1371 of the European Parhament and of the Council of 5 July 2017 on the fight agamst 
fraud to the Umon’s fmancial mterests by means of cnminal law (OJ L 198, 28 7 2017, p 29)
OJ C 316, 27 11 1995, p 48
Council Regulation (EC, Euratom) No 2988/95 of 18 December 1995 on the protection of the European 
Communities fmancial mterests (OJ L 312, 23 12 1995, p 1)
For the defimtion, see Article 180(2)(a) EU Financial Regulation 2018/1046 ‘action grant’ means an EU grant 
to fmance “an action mtended to help achieve a Union policy objective”

Irregulanties — Any type of breach (regulátory or contractual) which could impact the EU 
fmancial mterests, mcludmg irregulanties withm the meanmg of Article 1(2) 
of EU Regulation 2988/957

Grave professional misconduct — Any type of unacceptable or improper behaviour m 
exercismg one’s profession, especially by employees, mcludmg grave 
professional misconduct withm the meanmg of Article 136(1)(c) of EU 
Financial Regulation 2018/1046

Applicable EU, International and national law — Any legal acts or other (bmdmg or non-bmdmg) 
rules and guidance m the area concerned

Portál — EU Fundmg & Tenders Portál, electromc portál and exchange systém 
managed by the European Commission and used by itself and other EU 
mstitutions, bodies, offices or agencies for the management of their fundmg 
programmes (grants, procurements, pnzes, etc )

CHAPTER 2 ACTION

ARTICLE 3 — ACTION

The grant is awarded for the action 23IND11 ThermoSI (‘action’), as descnbed m Annex 1

ARTICLE 4 — DURATION AND STARTING DÁTE

The duration and the startmg dáte of the action are set out m the Data Sheet (see Point 1)

CHAPTER 3 GRANT

ARTICLE 5 —GRANT

5.1 Formof grant

The grant is an action grant8 which takes the form of a budget-based mixed actual cost grant 
(i e a grant based on actual costs mcurred, but which may also mclude other forms of fundmg, 
súch as umt costs or contnbutions, flat-rate costs or contnbutions, lump sum costs or 
contnbutions or fmancmg not Imked to costs)
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5.2 Maximum grant amount

The maximum grant amount is set out m the Data Sheet (see Point 3) and m the estimated 
budget (Annex 2)

5.3 Funding rate

The funding rate for costs is 100 % of the action’s eligible costs

Contnbutions are not subject to any funding rate

5.4 Estimated budget, budget categories and forms of funding

The estimated budget for the action is set out m Annex 2

It contams the estimated eligible costs and contnbutions for the action, broken down by 
participant and budget category

Annex 2 also shows the types of costs and contnbutions (forms of funding)9 to be used for 
each budget category

See Article 125 EU Financial Regulation 2018/1046

If umt costs or contnbutions are used, the details on the calculation will be explamed m Annex 
2a

5.5 Budget flexibility

The budget breakdown may be adjusted — without an amendment (see Article 39) — by 
transfers (between participants and budget categories), as long as this does not imply any 
substantive or important change to the descnption of the action m Annex 1

However

- changes to budget categories with lump sums costs or contnbutions (if used, mcludmg 
fmancmg not hnked to costs) always require an amendment

addition of amounts for subcontracts not provided for m Annex 1 either require an 
amendment or simphfied approval m accordance with Article 6 2

- other changes require an amendment or simphfied approval, if specifically provided for 
m Article 6 2

ARTICLE 6 — ELIGIBLE AND INELIGIBLE COSTS AND CONTRIBUTIONS

In order to be eligible, costs and contnbutions mušt meet the eligibility conditions set out m 
this Article

6.1 General eligibility conditions

The generál eligibility conditions are the followmg

(a) for actual costs

(i) they mušt be actually mcurred by the beneficiary
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(n) they mušt be mcurred m the periód set out in Article 4 (with the exception of 
costs relatmg to the submission of the final penodio report, which may be 
mcurred afterwards, see Article 21)

(m) they mušt be declared under one of the budget categones set out in Article 6 2 
and Annex 2

(iv) they mušt be mcurred m connection with the action as descnbed m Annex 1 
and necessary for its implementation

(v) they mušt be identifiable and verifiable, m particular recorded m the 
beneficiary’s accounts m accordance with the accountmg standards apphcable 
m the country where the beneficiary is established and with the beneficiary’s 
usual cost accountmg practices

(vi) they mušt comply with the apphcable national law on taxes, labour and social 
secunty and

(vii) they mušt be reasonable, justified and mušt comply with the prmciple of sound 
fmancial management, m particular regardmg economy and efficiency

(b) for umt costs or contnbutions (if any)

(i) they mušt be declared under one of the budget categones set out m Article 6 2 
and Annex 2

(n) the umts mušt

- be actually used or produced by the beneficiary m the periód set out m 
Article 4 (with the exception of umts relatmg to the submission of the fmal 
penodíc report, which may be used or produced afterwards, see Article 
21)

- be necessary for the implementation of the action and

(m) the number of umts mušt be identifiable and venfiable, m particular supported 
by records and documentation (see Article 20)

(c) for flat-rate costs or contnbutions (if any)

(i) they mušt be declared under one of the budget categones set out m Article 6 2 
and Annex 2

(n) the costs or contnbutions to which the flat-rate is applied mušt

- be ehgible

- relate to the periód set out m Article 4 (with the exception of costs or 
contnbutions relatmg to the submission of the fmal penodíc report, which 
may be mcurred afterwards, see Article 21)

(d) for lump sum costs or contnbutions (if any)

(i) they mušt be declared under one of the budget categones set out m Article 6 2 
and Annex 2

(n) the work mušt be properly implemented by the beneficiary m accordance with 
Annex 1
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(m) the deliverables/outputs mušt be achieved m the periód set out m Article 4 
(with the exception of dehverables/outputs relating to the submission of the 
fmal penodio report, which may be achieved afterwards, see Article 21)

(e) for umt, flat-rate or lump sum costs or contributions according to usual cost accounting 
practices (if any)

(i) they mušt fulfil the generál eligibility conditions for the type of cost concerned

(li) the cost accountmg practices mušt be applied m a consistent manner, based 
on objective cnteria, regardless of the source of fundmg

(f) for fmancmg not linked to costs (if any) the results mušt be achieved or the conditions 
mušt be fulfilled as descnbed m Annex 1

In addition, for direct cost categones (e g personnel, travel & subsistence, subcontractmg and 
other direct costs) only costs that are directly hnked to the action implementation and can 
therefore be attnbuted to it directly are ehgible They mušt not mclude any mdirect costs (i e 
costs that are only mdirectly hnked to the action, e g via cost dnvers)

In-kind contributions provided by third parties free of chargé may be declared as ehgible 
direct costs by the beneficianes which use them (under the samé conditions as if they were 
their own, provided that they concern only direct costs and that the third parties and their m- 
kmd contributions are set out m Annex 1 (or approved ex post m the penodíc report, if their use 
does not entail changes to the Agreement which would call mto question the decision awardmg 
the grant or breach the pnnciple of equal treatment of apphcants, ‘simphfied approval 
procedúre’)

6.2 Specific eligibility conditions for each budget category

For each budget category, the specific eligibility conditions are as follows

Direct costs

A. Personnel costs

A.1 Costs for employees (or equivalent) are ehgible as personnel costs if they fulfil the 
generál eligibility conditions and are related to personnel workmg for the beneficiary under an 
employment contract (or equivalent appomtmg act) and assigned to the action

They mušt be hmited to salanes (includmg net payments dunng parental leave), social secunty 
contributions, taxes and other costs hnked to the remuneration, if they anse from national law 
or the employment contract (or equivalent appomtmg act) and be calculated on the basis of 
the costs actually mcurred, m accordance with the followmg method

{daily rate for the person multiphed by number of day-equivalents worked on the action 
(rounded up or down to the nearest half-day)}

The daily rate mušt be calculated as

{annual personnel costs for the person divided by 215}

The number of day-equivalents declared for a person mušt be identifiable and venfiable (see 
Article 20)

The actual tíme spent on parental leave by a person assigned to the action may be deducted 
from the 215 days mdicated m the above formula
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The total number of day-equivalents declared m EU grants, for a person for a year, cannot be 
higher than 215 mínus tíme spent on parental leave (if any)

For personnel which receíves supplementary payments for work m projects (project-based 
remuneration), the personnel costs mušt be calculated at a rate which

- corresponds to the actual remuneration costs paid by the beneficiary for the tíme 
worked by the person m the action over the reportmg periód

does not exceed the remuneration costs paid by the beneficiary for work m similar 
projects funded by national schemes ('national projects reference’)

is defmed based on objective critena allowmg to determme the amount to which the 
person is entitled

and

reflects the usual practice of the beneficiary to pay consistently bonuses or 
supplementary payments for work m projects funded by national schemes

The national projects reference is the remuneration defmed m national law, collective 
labour agreement or written mternal rules of the beneficiary applicable to work m projects 
funded by national schemes

If there is no súch national law, collective labour agreement or written mternal rules or if the 
project-based remuneration is not based on objective cntena, the national project reference 
will be the average remuneration of the person m the last full calendar year covered by the 
reportmg periód, excludmg remuneration paid for work m EU actions

If the beneficiary uses average personnel costs (umt cost accordmg to usual cost accountmg 
practices), the personnel costs mušt fulfil the generál ehgibíhty conditions for súch umt costs 
and the daily rate mušt be calculated

usmg the actual personnel costs recorded m the beneficiary’s accounts and excludmg 
any costs which are mehgible or already mcluded m other budget categones, the actual 
personnel costs may be adjusted on the basis of budgeted or estimated elements, if 
they are relevant for calculatmg the personnel costs, reasonable and correspond to 
objective and venfiable Information

and

accordmg to usual cost accountmg practices which are applied m a consistent manner, 
based on objective cntena, regardless of the source of fundmg

A.2 and A.3 Costs for natural persons working under a direct contract other than an 
employment contract and costs for seconded persons by a third party against payment are 
also ehgible as personnel costs, if they are assigned to the action, fulfil the generál ehgibíhty 
conditions and

(a) work under conditions similar to those of an employee (m particular regardmg the way 
the work is orgamsed, the tasks that are performed and the premises where they are 
performed) and

(b) the result of the work belongs to the beneficiary (unless agreed otherwise)

They mušt be calculated on the basis of a rate which corresponds to the costs actually mcurred 
for the direct contract or secondment and mušt not be sigmficantly different from those for 
personnel performmg similar tasks under an employment contract with the beneficiary

20



Partnership Grant Agreement 23IND11 ThermoSI v1 0

A. 4 The work of SME owners for the action (i e owners of beneficiaries that are small and 
medium-sized enterpnses not receívmg a salary) or natural person beneficiaries (i e 
beneficianes that are natural persons not receívmg a salary) may be declared as personnel 
costs, if they fulfil the generál eligibility conditions and are calculated as umt costs m 
accordance with the method set out m Annex 2a

B. Subcontracting costs

Subcontracting costs for the action (includmg related duties, taxes and charges, súch as 
non-deductible or non-refundable value added tax (VAT)) are ehgible, if they are calculated on 
the basis of the costs actually mcurred, fulfil the generál ehgibility conditions and are awarded 
usmg the beneficiary’s usual purchasmg practices — provided these ensure subcontracts with 
best value for money (or if appropnate the lowest price) and that there is no confhct of mterests 
(see Article 12)

Beneficiaries that are ‘contractmg authonties/entities’ withm the meanmg of the EU Directives 
on pubhc procurement mušt also comply with the applicable national law on public 
procurement

Subcontracting may cover only a limited part of the action

The tasks to be subcontracted and the estimated cost for each subcontract mušt be set out m 
Annex 1 and the total estimated costs of subcontracting per beneficiary mušt be set out m 
Annex 2 (or may be approved ex post m the penodíc report, if the use of subcontracting does 
not entail changes to the Agreement which would call mto question the decision awardmg the 
grant or breach the pnnciple of equal treatment of applicants, 'simphfled approval procedúre’)

C. Purchase costs

Purchase costs for the action (includmg related duties, taxes and charges, súch as non- 
deductible or non-refundable value added tax (VAT)) are ehgible if they fulfil the generál 
ehgibíhty conditions and are bought usmg the beneficiary’s usual purchasmg practices — 
provided these ensure purchases with best value for money (or if appropnate the lowest pnce) 
and that there is no confhct of mterests (see Article 12)

Beneficiaries that are 'contractmg authonties/entities’ withm the meanmg of the EU Directives 
on pubhc procurement mušt also comply with the apphcable national law on pubhc 
procurement

C.1 Travel and subsistence

Purchases for travel, accommodation and subsistence mušt be calculated as follows

travel on the basis of the costs actually mcurred and m hne with the beneficiary’s usual 
practices on travel

- accommodation on the basis of the costs actually mcurred and m hne with the 
beneficiary’s usual practices on travel

1 o For the defmition, see Commission Recommendation 2003/361/EC micro, small or medium-sized enterpnse 
(SME) are enterpnses

engaged m an economio activity, irrespective of their legal form (includmg, m particular, self- employed 
persons and family busmesses engaged m craft or other activities, and partnerships or associations 
regularly engaged m an economio activity) and
employing fewer than 250 persons (expressed m ‘annual workmg umts’ as defmed m Article 5 of the 
Recommendation) and which háve an annual turnover not exceedmg EUR 50 million, and/or an annual 
balance sheet total not exceedmg EUR 43 milhon 
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subsistence on the basis of the costs actually mcurred and m hne with the beneficiary’s 
usual practices on travel

C.2 Equipment

Purchases of equipment, infrastructure or otherassets usedforthe action mušt be declared 
as depreciation costs, calculated on the basis of the costs actually mcurred and wntten off m 
accordance with International accountmg standards and the beneficiary’s usual accountmg 
practices

Only the portion of the costs that corresponds to the rate of actual use forthe action dunng the 
action duration can be taken mto account

Costs for renting or leasing equipment, infrastructure or other assets are also ehgible, if they 
do not exceed the depreciation costs of similar equipment, infrastructure or assets and do not 
mclude any fmancmg fees

C. 3 Other goods, works and Services

Purchases of other goods, works and Services mušt be calculated on the basis of the costs 
actually mcurred

Súch goods, works and Services mclude, for mstance, consumables and supphes, promotion, 
dissemmation, protection of results, translations, pubhcations, certificates and fmancial 
guarantees, if required under the Agreement

D. Other cost categories

D.1 Financial support to third parties

Not applicable

D.2 Internally invoiced goods and Services

Costs for internally invoiced goods and Services directly used for the action may be 
declared as umt cost accordmg to usual cost accountmg practices, if and as declared ehgible 
m the call conditions, if they fulfil the generál ehgibility conditions for súch umt costs and the 
amount per umt is calculated

usmg the actual costs for the good or Service recorded m the beneficiary’s accounts, 
attnbuted either by direct measurement or on the basis of cost dnvers, and excludmg 
any cost which are mehgible or already mcluded m other budget categories, the actual 
costs may be adjusted on the basis of budgeted or estimated elements, if they are 
relevant for calculatmg the costs, reasonable and correspond to objective and venfiable 
Information

and

accordmg to usual cost accountmg practices which are applied m a consistent manner, 
based on objective cntena, regardless of the source of fundmg

‘Internally invoiced goods and Services’ means goods or Services which are provided withm 
the beneficiary’s orgamsation directly for the action and which the beneficiary values on the 
basis of its usual cost accountmg practices

This cost will not be taken mto account for the mdirect cost flat-rate

D.5 PCP/PPI procurement costs
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Not applicable

Indirect costs

E. Indirect costs

Indirect costs will be reimbursed at the flat-rate of 25% of the ehgible direct costs (categories 
A-D, except volunteers costs, subcontractmg costs, fmancial support to third parties and 
exempted specific cost categories, if any)

Contributions

Not applicable

6.3 Ineligible costs and contributions

The followmg costs or contributions are ineligible

(a) costs or contributions that do not comply with the conditions set out above (Article 6 1 
and 6 2), m particular

(i) costs related to return on capital and dividends paid by a beneficiary

(n) debt and debt Service charges

(m) provisions for future losses or debts

(iv) mterest owed

(v) currency exchange losses

(vi) bank costs charged by the beneficiary’s bank for transfers from the grantmg 
authority

(vn) excessive or reckless expenditure

(viii) deductible or refundable VAT (mcludmg VAT paid by public bodies actmg as 
pubhc authonty)

(ix) costs mcurred or contributions for activities implemented dunng grant 
agreement suspension (see Article 32)

(x) m-kmd contributions by third parties Not applicable

(b) costs or contributions declared under other EU grants (or grants awarded by an EU 
Member State, non-EU country or other body implementing the EU budget), except for 
the followmg cases

(i) Synergy actions Not apphcable

11(n) if the action grant is combined with an operatmg grant runnmg dunng the 
samé periód and the beneficiary can demonstrate that the operatmg grant 
does not cover any (direct or indirect) costs of the action grant

For the defimtion, see Article 180(2)(b) EU Financial Regulation 2018/1046 ‘operatmg granť means an EU 
grant to fmance “the functionmg of a body which has an objective formmg part of and supportmg an EU pohcy”
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(c) costs or contributions for staff of a national (or regional/local) admimstration, for 
activities that are part of the administration’s normál activities (i e not undertaken only 
because of the grant)

(d) costs or contnbutions (especially travel and subsistence) for staff or representatives of 
EU institutions, bodies or agencies

(e) other

(i) country restnctions for eligible costs Not applicable

(n) costs or contnbutions declared specifically mehgible m the call conditions

6.4 Consequences of non-compliance

If a beneficiary declares costs or contnbutions that are mehgible, they will be rejected (see 
Article 27)

This may also lead to other measures descnbed m Chapter 5

CHAPTER 4 GRANT IMPLEMENTATION

SECTION 1 CONSORTIUM: BENEFICIARIES, AFFILIATED ENTITIES AND OTHER 
PARTICIPANTS

ARTICLE 7 — BENEFICIARIES

The beneficianes, as signatones of the Agreement, are fully responsible towards the grantmg 
authonty for implementing it and for complymg with all its obhgations

They mušt implement the Agreement to their best abihties, m good faith and m accordance 
with all the obhgations and terms and conditions it sets out

They mušt háve the appropnate resources to implement the action and implement the action 
under their own responsibiIity and m accordance with Article 11 If they rely on affiliated entities 
or other participants (see Articles 8 and 9), they retam sóle responsibility towards the grantmg 
authonty and the other beneficiaries

They are jomtly responsible for the technical implementation of the action If one of the 
beneficianes fails to implement their part of the action, the other beneficianes mušt ensure that 
this part is implemented by someone else (without bemg entitled to an mcrease of the 
maximum grant amount and subject to an amendment, see Article 39) The financial 
responsibility of each beneficiary m čase of recovenes is governed by Article 22

The beneficianes (and their action) mušt remam eligible under the EU programme fundmg the 
grant for the entire duration of the action Costs and contnbutions will be eligible only as long 
as the beneficiary and the action are eligible

The internal roles and responsibilities of the beneficianes are divided as follows

(a) Each beneficiary mušt

(i) keep Information stored m the Portál Participant Register up to dáte (see 
Article 19)

(ii) mform the grantmg authonty (and the other beneficianes) immediately of any 
events or circumstances likely to affect sigmficantly or delay the 
implementation ofthe action (see Article 19)
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(m) submit to the coordinator m good tíme

- the prefmancmg guarantees (if required, see Article 23)

- the fmancial statements and certificates on the fmancial statements 
(CFS) (if required, see Articles 21 and 24 2 and Data Sheet, Point 4 3)

- the contnbution to the dehverables and technical reports (see Article 21)

- any other documents or Information required by the grantmg authonty 
under the Agreement

(iv) submit via the Portál data and Information related to the participation of their 
affiliated entities

(b) The coordmator mušt

(i) monitor that the action is implemented properly (see Article 11)

(n) act as the mtermediary for all Communications between the consortium and 
the grantmg authonty, unless the Agreement or grantmg authonty specifies 
otherwise, and m particular

- submit the prefmancmg guarantees to the grantmg authonty (if any)

request and review any documents or Information required and venfy 
their quahty and completeness before passmg them on to the grantmg 
authonty

- submit the dehverables and reports to the grantmg authonty

The coordmator may not delegate or subcontract the above-mentioned tasks to any other 
beneficiary or third party (mcludmg affiliated entities)

However, coordmators which are pubhc bodies may delegate the tasks set out m Point (b)(n) 
last mdent above to entities with ‘authonsation to admmister’ which they háve created or which 
are controlled by or affiliated to them In this čase, the coordmator retams sóle responsibility 
for comphance with the obhgations under the Agreement

Moreover, coordmators which are ‘sóle beneficianes’ (or similar, súch as European research 
mfrastructure consortia (ERICs)) may delegate the tasks set out m Point (b)(i) to (n) above to 
one of their members The coordmator retams sóle responsibíhty for comphance with the 
obhgations under the Agreement

The beneficianes mušt háve internal arrangements regarding their operation and co- 
ordmation, to ensure that the action is implemented properly

If required by the grantmg authonty (see Data Sheet, Point 1), these arrangements mušt be 
set out m a wntten consortium agreement between the beneficianes, covermg for mstance

- the internal orgamsation of the consortium

the management of access to the Portál

For the definition, see Article 187(2) EU Financial Regulation 2018/1046 “Where several entities satisfy the 
critena for bemg awarded a grant and together form one entity, that entity may be treated as the sóle 
beneficiary, includmg where it is specifically established for the purpose of implementing the action fmanced 
by the grant ” 
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different distnbution keys for the payments and fmancial responsibilities in čase of 
recovenes (if any)

additional rules on rights and obhgations related to background and results (see Article 
16)

settlement of mternal disputes

hability, indemmfication and confidentiahty arrangements between the beneficianes

The mternal arrangements mušt not contam any provjsion contrary to this Agreement

ARTICLE 8 —AFFILIATED ENTITIES

Not applicable

ARTICLE 9 — OTHER PARTICIPANTS INVOLVED IN THE ACTION

9.1 Associated partners

The followmg entities which cooperate with a beneficiary will participate m the action as 
'associated partners’

- BAE Systems Marme Ltd (BAE), PIC no 935453645, associated partner of Teknologisk 
Inštitút (DTI), Česky Metrologický Inštitút (CMI), Physikahsch-Techmsche Bundesanstalt 
(PTB), Slovenský Metrologický Ústav (SMU), Umverza v Ljubljam (UL), Teknologian 
tutkimuskeskus VTT Oy (VTT), Danmarks Tekmske Umversitet (DTU), National Scientific 
Centre Inštitúte of Metrology (NSC-IM), Otto-von-Guencke-Umversitaet Magdeburg 
(OVGU), Babcock & Wilcox Volund A/S (B&W Volund), Beamex Oy Ab (Beamex)

- CCPI Európe Ltd (CCPI), PIC no 937294220, associated partner of Teknologisk Inštitút 
(DTI), Česky Metrologický Inštitút (CMI), Physikahsch-Technische Bundesanstalt (PTB), 
Slovenský Metrologický Ústav (SMU), Úmverza v Ljubljam (UL), Teknologian 
tutkimuskeskus VTT Oy (VTT), Danmarks Tekmske Umversitet (DTU), National Scientific 
Centre Inštitúte of Metrology (NSC-IM), Otto-von-Guericke-Universitaet Magdeburg 
(OVGU), Babcock & Wilcox Volund A/S (B&W Volund), Beamex Oy Ab (Beamex)

Metrosol Limited (Metrosol), PIC no 950225193, associated partner of Teknologisk 
Inštitút (DTI), Česky Metrologický Inštitút (CMI), Physikahsch-Techmsche Bundesanstalt 
(PTB), Slovenský Metrologický Ústav (SMU), Umverza v Ljubljam (UL), Teknologian 
tutkimuskeskus VTT Oy (VTT), Danmarks Tekmske Umversitet (DTU), National Scientific 
Centre Inštitúte of Metrology (NSC-IM), Otto-von-Guencke-Umversitaet Magdeburg 
(OVGU), Babcock & Wilcox Volund A/S (B&W Volund), Beamex Oy Ab (Beamex)

NPL Management Limited (NPL), PIC no 999920330, associated partner of 
Teknologisk Inštitút (DTI), Česky Metrologický Inštitút (CMI), Physikalisch-Techmsche 
Bundesanstalt (PTB), Slovenský Metrologický Ústav (SMU), Umverza v Ljubljam (UL), 
Teknologian tutkimuskeskus VTT Oy (VTT), Danmarks Tekmske Umversitet (DTU), National 
Scientific Centre Inštitúte of Metrology (NSC-IM), Otto-von-Guencke-Umversitaet 
Magdeburg (OVGU), Babcock & Wilcox Volund A/S (B&W Volund), Beamex Oy Ab 
(Beamex)

Umversity of Strathclyde (STRATH), PIC no 999974068, associated partner of 
Teknologisk Inštitút (DTI), Česky Metrologický Inštitút (CMI), Physikahsch-Techmsche 
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Bundesanstalt (PTB), Slovenský Metrologický Ústav (SMU), Umverza v Ljubljam (UL), 
Teknologian tutkimuskeskus VTT Oy (VTT), Danmarks Tekmske Umversitet (DTU), National 
Scientific Centre Inštitúte of Metrology (NSC-IM), Otto-von-Guencke-Universitaet 
Magdeburg (OVGU), Babcock & Wilcox Volund A/S (B&W Volund), Beamex Oy Ab 
(Beamex)

The Umversity of Manchester (UoM), PIC no 999903840, associated partner of 
Teknologisk Inštitút (DTI), Česky Metrologický Inštitút (CMI), Physikalisch-Technische 
Bundesanstalt (PTB), Slovenský Metrologický Ústav (SMU), Umverza v Ljubljam (UL), 
Teknologian tutkimuskeskus VTT Oy (VTT), Danmarks Tekmske Umversitet (DTU), National 
Scientific Centre Inštitúte of Metrology (NSC-IM), Otto-von-Guencke-Umversitaet 
Magdeburg (OVGU), Babcock & Wilcox Volund A/S (B&W Volund), Beamex Oy Ab 
(Beamex)

Associated partners mušt implement the action tasks attnbuted to them m Annex 1 m 
accordance with Article 11 They may not chargé costs or contnbutions to the action and the 
costs for their tasks are not eligible

The tasks mušt be set out m Annex 1

The beneficianes mušt ensure that their contractual obhgations under Articles 11 (proper 
implementation), 12 (conflict of mterests), 13 (confidentiality and secunty), 14 (ethics), 17 2 
(visibility), 18 (specific rules for carrymg out action), 19 (Information) and 20 (record-keepmg) 
also apply to the associated partners

The beneficianes mušt ensure that the bodies mentioned m Article 25 (e g grantmg authonty, 
OLAF, Court of Auditors (EGA), etc) can exercise their nghts also towards the associated 
partners

9.2 Third parties giving in-kind contributions to the action

Other third parties may give m-kmd contnbutions to the action (i e personnel, equipment, other 
goods, works and Services, etc which are free-of-charge) if necessary for the implementation

Third parties giving m-kmd contnbutions do not implement any action tasks They may not 
chargé costs or contnbutions to the action, butthe costs forthe m-kmd contnbutions are eligible 
and may be charged by the beneficianes which use them, under the conditions set out m Article 
6 The costs will be mcluded m Annex 2 as part of the beneficianes’ costs

The third parties and their in-kind contnbutions should be set out m Annex 1

The beneficianes mušt ensure that the bodies mentioned m Article 25 (e g grantmg authonty, 
OLAF, Court of Auditors (EGA), etc) can exercise their nghts also towards the third parties 
giving m-kmd contnbutions

9.3 Subcontractors

Subcontractors may participate m the action, if necessary for the implementation

Subcontractors mušt implement their action tasks m accordance with Article 11 The costs for 
the subcontracted tasks (mvoiced pnce from the subcontractor) are eligible and may be 
charged by the beneficianes, under the conditions set out m Article 6 The costs will be mcluded 
m Annex 2 as part of the beneficianes’ costs

The beneficianes mušt ensure that their contractual obhgations under Articles 11 (proper 
implementation), 12 (confhct of mterest), 13 (confidentiality and secunty), 14 (ethics), 17 2 
(visibility), 18 (specific rules for carrymg out action), 19 (Information) and 20 (record-keepmg) 
also apply to the subcontractors
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The beneficianes mušt ensure that the bodies mentioned m Article 25 (e g grantmg authonty, 
OLAF, Court of Auditors (EGA), etc) can exercise their nghts also towards the subcontractors

9.4 Recipients of financial support to third parties

If the action includes providing financial support to third parties (e g grants, pnzes or similar 
forms of support), the beneficianes mušt ensure that their contractual obhgations under Articles 
12 (conflictof mterest), 13 (confidentiahty and secunty), 14(ethics), 17 2 (visibility), 18(specific 
rules for carrymg out action), 19 (Information) and 20 (record-keepmg) also apply to the third 
parties receívmg the support (recipients)

The beneficianes mušt also ensure that the bodies mentioned m Article 25 (e g grantmg 
authonty, OLAF, Court of Auditors (EGA), etc) can exercise their nghts also towards the 
recipients

ARTICLE 10 — PARTICIPANTS WITH SPECIAL STATUS

10.1 Non-EU participants

Participants which are estabhshed m a non-EU country (if any) undertake to comply with their 
obhgations under the Agreement and

- to respect generál pnnciples (mcludmg fundamental nghts, values and ethical 
pnnciples, environmental and labour standards, rules on classified Information, 
mtellectual property nghts, visibility of fundmg and protection of personál data)

- for the submission of certificates under Article 24 to use quahfied external auditors 
which are mdependent and comply with comparable standards as those set out m EU 
Directive 2006/43/EC13

13 Directive 2006/43/EC of the European Parhament and of the Council of 17 May 2006 on statutory audits of 
annual accounts and Consolidated accounts or similar national regulations (OJ L 157, 9 6 2006, p 87)

for the Controls under Article 25 to allow for checks, reviews, audits and mvestigations 
(mcludmg on-the-spot checks, visits and mspections) by the bodies mentioned m that 
Article (e g grantmg authonty, OLAF, Court of Auditors (EGA), etc )

Special rules on dišpute settlement apply (see Data Sheet, Point 5)

10.2 Participants which are international organisations

Participants which are International organisations (lOs, if any) undertake to comply with their 
obhgations under the Agreement and

- to respect generál prmciples (mcludmg fundamental nghts, values and ethical 
prmciples, environmental and labour standards, rules on classified Information, 
mtellectual property nghts, visibility of fundmg and protection of personál data)

- for the submission of certificates under Article 24 to use either mdependent pubhc 
officers or external auditors which comply with comparable standards as those set out 
m EU Directive 2006/43/EC

for the Controls under Article 25 to allow for the checks, reviews, audits and 
mvestigations by the bodies mentioned m that Article, takmg mto account the specific 
agreements concluded by them and the EU (if any)

For súch participants, nothmg m the Agreement will be mterpreted as a waiver of their 
pnvileges or immunities, as accorded by their constituent documents or International law
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Special rules on applicable law and dišpute settlement apply (see Article 43 and Data Sheet, 
Point 5)

10.3 Pillar-assessed participants

Pillar-assessed participants (if any) may rely on their own systems, rules and procedures, m 
so far as they háve been positively assessed and do not call mto question the decision 
awardmg the grant or breach the pnnciple of equal treatment of apphcants or beneficianes

‘Pillar-assessmenť means a review by the European Commission on the systems, rules and 
procedures which participants use for managing EU grants (m particular mternal control 
systém, accountmg systém, external audits, fmancmg of third parties, rules on recovery and 
exclusion, Information on recipients and protection of personál data, see Article 154 EU 
Financial Regulation 2018/1046)

Participants with a positive pillar assessment may rely on their own systems, rules and 
procedures, m particular for

- record-keeping (Article 20) may be done m accordance with mternal standards, 
rules and procedures

currency conversion for fmancial statements (Article 21) may be done m 
accordance with usual accountmg practices

- guarantees (Article 23) for public law bodies, prefmancmg guarantees are not 
needed

- certificates (Article 24)

certificates on the fmancial statements (CFS) may be provided by their 
regular mternal or external auditors and m accordance with their mternal 
fmancial regulations and procedures

certificates on usual accountmg practices (CoMUC) are not needed if those 
practices are covered by an ex-ante assessment

and use the followmg specific rules, for

- recovenes (Article 22) m čase of fmancial support to third parties, there will be no 
recovery if the participant has done everythmg possible to retneve the undue 
amounts from the third party receívmg the support (mcludmg legal proceedmgs) 
and non-recovery is not due to an error or neghgence on its part

checks, reviews, audits and mvestigations by the EU (Article 25) will be conducted 
takmg mto accountthe rules and procedures specifically agreed between them and 
the framework agreement (if any)

- impact evaluation (Article 26) will be conducted m accordance with the participanťs 
mternal rules and procedures and the framework agreement (if any)

- grant agreement suspension (Article 31) certam costs mcurred durmg grant 
suspension are ehgible (notably, minimum costs necessary for a possible 
resumption of the action and costs relatmg to contracts which were entered mto 
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before the pre-information letter was receíved and which could not reasonably be 
suspended, reallocated ortermmated on legal grounds)

- grant agreement termmation (Article 32) the final grant amount and fmal payment 
will be calculated takmg mto account also costs relatmg to contracts due for 
execution only after termmation takes effect, if the contract was entered mto before 
the pre-information letter was receíved and could not reasonably be termmated on 
legal grounds

liability for damages (Article 33 2) the grantmg authority mušt be compensated for 
damage it sustams as a result of the implementation of the action or because the 
action was not implemented m full comphance with the Agreement only if the 
damage is due to an infnngement of the participanťs mternal rules and procedures 
or due to a violation of third parties’ nghts by the participant or one of its employees 
or indivídua! forwhom the employees are responsible

Participants whose pillar assessment covers procurement and grantmg procedures may also 
do purchases, subcontractmg and fmancial support to third parties (Article 6 2) m accordance 
with their mternal rules and procedures for purchases, subcontractmg and fmancial support

Participants whose pillar assessment covers data protection rules may rely on their mternal 
standards, rules and procedures for data protection (Article 15)

The participants may however not rely on provisions which would breach the prmciple of equal 
treatment of apphcants or beneficianes or call mto question the decision awardmg the grant, 
súch as m particular

eligibility (Article 6)

consortium roles and set-up (Articles 7-9)

secunty and ethics (Articles 13, 14)

IPR (mcludmg background and results, access nghts and nghts of use), 
commumcation, dissemmation and visibility (Articles 16 and 17)

Information obhgation (Article 19)

payment, reportmg and amendments (Articles 21,22 and 39)

rejections, reductions, suspensions and termmations (Articles 27, 28, 29-32)

If the pillar assessment was subject to remedial measures, rehance on the mternal systems, 
rules and procedures is subject to comphance with those remedial measures

Participants whose assessment has not yet been updated to cover (the new rules on) data 
protection may rely on their mternal systems, rules and procedures, provided that they ensure 
that personál data is

processed lawfully, fairly and m a transparent manner m relation to the data subject

collected for specified, exphcit and legitimate purposes and not further processed m a 
manner that is mcompatible with those purposes
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adequate, relevant and hmited to what is necessary m relation to the purposes for which 
they are processed

accurate and, where necessary, kept up to dáte

- kept m a form which permits Identification of data subjects for no longer than is 
necessary for the purposes for which the data is processed and

processed m a manner that ensures appropnate secunty of the personál data

Participants mušt mform the coordmator without delay of any changes to the systems, rules 
and procedures that were part of the pillar assessment The coordmator mušt immediately 
mform the grantmg authonty

Pillar-assessed participants that háve also concluded a framework agreement with the EU, 
may moreover — under the samé conditions as those above (i e not call mto question the 
decision awardmg the grant or breach the prmciple of equal treatment of applicants or 
beneficianes) — rely on the provisions set out m that framework agreement

SECTION 2 RULES FOR CARRYING OUT THE ACTION

ARTICLE 11 — PROPER IMPLEMENTATION OF THE ACTION

11.1 Obligation to properly implement the action

The beneficianes mušt implement the action as descnbed m Annex 1 and m compliance with 
the provisions of the Agreement, the call conditions and all legal obligations under apphcable 
EU, International and national law

11.2 Consequences of non-compliance

If a beneficiary breaches any of its obligations under this Article, the grant may be reduced 
(see Article 28)

Súch breaches may also lead to other measures descnbed m Chapter 5

ARTICLE 12 — CONFLICT OF INTERESTS

12.1 Conflict of interests

The beneficianes mušt také all measures to prevent any situation where the impartial and 
objective implementation of the Agreement could be compromised for reasons mvolvmg family, 
emotional hfe, pohtical or national affmity, econornic mterest or any other direct or mdirect 
mterest (‘conflict of interests’)

They mušt formally notify the grantmg authonty without delay of any situation constitutmg or 
hkely to lead to a conflict of interests and immediately také all the necessary steps to rectify 
this situation

The grantmg authonty may venfy that the measures taken are appropnate and may require 
additional measures to be taken by a specified deadhne

12.2 Consequences of non-compliance

If a beneficiary breaches any of its obligations under this Article, the grant may be reduced 
(see Article 28) and the grant or the beneficiary may be termmated (see Article 32)

Súch breaches may also lead to other measures descnbed m Chapter 5
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ARTICLE 13 — CONFIDENTIALITY AND SECURITY

13.1 Sensitive information

The parties mušt keep confidential any data, documents or other matenal (m any form) that is 
identified as sensitive in wntmg ('sensitive Information’) — dunng the implementation of the 
action and for at least until the time-limit set out m the Data Sheet (see Point 6)

If a beneficiary requests, the grantmg authonty may agree to keep súch Information confidential 
for a longer periód

Unless otherwise agreed between the parties, they may use sensitive Information only to 
implement the Agreement

The beneficiaries may disclose sensitive Information to their personnel or other participants 
mvolved m the action only if they

(a) need to know it m order to implement the Agreement and

(b) are bound by an obligation of confidentiality

The grantmg authonty may disclose sensitive Information to its staff and to other EU mstitutions 
and bodies

It may moreover disclose sensitive Information to third parties, if

(a) this is necessary to implement the Agreement or safeguard the EU fmancial mterests 
and

(b) the recipients of the Information are bound by an obligation of confidentiahty

The confidentiahty obhgations no longer apply if

(a) the disclosmg party agrees to release the other party

(b) the Information becomes pubhcly available, without breachmg any confidentiahty 
obligation

(c) the disclosure of the sensitive Information is required by EU, International or national 
law

Specific confidentiahty rules (if any) are set out m Annex 5

13.2 Classified information

The parties mušt handle classified Information m accordance with the apphcable EU, 
International or national law on classified Information (m particular, Decision 2015/44414 and 
its implementing rules)

14 Commission Decision 2015/444/EC, Euratom of 13 March 2015 on the secunty rules for protectmg EU 
classified Information (OJ L 72, 17 3 2015, p 53)

Dehverables which contam classified Information mušt be submitted accordmg to special 
procedures agreed with the grantmg authonty

Action tasks mvolvmg classified Information may be subcontracted only after exphcit approval 
(m wntmg) from the grantmg authonty
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Classified Information may not be disclosed to any third party (includmg participants mvolved 
m the action implementation) without prior explicit written approval from the grantmg authority

Specific security rules (if any) are set out m Annex 5

13.3 Consequences of non-compliance

If a beneficiary breaches any of its obhgations under this Article, the grant may be reduced 
(see Article 28)

Súch breaches may also lead to other measures descnbed m Chapter 5

ARTICLE 14 — ETHICS AND VALUES

14.1 Ethics

The action mušt be carned out m hne with the highest ethical standards and the applicable EU, 
International and national law on ethical pnnciples

Specific ethics rules (if any) are set out m Annex 5

14.2 Values

The beneficianes mušt commit to and ensure the respect of basíc EU values (súch as respect 
for human digmty, freedom, democracy, equahty, the rule of law and human rights, includmg 
the rights of mmorities)

Specific rules on values (if any) are set out m Annex 5

14.3 Consequences of non-compliance

If a beneficiary breaches any of its obhgations under this Article, the grant may be reduced 
(see Article 28)

Súch breaches may also lead to other measures descnbed m Chapter 5

ARTICLE 15 — DATA PROTECTION

15.1 Data Processing by the granting authority

Any personál data under the Agreement will be processed under the responsibility of the 
grantmg authority m accordance with the apphcable data protection legislation, m particular 
Regulation 2016/67915 and related national data protection acts and for the purposes set out 
m the Privacy Statement

Regulation (EU) 2016/679 of the European Parhament and of the Council of 27 Apríl 2016 on the protection of 
natural persona with regard to the processmg of personál data and on the free movement of súch data, and 
repeahng Directive 95/46/EC (‘GDPR') (OJ L 119, 4 5 2016, p 1)
Regulation (EU) 2016/679 of the European Parhament and of the Council of 27 Apríl 2016 on the protection of 
natural persons with regard to the processmg of personál data and on the free movement of súch data, and 
repeahng Directive 95/46/EC (‘GDPR’) (OJ L 119, 4 5 2016, p 1)

15.2 Data Processing by the beneficiaries

The beneficiaries mušt process personál data under the Agreement m comphance with the 
apphcable EU, International and national law on data protection (m particular, Regulation 
2016/67916)

They mušt ensure that personál data is
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- processed lawfully, fairly and m a transparent manner m relation to the data subjects

- collected for specified, exphcit and legitimate purposes and not further processed m a 
manner that is incompatible with those purposes

- adequate, relevant and limited to what is necessary m relation to the purposes for which 
they are processed

accurate and, where necessary, kept up to dáte

- kept m a form which permits Identification of data subjects for no longer than is 
necessary for the purposes for which the data is processed and

- processed m a manner that ensures appropnate secunty of the data

The beneficianes may grant their personnel access to personál data only if it is stnctly 
necessary for implementmg, managmg and monitoring the Agreement The beneficianes mušt 
ensure that the personnel is under a confidentiality obhgation

The beneficianes mušt mform the persons whose data are transferred to the grantmg authority 
and provide them with a Pnvacy Statement

15.3 Consequences of non-compliance

If a beneficiary breaches any of its obligations under this Article, the grant may be reduced 
(see Article 28)

Súch breaches may also lead to other measures described m Chapter 5

ARTICLE16— INTELLECTUAL PROPERTY RIGHTS (IPR) — BACKGROUND AND 
RESULTS — ACCESS RIGHTS AND RIGHTS OF USE

16.1 Background and access rights to background

The beneficianes mušt give each other and the other participants access to the background 
identified as needed for implementmg the action, subject to any specific rules m Annex 5

‘Background’ means any data, know-how or Information — whatever its form or náture 
(tangible or mtangible), mcludmg any rights súch as mtellectual property rights — that is

(a) held by the beneficianes before they acceded to the Agreement and

(b) needed to implement the action or exploit the results

If background is subject to rights of a third party, the beneficiary concerned mušt ensure that 
it is able to comply with its obligations under the Agreement

16.2 Ownership of results

The grantmg authonty does not obtam ownership of the results produced under the action

‘Results’ means any tangible or mtangible effect of the action, súch as data, know-how or 
Information, whatever its form or náture, whether or not it can be protected, as well as any 
rights attached to it, mcludmg mtellectual property rights
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16.3 Rights of use of the granting authority and European Commission on materials, 
documents and information received for policy, Information, communication, 
dissemination and publicity purposes

The granting authority and the European Commission háve the nght to use non-sensitive 
Information relatmg to the action and materials and documents received from the beneficianes 
(notably summanes for publication, dehverables, as well as any other matenal, súch as pictures 
or audio-visual matenal, m páper or electromc form) for policy, Information, communication, 
dissemination and publicity purposes — dunng the action or afterwards

The nght to use the beneficianes’ materials, documents and Information is granted m the form 
of a royalty-free, non-exclusive and irrevocable hcence, which mcludes the followmg rights

(a) use for their own purposes (m particular, makmg them available to persons workmg 
for them or any other Member State or EU Service (including mstitutions, bodies, 
offices, agencies, etc) or mstitution or body from another Member State, copymg or 
reproducmg them m whole or m part, m unhmited numbers, and communication through 
press Information Services)

(b) distribution to the public (m particular, publication as hard copies and m electromc or 
digital formát, pubhcation on the internet, as a downloadable or non-downloadable filé, 
broadcastmg by any channel, public display or presentation, communicating through 
press Information Services, or mclusion m widely accessible databases or mdexes)

(c) editing or redrafting (mcludmg shortenmg, summansing, msertmg other elements 
(e g meta-data, legends, other graphic, visual, audio or text elements), extractmg parts 
(e g audio or video files), dividmg mto parts, use m a compilation)

(d) translation

(e) storage m páper, electromc or other form

(f) archiving, m hne with applicable document-management rules

(g) the nght to authonse third parties to act on its behalf or sub-license to third parties the 
modes of use set out m Pomts (b), (c), (d) and (f), if needed for the Information, 
communication and publicity activity of the granting authority and

(h) Processing, analysmg, aggregatmg the materials, documents and Information 
received and producing derivative works

The rights of use are granted for the whole duration of the mdustnal or mtellectual property 
rights concerned

If materials or documents are subject to moral rights or third party rights (mcludmg mtellectual 
property rights or rights of natural persons on their image and voice), the beneficianes mušt 
ensure that they comply with their obligations under this Agreement (m particular, by obtammg 
the necessary hcences and authonsations from the rights holders concerned)

Where applicable, the [granting authority] [European Commission] will msert the followmg 
Information

“© - [year] - [name of the Copyright owner] All rights reserved Licensed to the [name 
of granting authority] [European Commission] under conditions ”

16.4 Specific rules on IPR, results and background

Specific rules regardmg mtellectual property rights, results and background (if any) are set out 
m Annex 5
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16.5 Consequences of non-compliance

If a beneficiary breaches any of its obligations under this Article, the grant may be reduced 
(see Article 28).

Súch a breach may also lead to other measures described in Chapter 5.

ARTICLE 17 — COMMUNICATION, DISSEMINATION AND VISIBILITY

17.1 Communication — Dissemination — Promoting the action

Unless otherwise agreed with the granting authority, the beneficiaries mušt promote the action 
and its results by providing targeted information to multiple audiences (including the média and 
the public), in accordance with Annex 1 and in a stratégie, coherent and effective manner.

Before engaging in a communication or dissemination activity expected to háve a major média 
impact, the beneficiaries mušt inform the granting authority.

17.2 Visibility — European flag and funding statement

Unless otherwise agreed with the granting authority, communication activities of the 
beneficiaries related to the action (including média relations, conferences, seminars, 
information materiál, súch as brochures, leaflets, posters, presentations, etc., in electronic 
form, via traditional or social média, etc.), dissemination activities and any infrastructure, 
equipment, vehicles, supplies or major result funded by the grant mušt acknowledge EU 
support and display the European flag (emblem) and funding statement (translated into local 
languages, where appropriate):

* * * * ★
★ it

★ *
* * ♦

Funded by the 
European Union

Co-funded by the 
European Union

Co-funded by the 
European Union

Funded by the 
European Union

The emblem mušt remain distinet and separáte and cannot be modified by adding other visual 
marks, brands or text.
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Apart from the emblem, no other visual identity or logo may be used to highhght the EU support

When displayed m association with other logos (e g of beneficianes or sponsors), the emblem 
mušt be displayed at least as prommently and visibly as the other logos

For the purposes of their obligations under this Article, the beneficiaries may use the emblem 
without first obtaming approval from the grantmg authority or the European Commission This 
does not, however, give them the nght to exclusive use Moreover, they may not appropriate 
the emblem or any similar trademark or logo, either by registration or by any other means

17.3 Quality of information — Disclaimer

Any communication or dissemmation activity related to the action mušt use factually accurate 
Information

Moreover, it mušt mdicate the followmg disclaimer (translated mto local languages where 
appropriate)

“Funded by the European Union Views and opimons expressed are however those of 
the author(s) only and do not necessanly reflect those of the European Union or [name 
of the grantmg authonty] Neitherthe European Union nor the grantmg authonty can be 
held responsible for them ”

17.4 Specific communication, dissemination and visibility rules

Specific communication, dissemmation and visibility rules (if any) are set out m Annex 5

17.5 Consequences of non-compliance

If a beneficiary breaches any of its obligations under this Article, the grant may be reduced 
(see Article 28)

Súch breaches may also lead to other measures descnbed m Chapter 5

ARTICLE 18 — SPECIFIC RULES FOR CARRYING OUT THE ACTION

18.1 Specific rules for carrying out the action

Specific rules for implementmg the action (if any) are set out m Annex 5

18.2 Consequences of non-compliance

If a beneficiary breaches any of its obligations under this Article, the grant may be reduced 
(see Article 28)

Súch a breach may also lead to other measures descnbed m Chapter 5

SECTION 3 GRANT ADMINISTRATION

ARTICLE 19 — GENERAL INFORMATION OBLIGATIONS

19.1 Information requests

The beneficianes mušt provide — durmg the action or afterwards and m accordance with 
Article 7 — any Information requested m order to venfy ehgibíhty of the costs or contributions 
declared, proper implementation of the action and compliance with the other obligations under 
the Agreement

The Information provided mušt be accurate, precise and complete and m the formát requested, 
mcludmg electromc formát

37



Partnership Grant Agreement 23IND11 ThermoSI v1 0

19.2 Participant data updates

The beneficianes mušt provide — at all times, durmg the action or afterwards — their 
Information up to dáte, m particular, their name, address, legal representatives, legal form and 
orgamsation type

19.3 Information about events and circumstances which impact the action

The beneficianes mušt immediately mform the coordmator, which mušt immediately mform the 
grantmg authonty (and the other beneficiaries) of any of the followmg

(a) events which are hkely to affect or delay the implementation of the action or affect the 
EU’s fmancial mterests, m particular

(i) changes m their legal, fmancial, techmcal, orgamsational or ownership 
situation (mcludmg changes linked to one of the exclusion grounds listed m 
the declaration of honour signed before grant signatúre)

(n) hnked action Information Not apphcable

(b) circumstances affectmg

(i) the decision to award the grant or

(n) comphance with requirements under the Agreement

19.4 Consequences of non-compliance

If a beneficiary breaches any of its obhgations under this Article, the grant may be reduced 
(see Article 28)

Súch breaches may also lead to other measures described m Chapter 5

ARTICLE 20 — RECORD-KEEPING

20.1 Keeping records and supporting documents

The beneficianes mušt — at least until the time-limit set out m the Data Sheet (see Point 6) — 
keep records and other supporting documents to prove the proper implementation of the action 
m hne with the accepted standards m the respective field (if any)

In addition, the beneficianes mušt — for the samé periód — keep the followmg to justify the 
amounts declared

(a) for actual costs adequate records and supporting documents to prove the costs 
declared (súch as contracts, subcontracts, mvoices and accountmg records), m 
addition, the beneficianes’ usual accountmg and mternal control procedures mušt 
enable direct reconcihation between the amounts declared, the amounts recorded m 
their accounts and the amounts stated m the supporting documents

(b) for flat-rate costs and contnbutions (if any) adequate records and supporting 
documents to prove the ehgibíhty of the costs or contnbutions to which the flat-rate is 
applied

(c) for the followmg simphfied costs and contnbutions the beneficianes do not need to 
keep specific records on the actual costs mcurred, but mušt keep

(i) for unit costs and contnbutions (if any) adequate records and supporting 
documents to prove the number of umts declared
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(n) for lump sum costs and contnbutions (if any) adequate records and supportmg 
documents to prove proper implementation of the work as described m 
Annex 1

(iii) for financmg not linked to costs (if any) adequate records and supportmg 
documents to prove the achievement of the results or the fulfilment of the 
conditions as described m Annex 1

(d) for umt, flat-rate and lump sum costs and contnbutions accordmg to usual cost 
accountmg practices (if any) the beneficiaries mušt keep any adequate records and 
supportmg documents to prove that their cost accountmg practices háve been apphed 
m a consistent manner, based on objective cntena, regardless of the source of fundmg, 
and that they comply with the ehgibility conditions set out m Articles 6 1 and 6 2

Moreover, the followmg is needed for specific budget categories

(e) for personnel costs tíme worked for the beneficiary under the action mušt be supported 
by declarations signed monthly by the person and their supervisor, unless another 
reliable time-record systém is m plače, the grantmg authonty may accept alternatíve 
evidence supportmg the tíme worked for the action declared, if it considers that it offers 
an adequate level of assurance

(f) additional record-keepmg rules Not applicable

The records and supportmg documents mušt be made available úpon request (see Article 19) 
or m the context of checks, reviews, audits or mvestigations (see Article 25)

If there are on-gomg checks, reviews, audits, mvestigations, litigation or other pursuits of claims 
under the Agreement, the beneficianes mušt keep these records and other supportmg 
documentation until the end of these procedures

The beneficianes mušt keep the originál documents Digital and digitahsed documents are 
considered ongmals if they are authonsed by the apphcable national law The grantmg authonty 
may accept non-ongmal documents if they offer a comparable level of assurance

20.2 Consequences of non-compliance

If a beneficiary breaches any of its obhgations under this Article, costs or contnbutions 
msufficiently substantiated will be meligible (see Article 6) and will be rejected (see Article 27), 
and the grant may be reduced (see Article 28)

Súch breaches may also lead to other measures described m Chapter 5

ARTICLE 21 — REPORTING

21.1 Obligation to submit reports

The coordmator mušt submit the deliverables identified m Annex 1, m accordance with the 
timmg and conditions set out m the Annex

The coordmator mušt submit to EURAMET (see Article 36) the techmcal and fmancial reports 
set out m this Article The fmancial reports mušt be drawn up usmg the forms and templates 
provided m Annex 4 and 6 These reports mclude the requests for payment The techmcal 
reports mušt be drawn up usmg the forms and templates provided by EURAMET

In addition, whenever necessary, EURAMET may request additional reports
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21.2 Periodic reporting: Technical reports and financial statements

In addition, the beneficianes mušt provide reports to request payments, in accordance with the 
schedule and modalities set out m the Data Sheet (see Point 4 2)

for additional prefinancmgs (if any) an additional prefinancing report

- for mterim payments (if any) and the fmal payment a periodic report

The prefinancing and periodic reports mclude a technical and financial part

The technical part mcludes an OverView of the action implementation It mušt be prepared 
usmg the template provided by the grantmg authonty

The financial part of the additional prefinancing report mcludes

- a statement on the use of the previous prefinancing payment (any request for additional 
pre-fmancmg payment mušt be submitted only once 70% of the previous pre-fmancmg 
payment has been used

a descnption of the method for allocatmg the amount to be paid to each beneficiary 
(see Article 22(1))

The financial part of the periodic report mcludes

the financial statements (mdividual and Consolidated, for all beneficianes/affíhated 
entities)

- the explanation on the use of resources (or detailed cost reporting table, if required)

- the certificates on the financial statements (CFS) (if required, see Article 24 2 and Data 
Sheet, Point 4 3)

The financial statements mušt detail the ehgible costs and contnbutions for each budget 
category and, for the fmal payment, also the revenues for the action (see Articles 6 and 22)

All ehgible costs and contnbutions mcurred should be declared, even if they exceed the 
amounts mdicated m the estimated budget (see Annex 2) Amounts that are not declared m 
the mdividual financial statements will not be taken mto account by the grantmg authonty

Beneficianes will háve to submit also the financial statements of their affiliated entities (if any) 
In čase of recovenes (see Article 22), beneficianes will be held responsible also for the financial 
statements of their affiliated entities

The coordmator mušt submit a periodic report withm 60 days followmg the end of each 
reporting periód

The periodic report mušt mclude the followmg

(a) a periodic technical report contammg

(i) an explanation of the activities carned out by the beneficianes and an overview 
of the progress towards the objectives of the action, mcludmg deliverables 
identified m Annex 1

This report mušt use the output and results mdicators set out m Annex 1 and 
mclude explanations justifymg the differences between the activities planned 
to be carned out and the expected outcomes m accordance with Annex 1 and 
those actually carned out or obtamed

40



Partnership Grant Agreement 23IND11 ThermoSI v1 0

(n) copies of the matenal and visuals used which háve not been already forwarded
to the grantmg authonty

(b) a periodic financial report contaming

(i) an indivídua! financial statement (see Annex 4) from each beneficiary for the 
reportmg periód concemed

The indivídua! financial statement mušt detail the ehgible costs (actual costs, 
and flat-rate costs, see Article 6) for each budget category (see Annex 2)

The beneficianes mušt declare all ehgible costs, even if — for actual costs, 
and flat-rate costs — they exceed the amounts mdicated m the estimated 
budget (see Annex 2) Amounts which are not declared m the indivídua! 
financial statement will not be taken mto account by the grantmg authonty

If an mdividual financial statement is not submitted for a reportmg periód, it 
may be mcluded m the periodic financial report for the next reportmg periód

Each beneficiary mušt certify that

the Information provided is full, reliable and true

- the costs declared are ehgible (see Article 6)

the costs can be substantiated by adequate records and supportmg 
documentation (see Article 20) that will be produced úpon request (see 
Article 19) or m the context of checks, audits and mvestigations (see 
Article 25) and

- for the last reportmg periód that all the receípts háve been declared (see 
Article 22)

(n) a periodic summary financial statement consohdatmg the mdividual financial 
statements for the reportmg periód concerned and mcludmg — except for the 
last reportmg periód — the request for interim payment

(m) a certificate on the financial statements (drawn up m accordance with 
International audit standards and supported by the audit report and m 
accordance with Annex 6) for each beneficiary, if

- the maximum Metrology Partnership contnbution mdicated, for that 
beneficiary, m the estimated budget (see Annex 2) as reimbursement of 
ehgible costs is EUR 430 000 or more

For the last reportmg periód, the coordmator mušt submit the periodic report and the fmal report 
withm 60 days followmg the end of the last reportmg periód

The final report mušt mclude the followmg

(a) a fmal technical report contammg

(i) an overview of the activities camed out and the achieved outcome of the action 
usmg, m particular, the impact mdicators set out m Annex 1

(n) a summary for pubhcation
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(b) a fmal financial report contaimng a fmal summary fmancial statement consolidatmg the 
indivídua! fmancial statements for all reporting penods and mcludmg the request for 
payment of the balance

21.3 Currency for financial statements and conversion into euros

The fmancial statements mušt be drafted m euro

Beneficiaries with generál accounts established m a currency other than the euro mušt convert 
the costs recorded m their accounts mto euro, at the average of the daily exchange rates 
published m the C šerieš of the Official Journal of the European Union (ECB website), 
calculated over the correspondmg reportmg periód

If no daily euro exchange rate is published m the Official Journal for the currency m question, 
they mušt be converted at the average of the monthly accountmg exchange rates published 
on the European Commission website (InforEuro), calculated over the correspondmg reportmg 
periód

Beneficiaries with generál accounts m euro mušt convert costs mcurred m another currency 
mto euro accordmg to their usual accountmg practices

21.4 Reporting language

The reportmg mušt be m the language of the Agreement, unless otherwise agreed with the 
grantmg authonty (see Data Sheet, Point 4 2)

21.5 Consequences of non-compliance

If a report submitted does not comply with this Article, the grantmg authonty may suspend the 
payment deadlme (see Article 29) and apply other measures descnbed m Chapter 5

If the coordmator breaches its reportmg obhgations, the grantmg authonty may termmate the 
grant or the coordmator’s participation (see Article 32) or apply other measures descnbed m 
Chapter 5

ARTICLE 22 — PAYMENTS AND RECOVERIES — CALCULATION OF AMOUNTS DUE

22.1 Payments and payment arrangements

Payments will be made m accordance with the schedule and modahties set out m the Data 
Sheet (see Point 4 2)

They will be made m euro to the bank account mdicated by each beneficiary (restnctions may 
apply to distnbution of the mitial prefmancmg payment, see Data Sheet, Point 4 2)

Payments to this bank account will discharge the grantmg authonty from its payment obligation

The cost of payment transfers will be borne as follows

the grantmg authonty bears the cost of transfers charged by its bank

- the beneficiary bears the cost of transfers charged by its bank

- the party causmg a repetition of a transfer bears all costs of the repeated transfer

Payments by the grantmg authonty will be considered to háve been carned out on the dáte 
when they are debited to its account
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The amount due as [first] pre-financing payment will be allocated to each beneficiary accordmg 
to its pro rata share of the estimated ehgible costs as defmed in the estimated budget 
breakdown mdicated m Annex 2

The amount due as [second [and third] pre-financmg payment][,]intenm payment and payment 
of the balance will be allocated to each beneficiary accordmg to the allocation method provided 
by the coordmator together with the request for payment Payments to the beneficianes 
accordmg to this method will discharge the grantmg authonty from its payment obhgation

22.2 Recoveries

Recoveries will be made, if — at beneficiary termmation, fmal payment or afterwards — it turns 
out that the grantmg authonty has paid too múch and needs to recover the amounts undue

Each beneficiary’s fmancial responsibility m čase of recovery is m prmciple limited to their own 
debt and undue amounts of their affiliated entities

In čase of enforced recoveries (see Article 22 4), affiliated entities will be held hable for 
repaymg debts of their beneficianes, if required by the grantmg authonty (see Data Sheet, 
Point 4 4)

22.3 Amounts due

22.3.1 Prefinancing payments

The aim of the prefinancing is to provide the beneficianes with a float

It remams the property of the grantmg authonty until the fmal payment

For mitial prefmancmgs (if any), the amount due, schedule and modahties are set out m the 
Data Sheet (see Point 4 2)

For additional prefinancings (if any), the amount due, schedule and modahties are also set 
out m the Data Sheet (see Point 4 2) However, if the statement on the use of the previous 
prefinancing payment shows that less than 70% was used, the amount set out m the Data 
Sheet will be reduced by the difference between the 70% threshold and the amount used

The contnbution to the Mutual Insurance Mechamsm will be retamed from the prefinancing 
payments (at the rate and m accordance with the modahties set out m the Data Sheet, see 
Point 4 2) and transferred to the Mechamsm

Prefinancing payments (or parts of them) may be offset (without the beneficianes’ consent) 
agamst amounts owed by a beneficiary to the grantmg authonty — up to the amount due to 
that beneficiary

Payments will not be made if the payment deadhne or payments are suspended (see Articles 
29 and 30)

22.3.2 Amount due at beneficiary termination — Recovery

In čase of beneficiary termmation, the grantmg authonty will determme the provisional amount 
due for the beneficiary concerned Payments (if any) will be made with the next mtenm or fmal 
payment

The amount due will be calculated m the followmg step

Step 1 — Calculation of the total accepted Metroloqy Partnership contnbution
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The grantmg authonty will first calculate the 'accepted Metrology Partnership contnbution’ for 
the beneficiary for all reportmg penods, by calculatmg the 'maximum Metrology Partnership 
contnbution to costs’ (applymg the fundmg rate to the accepted costs of the beneficiary), takmg 
mto account requests for a lower contnbution to costs and CFS threshold cappmgs (if any, see 
Article 24 5) and addmg the contnbutions (accepted umt, flat-rate or lump sum contributions 
and fmancmg not linked to costs, if any)

After that, the grantmg authonty will také mto account grant reductions (if any) The resultmg 
amount is the 'total accepted Metrology Partnership contnbution’ for the beneficiary

The balance is then calculated by deductmg the payments receíved (if any, see report on the 
distnbution of payments m Article 32), from the total accepted Metrology Partnership 
contnbution

{total accepted Metrology Partnership contnbution for the beneficiary

mínus

{prefmancmg and intenm payments receíved (if any)}}

If the balance is positive, the amount will be mcluded m the next intenm or fmal payment to 
the consortium

If the balance is negatíve, it will be recovered m accordance with the followmg procedúre

The grantmg authonty will send a pre-information letter to the beneficiary concerned

- formally notifymg the mtention to recover, the amount due, the amount to be recovered 
and the reasons why and

- requestmg observations withm 30 days of receívmg notification

If no observations are submitted (or the grantmg authonty decides to pursue recovery despite 
the observations it has receíved), it will confirm the amount to be recovered and ask this 
amount to be paid to the grantmg authonty (confirmation letter)

If payment is not made to the grantmg authonty by the dáte specified m the confirmation letter, 
the grantmg authonty may call on the Mutual Insurance Mechamsm to mtervene, if contmuation 
of the action is guaranteed and the conditions set out m the rules governmg the Mechamsm 
are met

In this čase, it will send a beneficiary recovery letter, together with a debit note with the 
terms and dáte for payment

The debit note for the beneficiary will mclude the amount calculated for the affiliated entities 
which also had to end their participation (if any)

If payment is not made by the dáte specified m the debit note, the grantmg authonty will 
enforce recovery m accordance with Article 22 4

The amounts will later on also be taken mto account for the next intenm or fmal payment

22.3.3 Interim payments

Intenm payments reimburse the ehgible costs and contnbutions claimed forthe implementation 
of the action durmg the reportmg penods (if any)

Intenm payments (if any) will be made m accordance with the schedule and modahties set out 
the Data Sheet (see Point 4 2)

44



Partnership Grant Agreement 23IND11 ThermoSI v1 0

Payment is subject to the approval of the penodíc report Its approval does not imply 
recogmtion of comphance, authenticity, completeness or correctness of its content

The interim payment will be calculated by the granting authonty in the following steps

Step 1 — Calculation of the total accepted Metrology Partnership contnbution

Step 2 — Limit to the interim payment ceilmg

Step 1 — Calculation of the total accepted Metrology Partnership contnbution

The grantmg authonty will calculate the ‘accepted Metrology Partnership contnbution’ for the 
action for the reporting penod, by first calculating the ‘maximum Metrology Partnership 
contnbution to costs’ (applymg the fundmg rate to the accepted costs of each beneficiary), 
takmg mto account requests for a lower contnbution to costs, and CFS threshold cappmgs (if 
any, see Article 24 5) and addmg the contnbutions (accepted umt, flat-rate or lump sum 
contnbutions and fmancmg not linked to costs, if any)

After that, the grantmg authonty will také mto account grant reductions from beneficiary 
termmation (if any) The resultmg amount is the 'total accepted Metrology Partnership 
contnbution’

Step 2 — Limit to the interim payment ceilmg

The resultmg amount is then capped to ensure that the total amount of prefmancmg and interim 
payments (if any) does not exceed the interim payment ceilmg set out m the Data Sheet (see 
Point 4 2)

Interim payments (or parts of them) may be offset (without the beneficianes’ consent) agamst 
amounts owed by a beneficiary to the grantmg authonty — up to the amount due to that 
beneficiary

Payments will not be made if the payment deadhne or payments are suspended (see Articles 
29 and 30)

22.3.4 Final payment — Final grant amount — Revenues and Profit — Recovery

The final payment (payment of the balance) reimburses the remammg part of the eligible costs 
and contnbutions claimed for the implementation ofthe action (if any)

The final payment will be made m accordance with the schedule and modahties set out m the 
Data Sheet (see Point 4 2)

Payment is subject to the approval of the final penodíc report Its approval does not imply 
recogmtion of comphance, authenticity, completeness or correctness of its content

The final grant amount for the action will be calculated m the followmg steps

Step 1 — Calculation of the total accepted Metrology Partnership contnbution

Step 2 — Limit to the maximum grant amount

Step 3 — Reduction due to the no-profit rule

Step 1 — Calculation ofthe total accepted Metrology Partnership contnbution

The grantmg authonty will first calculate the 'accepted Metrology Partnership contnbution’ for 
the action for all reportmg penods, by calculatmg the ‘maximum Metrology Partnership 
contnbution to costs’ (applymg the fundmg rate to the total accepted costs of each beneficiary), 
takmg mto account requests for a lower contnbution to costs, CFS threshold cappmgs (if any, 
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see Article 24 5) and addmg the contributions (accepted umt, flat-rate or lump sum 
contributions and financmg not hnked to costs, if any)

After that, the grantmg authonty will také mto account grant reductions (if any) The resultmg 
amount is the ‘total accepted Metrology Partnership contnbution’

Step 2 — Limit to the maximum grant amount

If the resultmg amount is higher than the maximum grant amount set out m Article 5 2, it will 
be hmited to the latter

Step 3 — Reduction due to the no-profit rule

If the no-profit rule is provided for m the Data Sheet (see Point 4 2), the grant mušt not produce 
a profit (i e surplus of the amount obtamed followmg Step 2 plus the action’s revenues, over 
the ehgible costs and contributions approved by the grantmg authonty)

‘Revenue’ is all mcome generated by the action, durmg its duration (see Article 4), for 
beneficiaries that are profit legal entities

If there is a profit, it will be deducted m proportion to the fmal rate of reimbursement of the 
ehgible costs approved by the grantmg authonty (as compared to the amount calculated 
followmg Steps 1 and 2 mínus the contnbutions)

The balance (fmal payment) is then calculated by deductmg the total amount of prefmancmg 
and mterim payments already made (if any), from the fmal grant amount

{fmal grant amount

mínus

{prefmancmg and mterim payments made (if any)}}

If the balance is positive, it will be paid to the beneficianes

The amount retamed for the Mutual Insurance Mechamsm (see above) will be released and 
paid to the beneficianes (m accordance with the rules governmg the Mechamsm)

The fmal payment (or part of it) may be offset (without the beneficianes’ consent) agamst 
amounts owed by a beneficiary to the grantmg authonty — up to the amount due to that 
beneficiary

Payments will not be made if the payment deadhne or payments are suspended (see Articles 
29 and 30)

If— despite the release of the Mutual Insurance Mechamsm contnbution — the balance is 
negatíve, it will be recovered m accordance with the followmg procedúre

The grantmg authonty will send a pre-information letter to the coordmator

formally notifymg the mtention to recover, the fmal grant amount, the amount to be 
recovered and the reasons why

mvite the coordmator to submit observations on behalf of all beneficianes withm 30 
days of receívmg notification

If no observations are submitted (or the grantmg authonty decides to pursue recovery despite 
the observations it has receíved) it will calculate the share of the debt per beneficiary, by

(a) identifymg the beneficianes for which the amount calculated as follows is negatíve

46



Partnership Grant Agreement 23IND11 ThermoSI v1 0

{{{total accepted Metrology Partnership contnbution for the beneficiary

divided by

total accepted Metrology Partnership contnbution for the action}

multiphed by

fmal grant amount for the action},

mínus

{prefmancmg and mterim payments receíved by the beneficiary (if any)}}

and

(b) dividmg the debt

{{amount calculated accordmg to point (a) for the beneficiary concerned

divided by

the sum of the amounts calculated accordmg to point (a) for all the beneficianes 
identified accordmg to point (a)}

multiphed by

the amount to be recovered}

and confirm the amount to be recovered from each beneficiary concerned (confirmation 
letter), together with debit notes with the terms and dáte for payment

The debit notes for beneficianes will mclude the amounts calculated for their affiliated entities 
(if any)

If payment is not made by the dáte specified m the debit note, the grantmg authonty will 
enforce recovery m accordance with Article 22 4

22.3.5 Audit implementation after final payment — Revised final grant amount — 
Recovery

If — after the fmal payment (m particular, after checks, reviews, audits or mvestigations, see 
Article 25) — the grantmg authonty rejects costs or contnbutions (see Article 27) or reduces 
the grant (see Article 28), it will calculate the revised final grant amount for the beneficiary 
concerned

The beneficiary revised final grant amount will be calculated m the followmg step

Step 1 — Calculation of the revised total accepted Metrology Partnership contnbution

The grantmg authonty will first calculate the 'revised accepted Metrology Partnership 
contnbution’ for the beneficiary, by calculatmg the 'revised accepted costs' and ‘revised 
accepted contnbutions’

After that, it will také mto account grant reductions (if any) The resultmg ‘revised total accepted 
Metrology Partnership contnbution’ is the beneficiary revised fmal grant amount

If the revised fmal grant amount is lower than the beneficiary’s fmal grant amount (i e its share 
m the fmal grant amount for the action), it will be recovered m accordance with the followmg 
procedúre
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The beneficiary final grant amount (i e share m the fmal grant amount for the action) is 
calculated as follows

{{{total accepted Metrology Partnership contnbution for the beneficiary

divided by

total accepted Metrology Partnership contnbution for the action}

multiphed by

fmal grant amount for the action}

The grantmg authonty will send a pre-information letter to the beneficiary concerned

formally notifymg the mtention to recover, the amount to be recovered and the reasons 
why and

requestmg observations withm 30 days of receívmg notification

If no observations are submitted (or the grantmg authonty decides to pursue recovery despite 
the observations it has receíved), it will confirm the amount to be recovered (confirmation 
letter), together with a debit note with the terms and the dáte for payment

Recovenes agamst affiliated entities (if any) will be handled through their beneficianes

If payment is not made by the dáte specified m the debit note, the grantmg authonty will 
enforce recovery m accordance with Article 22 4

22.4 Enforced recovery

If payment is not made by the dáte specified m the debit note, the amount due will be 
recovered

(a) by offsettmg the amount — without the coordmator or beneficiary’s consent — agamst 
any amounts owed to the coordmator or beneficiary by the grantmg authonty

In exceptional circumstances, to safeguard the EU fmancial mterests, the amount may 
be offset before the payment dáte specified m the debit note

(b) fmancial guarantee(s) Not apphcable

(c) jomt and several liability of beneficianes Not apphcable

(d) by holding affiliated entities jomtly and severally hable (if any, see Data Sheet, Point 
4 4) or

(e) by takmg legal action (see Article 43)

If the Mutual Insurance Mechamsm was called on by the grantmg authonty to mtervene, 
recovery will be contmued m the name of the Mutual Insurance Mechanism If two debit notes 
were sent, the second one (m the name of the Mutual Insurance Mechamsm) will be considered 
to replace the first one (m the name of the grantmg authonty) Where the MIM mtervened, 
offsettmg, enforceable decisions or any other of the above-mentioned forms of enforced 
recovery may be used mutatis mutandis

The amount to be recovered will be mcreased by late-payment interest at the rate set out m 
Article 22 5, from the day followmg the payment dáte m the debit note, up to and mcludmg the 
dáte the full payment is receíved
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Partial payments will be first credited agamst expenses, charges and late-payment mterest and 
then agamst the principál

Bank charges mcurred m the recovery process will be borne by the beneficiary, unless 
Directive 2015/236617 applies

Directive (EU) 2015/2366 of the European Parliament and of the Council of 25 November 2015 on payment 
Services m the mternal market, amending Directives 2002/65/EC, 2009/110/EC and 2013/36/EU and 
Regulation (EU) No 1093/2010, and repeahng Directive 2007/64/EC (OJ L 337, 23 12 2015, p 35)

22.5 Consequences of non-compliance

22.5.1 If the grantmg authonty does not pay withm the payment deadhnes (see above), the 
beneficianes are entitled to late-payment interest at the reference rate apphed by the 
European Central Bank (ECB) for its mam refmancmg operations m euros, plus the percentage 
specified m the Data Sheet (Point 4 2) The ECB reference rate to be used is the rate m force 
on the first day of the month m which the payment deadhne expires, as pubhshed m the C 
senes of the Off/cial Journal ofthe European Union

If the late-payment mterest is lower than or equal to EUR 200, it will be paid to the beneficianes 
only on request submitted withm two months of receívmg the late payment

If payments or the payment deadlme are suspended (see Articles 29 and 30), payment will not 
be considered as late

Late-payment mterest covers the periód runnmg from the day followmg the due dáte for 
payment (see above), up to and mcludmg the dáte of payment

Late-payment mterest is not considered for the purposes of calculatmg the fmal grant amount

22.5.2 If a beneficiary breaches any of its obhgations under this Article, the grant may be 
reduced (see Article 29) and the grant or the beneficiary may be termmated (see Article 32)

Súch breaches may also lead to other measures descnbed m Chapter 5

ARTICLE 23 — GUARANTEES

Not applicable

ARTICLE 24 — CERTIFICATES

24.1 Operational verification report (OVR)

Not applicable

24.2 Certificate on the financial statements (CFS)

If required by the grantmg authonty (see Data Sheet, Point 4 3), the beneficianes mušt provide 
certificates on their financial statements (CFS), m accordance with the schedule, threshold and 
conditions set out m the Data Sheet

The coordmator mušt submit them as part of the penodíc report (see Article 21)

The certificates mušt be drawn up usmg the template pubhshed on the Portál, cover the costs 
declared on the basis of actual costs and costs accordmg to usual cost accountmg practices 
(if any), and fulfil the followmg conditions
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(a) be provided by a quahfied approved external audítor which is mdependent and 
complies with Directive 2006/43/EC (orfor pubhc bodies by a competent mdependent 
pubhc officer)

(b) the venfication mušt be camed out accordmg to the highest professional standards to 
ensure that the fmancial statements comply with the provisions under the Agreement 
and that the costs declared are ehgible

The certificates will not affect the grantmg authonty's nght to carry out its own checks, reviews 
or audits, nor preclude the European Court of Auditors (EGA), the European Public 
Prosecutor’s Office (EPPO) or the European Anti-Fraud Office (OLAF) from usmg their 
prerogatives for audits and mvestigations under the Agreement (see Article 25)

If the costs (or a part of them) were already audited by the grantmg authonty, these costs do 
not need to be covered by the certificate and will not be counted for calculatmg the threshold 
(if any)

24.3 Certificate on the compliance of usual cost accounting practices (CoMUC)

Not applicable

24.4 Systems and process audit (SPA)

Beneficianes which

- use umt, fiat rate or lump sum costs or contributions accordmg to documented (i e 
formally approved and m wntmg) usual costs accounting practices (if any) or

háve formahsed documentation on the systems and processes for calculatmg their 
costs and contnbutions (i e formally approved and m wntmg), háve participated m at 
least 150 actions under Honzon 2020 or the Euratom Research and Trammg 
Programme (2014-2018 or 2019-2020) and participate m at least 3 ongomg actions 
under Honzon Európe or the Euratom Research and Trammg Programme (2021-2025 
or 2026-2027)

may apply to the grantmg authonty for a systems and process audit (SPA)

This audit will be camed out as follows

Step 1 — Application by the beneficiary

Step 2 — If the apphcation is accepted, the grantmg authonty will carry out the systems and 
process audit, complemented by an audit of transactions (on a sample of the 
beneficiary’s Honzon Európe or Euratom Research and Trammg Programme 
fmancial statements)

Step 3 — The audit result will také the form of a risk assessment classification for the 
beneficiary low, médium or high

Low-nsk beneficianes will benefit from less (or less m-depth) ex-post audits (see Article 25) 
and a higher threshold for submittmg certificates on the fmancial statements (CFS, see Articles 
21 and 24 2 and Data Sheet, Point 4 3)

24.5 Consequences of non-compliance

If a beneficiary does not submit a certificate on the fmancial statements (CFS) or the certificate 
is rejected, the accepted Metrology Partnership contnbution to costs will be capped to reflect 
the CFS threshold
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If a beneficiary breaches any of its other obhgations under this Article, the grantmg authonty 
may apply the measures descnbed in Chapter 5

ARTICLE 25 — CHECKS, REVIEWS, AUDITS AND INVESTIGATIONS — EXTENSION OF 
FINDINGS

25.1 Granting authority checks, reviews and audits

25.1.1 Internal checks

The grantmg authonty may — dunng the action or afterwards — check the proper 
implementation of the action and comphance with the obhgations under the Agreement, 
includmg assessmg costs and contnbutions, deliverables and reports

25.1.2 Project reviews

The grantmg authonty may carry out reviews on the proper implementation of the action and 
comphance with the obhgations under the Agreement (generál project reviews or specific 
issues reviews)

Súch project reviews may be started dunng the implementation of the action and until the time- 
hmit set out m the Data Sheet (see Point 6) They will be formally notified to the coordmator or 
beneficiary concerned and will be considered to štart on the dáte of the notification

If needed, the grantmg authonty may be assisted by mdependent, outside experts If it uses 
outside experts, the coordmator or beneficiary concerned will be mformed and háve the nght 
to object on grounds of commercial confidentiahty or confhct of mterest

The coordmator or beneficiary concerned mušt cooperate dihgently and provide — withm the 
deadhne requested — any Information and data m addition to dehverables and reports already 
submitted (includmg Information on the use of resources) The grantmg authonty may request 
beneficianes to provide súch Information to it directly Sensitive Information and documents 
will be treated m accordance with Article 13

The coordmator or beneficiary concerned may be requested to participate m meetmgs, 
includmg with the outside experts

For on-the-spot visits, the beneficiary concerned mušt allow access to sites and premises 
(includmg to the outside experts) and mušt ensure that Information requested is readily 
available

Information provided mušt be accurate, precise and complete and m the formát requested, 
includmg electromc formát

On the basis of the review fmdmgs, a project review report will be drawn up

The grantmg authonty will formally notify the project review report to the coordmator or 
beneficiary concerned, which has 30 days from receívmg notification to make observations

Project reviews (includmg project review reports) will be m the language of the Agreement

25.1.3 Audits

The grantmg authonty may carry out audits on the proper implementation of the action and 
comphance with the obhgations under the Agreement

Súch audits may be started dunng the implementation of the action and until the time-hmit set 
out m the Data Sheet (see Point 6) They will be formally notified to the beneficiary concerned 
and will be considered to štart on the dáte of the notification
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The granting authonty may use its own audit Service, delegate audits to a centrahsed Service 
or use external audit firms If it uses an external firm, the beneficiary concerned will be informed 
and háve the nght to object on grounds of commercial confidentiahty or confhct of mterest

The beneficiary concerned mušt cooperate dihgently and provide — withm the deadhne 
requested — any Information (including complete accounts, mdividual salary statements or 
other personál data) to venfy compliance with the Agreement Sensitive Information and 
documents will be treated m accordance with Article 13

For on-the-spot visits, the beneficiary concerned mušt allow access to sites and premises 
(mcludmg for the external audit firm) and mušt ensure that Information requested is readily 
available

Information provided mušt be accurate, precise and complete and in the formát requested, 
mcludmg electromc formát

On the basis of the audit fmdmgs, a draft audit report will be drawn up

The auditors will formally notify the draft audit report to the beneficiary concerned, which has 
30 days from receívmg notification to make observations (contradictory audit procedúre)

The final audit report will také mto account observations by the beneficiary concerned and 
will be formally notified to them

Audits (mcludmg audit reports) will be m the language of the Agreement

25.2 European Commission checks, reviews and audits in grants of other granting 
authorities

The European Commission has the samé nghts of checks, reviews and audits as the granting 
authonty

25.3 Access to records for assessing simplified forms of funding

The beneficianes mušt give the European Commission access to their statutory records for the 
penodíc assessment of simplified forms of funding which are used m EU programmes

25.4 OLAF, EPPO and EGA audits and investigations

The followmg bodies may also carry out checks, reviews, audits and investigations — durmg 
the action or afterwards

the European Anti-Fraud Office (OLAF) under Regulations No 883/201318 and No 
2185/9619

18 Regulation (EU, Euratom) No 883/2013 of the European Parhament and of the Council of 11 September 2013 
concernmg investigations conducted by the European Anti-Fraud Office (OLAF) and repealmg Regulation (EC) 
No 1073/1999 of the European Parhament and of the Council and Council Regulation (Euratom) No 1074/1999 
(OJ L 248, 18/09/2013, p 1)

19 Council Regulation (Euratom, EC) No 2185/1996 of 11 November 1996 concernmg on-the-spot checks and 
mspections carned out by the Commission m order to protect the European Communities' fmancial mterests 
agamst fraud and other irregulanties (OJ L 292, 15/11/1996, p 2)

- the European Public Prosecutor’s Office (EPPO) under Regulation 2017/1939

the European Court of Auditors (EGA) under Article 287 of the Treaty on the Functionmg 
of the EU (TFEU) and Article 257 of EU Financial Regulation 2018/1046
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If requested by these bodies, the beneficiary concerned mušt provide full, accurate and 
complete Information m the formát requested (including complete accounts, mdividual salary 
statements or other personál data, includmg m electromc formát) and allow access to sites and 
premises for on-the-spot visits or mspections — as provided for under these Regulations

To this end, the beneficiary concerned mušt keep all relevant Information relatmg to the action, 
at least until the time-hmit set out m the Data Sheet (Point 6) and, m any čase, until any ongomg 
checks, reviews, audits, mvestigations, htigation or other pursuits of claims háve been 
concluded

25.5 Consequences of checks, reviews, audits and investigations — Extension of 
findings

25.5.1 Consequences of checks, reviews, audits and investigations in this grant

Findings m checks, reviews, audits or investigations carned out m the context of this grant may 
lead to rejections (see Article 27), grant reduction (see Article 28) or other measures descnbed 
m Chapter 5

Rejections or grant reductions after the fmal payment will lead to a revised fmal grant amount 
(see Article 22)

Findings m checks, reviews, audits or investigations dunng the action implementation may lead 
to a request for amendment (see Article 39), to change the descnption of the action set out m 
Annex 1

Moreover, findings ansmg from an OLAF or EPPO mvestigation may lead to cnminal 
prosecution under national law

25.5.2 Extension from other grants

Not applicable

25.6 Consequences of non-compliance

If a beneficiary breaches any of its obhgations under this Article, costs or contnbutions 
msufficiently substantiated will be mehgible (see Article 6) and will be rejected (see Article 27), 
and the grant may be reduced (see Article 28)

Súch breaches may also lead to other measures descnbed m Chapter 5

ARTICLE 26 — IMPACT EVALUATIONS

26.1 Impact evaluation

The grantmg authonty or the European Commission may carry out impact evaluations of the 
action, measured agamstthe objectives and mdicators of the Metrology Partnership

Súch evaluations may be started dunng implementation of the action and until the time-hmit 
set out m the Data Sheet (see Point 6) They will be formally notified to the coordmator or 
beneficianes and will be considered to štart on the dáte of the notification

If needed, the grantmg authonty or the European Commission may be assisted by mdependent 
outside experts

The coordmator or beneficianes mušt provide any Information relevant to evaluate the impact 
of the action, includmg Information m electromc formát
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26.2 Consequences of non-compliance

If a beneficiary breaches any of its obhgations under this Article, the grantmg authonty may 
apply the measures descnbed m Chapter 5

CHAPTER 5 CONSEQUENCES OF NON-COMPLIANCE

SECTION 1 REJECTIONS AND GRANT REDUCTION

ARTICLE 27 — REJECTION OF COSTS AND CONTRIBUTIONS

27.1 Conditions

The grantmg authonty will — at beneficiary termmation intenm payment, fmal payment or 
afterwards — reject any costs or contnbutions which are meligible (see Article 6), m particular 
followmg checks, reviews, audits or investigations (see Article 25)

The rejection may also be based on the extension of fmdmgs from other grants to this grant 
(see Article 25)

Ineligible costs or contnbutions will be rejected

27.2 Procedúre

If the rejection does not lead to a recovery, the grantmg authonty will formally notify the 
coordmator or beneficiary concerned of the rejection, the amounts and the reasons why The 
coordmator or beneficiary concerned may — withm 30 days of receívmg notification — submit 
observations if it disagrees with the rejection (payment review procedúre)

If the rejection leads to a recovery, the grantmg authonty will follow the contradictory procedúre 
with pre-mformation letter set out m Article 22

27.3 Effects

If the grantmg authonty rejects costs or contnbutions, it will deduct them from the costs or 
contnbutions declared and then calculate the amount due (and, if needed, make a recovery, 
see Article 22)

ARTICLE 28 — GRANT REDUCTION

28.1 Conditions

The grantmg authonty may — at beneficiary termmation, fmal payment or afterwards — reduce 
the grant for a beneficiary, if

(a) the beneficiary (or a person havmg powers of representation, decision-makmg or 
control, or person essential for the award/implementation of the grant) has committed

(i) substantial errors, irregulanties orfraud or

(n) senous breach of obhgations under this Agreement or durmg its award 
(mcludmg improper implementation of the action, non-compliance with the call 
conditions, submission of false Information, failure to provide required 
Information, breach of ethics or secunty rules (if apphcable), etc ), or

(b) extension of fmdmgs Not apphcable

The amount of the reduction will be calculated for each beneficiary concerned and 
proportionate to the senousness and the duration ofthe errors, irregulanties orfraud or breach 
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of obhgations, by applymg an mdividual reduction rate to their accepted Metrology Partnership 
contnbution

28.2 Procedúre

If the grant reduction does not lead to a recovery, the grantmg authonty will formally notify the 
coordmator or beneficiary concerned of the reduction, the amount to be reduced and the 
reasons why The coordmator or beneficiary concerned may — withm 30 days of receíving 
notification — submit observations if it disagrees with the reduction (payment review 
procedúre)

If the grant reduction leads to a recovery, the grantmg authonty will follow the contradictory 
procedúre with pre-mformation letter set out m Article 22

28.3 Effects

If the grantmg authonty reduces the grant, it will deduct the reduction and then calculate the 
amount due (and, if needed, make a recovery, see Article 22)

SECTION 2 SUSPENSION AND TERMINATION

ARTICLE 29 — PAYMENT DEADLINE SUSPENSION

29.1 Conditions

The grantmg authonty may — at any moment — suspend the payment deadlme if a payment 
cannot be processed because

(a) the required report (see Article 21) has not been submitted or is not complete or 
additional Information is needed

(b) there are doubts about the amount to be paid (e g quenes about ehgibíhty, need for a 
grant reduction, etc) and additional checks, reviews, audits or mvestigations are 
necessary, or

(c) there are other issues affectmg the EU fmancial mterests

29.2 Procedúre

The grantmg authonty will formally notify the coordmator of the suspension and the reasons 
why

The suspension will také effect the day the notification is sent

If the conditions for suspendmg the payment deadlme are no longer met, the suspension will 
be lifted — and the remammg tíme to pay (see Data Sheet, Point 4 2) will resume

If the suspension exceeds two months, the coordmator may request the grantmg authonty to 
confirm if the suspension will contmue

If the payment deadlme has been suspended due to the non-compliance of the report and the 
revised report is not submitted (or was submitted but is also rejected), the grantmg authonty 
may also termmate the grant or the participation of the coordmator (see Article 32)

ARTICLE 30 — PAYMENT SUSPENSION

30.1 Conditions

The grantmg authonty may — at any moment — suspend payments, m whole or m part for one 
or more beneficianes, if
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(a) a beneficiary (or a person havmg powers of representation, decision-makmg or control, 
or person essential for the award/implementation of the grant) has committed or is 
suspected of havmg committed

(i) substantial errors, irregularities or fraud or

(n) senous breach of obligations under this Agreement or dunng its award 
(includmg improper implementation of the action, non-comphance with the call 
conditions, submission of false Information, failure to provide required 
Information, breach of ethics or security rules (if apphcable), etc), or

(b) extension of fmdmgs Not apphcable

If payments are suspended for one or more beneficianes, the grantmg authonty will make 
partial payment(s) for the part(s) not suspended If suspension concerns the fmal payment, the 
payment (or recovery) of the remaming amount after suspension is hfted will be considered to 
be the payment that closes the action

30.2 Procedúre

Before suspendmg payments, the grantmg authonty will send a pre-information letter to the 
beneficiary concerned

- formally notifymg the mtention to suspend payments and the reasons why and 

requestmg observations withm 30 days of receívmg notification

If the grantmg authonty does not receíve observations or decides to pursue the procedúre 
despite the observations it has receíved, it will confirm the suspension (confirmation letter) 
Otherwise, it will formally notify that the procedúre is discontmued

At the end of the suspension procedúre, the grantmg authonty will also mform the coordmator

The suspension will také effect the day after the confirmation notification is sent

If the conditions for resummg payments are met, the suspension will be lifted The grantmg 
authonty will formally notify the beneficiary concerned (and the coordmator) and set the 
suspension end dáte

Dunng the suspension, no prefmancmg will be paid to the beneficianes concerned For mtenm 
payments, the penodíc reports forall reportmg penods exceptthe last one (see Article 21) mušt 
not contam any fmancial statements from the beneficiary concerned (or its affíhated entities) 
The coordmator mušt mclude them m the next penodíc report after the suspension is lifted or 
— if suspension is not lifted before the end of the action — m the last penodíc report

ARTICLE 31 — GRANT AGREEMENT SUSPENSION

31.1 Beneficiaries-requested Grant Agreement suspension

31.1.1 Conditions and procedúre

The beneficianes may request the suspension of the grant or any part of it, if exceptional 
circumstances — m particular force majeure (see Article 35) — make implementation 
impossible or excessively difficult

The coordmator mušt submit a request for amendment (see Article 39), with

- the reasons why
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the dáte the suspension takes effect, this dáte may be before the dáte of the submission 
of the amendment request and

the expected dáte of resumption

The suspension will také effect on the day specified m the amendment

Once circumstances allow for implementation to resume, the coordmator mušt immediately 
request another amendment of the Agreement to set the suspension end dáte, the resumption 
dáte (one day after suspension end dáte), extend the duration and make other changes 
necessary to adapt the action to the new situation (see Article 39) — unless the grant has been 
termmated (see Article 32) The suspension will be lifted with effect from the suspension end 
dáte set out in the amendment This dáte may be before the dáte of the submission of the 
amendment request

Dunng the suspension, no prefinancing will be paid Costs mcurred or contnbutions for 
activities implemented dunng grant suspension are not eligible (see Article 6 3)

31.2 Granting authority-initiated Grant Agreement suspension

31.2.1 Conditions

The granting authonty may suspend the grant or any part of it, if

(a) a beneficiary (or a person havmg powers of representation, decision-making or control, 
or person essential for the award/implementation of the grant) has committed or is 
suspected of havmg committed

(i) substantial errors, irregulanties orfraud or

(n) senous breach of obhgations under this Agreement or dunng its award 
(including improper implementation of the action, non-comphance with the call 
conditions, submission of false Information, failure to provide required 
Information, breach of ethics or secunty rules (if apphcable), etc), or

(b) extension of fmdmgs Not apphcable

(c) other

(i) linked action issues Not apphcable

(n) additional GA suspension grounds

- the action has lost its scientific or technological relevance

- for Honzon Európe Missions the action has lost its relevance as part of 
the Portfoho for which it has been mitially selected

31.2.2 Procedúre

Before suspendmg the grant, the granting authonty will send a pre-information letter to the 
coordmator

formally notifymg the mtention to suspend the grant and the reasons why and

- requestmg observations withm 30 days of receívmg notification

If the granting authonty does not receíve observations or decides to pursue the procedúre 
despite the observations it has receíved, it will confirm the suspension (confirmation letter) 
Otherwise, it will formally notify that the procedúre is discontmued
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The suspension will také effect the day after the confirmation notification is sent (or on a later 
dáte specified in the notification)

Once the conditions for resummg implementation of the action are met, the grantmg authonty 
will formally notify the coordmator a lifting of suspension letter, m which it will set the 
suspension end dáte and invite the coordmator to request an amendment of the Agreement to 
set the resumption dáte (one day after suspension end dáte), extend the duration and make 
other changes necessary to adapt the action to the new situation (see Article 39) — unless the 
grant has been termmated (see Article 32) The suspension will be lifted with effect from the 
suspension end dáte set out m the lifting of suspension letter This dáte may be before the 
dáte on which the letter is sent

Dunng the suspension, no prefmancmg will be paid Costs mcurred or contnbutions for 
activities implemented dunng suspension are not ehgible (see Article 6 3)

The beneficianes may not claim damages due to suspension by the grantmg authonty (see 
Article 33)

Grant suspension does not affect the grantmg authonty’s nght to termmate the grant or a 
beneficiary (see Article 32) or reduce the grant (see Article 28)

ARTICLE 32 — GRANT AGREEMENT OR BENEFICIARY TERMINATION

32.1 Beneficiary-requested Grant Agreement termination

32.1.1 Conditions and procedúre

The beneficianes may request the termination of the grant

The coordmator mušt submit a request for amendment (see Article 39), with

the reasons why

the dáte the consortium ends work on the action (‘end of work dáte’) and

the dáte the termination takes effect ('termination dáte’), this dáte mušt be after the 
dáte of the submission of the amendment request

The termination will také effect on the termination dáte specified m the amendment

If no reasons are given or if the grantmg authonty considers the reasons do not justify 
termination, it may consider the grant termmated improperly

32.1.2 Effects

The coordmator mušt — withm 60 days from when termination takes effect — submit a 
periodic report (for the open reportmg periód until termination)

The grantmg authonty will calculate the fmal grant amount and fmal payment on the basis of 
the report submitted and takmg mto account the costs mcurred and contnbutions for activities 
implemented before the end of work dáte (see Article 22) Costs relatmg to contracts due for 
execution only after the end of work are not ehgible

If the grantmg authonty does not receíve the report withm the deadhne, only costs and 
contnbutions which are mcluded m an approved periodic report will be taken mto account (no 
costs/contnbutions if no periodic report was ever approved)

Improper termination may lead to a grant reduction (see Article 28)
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After termination, the beneficianes’ obligations (m particular Articles 13 (confidentiahty and 
security), 16 (IPR), 17 (commumcation, dissemination and visibility), 21 (reporting), 25 (checks, 
reviews, audits and investigations), 26 (impact evaluation), 27 (rejections), 28 (grant reduction) 
and 42 (assignment of claims)) contmue to apply

32.2 Beneficiary-requested beneficiary termination

32.2.1 Conditions and procedúre

The coordmator may request the termination of the participation of one or more beneficianes, 
on request of the beneficiary concemed or on behalf of the other beneficianes

The coordmator mušt submit a request for amendment (see Article 39), with

the reasons why

the opimon of the beneficiary concemed (or proof that this opimon has been requested 
m wnting)

the dáte the beneficiary ends work on the action ('end of work dáte’)

- the dáte the termination takes effect ('termination dáte’), this dáte mušt be after the 
dáte of the submission of the amendment request

If the termination concerns the coordmator and is done without its agreement, the amendment 
request mušt be submitted by another beneficiary (actmg on behalf of the consortium)

The termination will také effect on the termination dáte specified m the amendment

If no Information is given or if the grantmg authonty considers that the reasons do not justify 
termination, it may consider the beneficiary to háve been termmated improperly

32.2.2 Effects

The coordmator mušt — withm 60 days from when termination takes effect — submit

(i) a termination report from the beneficiary concemed, for the open reportmg 
periód until termination, contammg an overview of the progress of the work, 
the fmancial statement, the explanation on the use of resources, and, if 
apphcable, the certificate on the fmancial statement (CFS, see Articles 21 and 
24 2 and Data Sheet, Point 4 3)

(n) a second request for amendment (see Article 39) with other amendments 
needed (e g reallocation of the tasks and the estimated budget of the 
termmated beneficiary, addition of a new beneficiary to replace the termmated 
beneficiary, change of coordmator, etc)

The grantmg authonty will calculate the amount due to the beneficiary on the basis of the report 
submitted and takmg mto account the costs mcurred and contributions for activities 
implemented before the end of work dáte (see Article 22) Costs relatmg to contracts due for 
execution only after the end of work are not ehgible

The Information m the termination report mušt also be mcluded m the penodíc report for the 
next reportmg periód (see Article 21)

If the grantmg authonty does not receíve the termination report withm the deadhne, only costs 
and contnbutions which are mcluded m an approved penodíc report will be taken mto account 
(no costs/contnbutions if no penodíc report was ever approved)
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If the second request for amendment is accepted by the grantmg authonty, the Agreement is 
amended to mtroduce the necessary changes (see Article 39)

If the second request for amendment is rejected by the grantmg authonty (because it calls mto 
quesbon the decision awarding the grant or breaches the pnnciple of equal treatment of 
apphcants), the grant may be termmated (see Article 32)

Improper termmation may lead to a reduction of the grant (see Article 31) or grant termmation 
(see Article 32)

After termmation, the concerned beneficiary’s obhgations (m particular Articles 13 
(confidentiahty and secunty), 16 (IPR), 17 (commumcation, dissemmation and visibility), 21 
(reportmg), 25 (checks, reviews, audits and mvestigations), 26 (impact evaluation), 27 
(rejections), 28 (grant reduction) and 42 (assignment of claims)) contmue to apply

32.3 Granting authority-initiated Grant Agreement or beneficiary termination

32.3.1 Conditions

The grantmg authonty may termmate the grant or the participation of one or more beneficianes, 
if

(a) one or more beneficianes do not accede to the Agreement (see Article 40)

(b) a change to the action or the legal, fmancial, techmcal, orgamsational or ownership 
situation of a beneficiary is hkely to substantially affect the implementation of the action 
or calls mto question the decision to award the grant (mcludmg changes Imked to one 
of the exclusion grounds listed m the declaration of honour)

(c) followmg termmation of one or more beneficianes, the necessary changes to the 
Agreement (and their impact on the action) would call mto question the decision 
awardmg the grant or breach the prmciple of equal treatment of apphcants

(d) implementation of the action has become impossible or the changes necessary for its 
contmuation would call mto question the decision awardmg the grant or breach the 
prmciple of equal treatment of apphcants

(e) a beneficiary (or person with unhmited hability for its debts) is subject to bankruptcy 
proceedmgs orsimilar (mcludmg msolvency, wmdmg-up, admmistration by a hquidator 
or court, arrangement with creditors, suspension of busmess activities, etc)

(f) a beneficiary (or person with unhmited hability for its debts) is m breach of social secunty 
or tax obhgations

(g) a beneficiary (or person havmg powers of representation, decision-makmg or control, 
or person essential for the award/implementation of the grant) has been found guilty of 
grave professional misconduct

(h) a beneficiary (or person havmg powers of representation, decision-makmg or control, 
or person essential for the award/implementation of the grant) has committed fraud, 
corruption, or is mvolved m a cnmmal orgamsation, money laundermg, terronsm-related 
cnmes (mcludmg terronsm fmancmg), child labour or human traffickmg

(i) a beneficiary (or person havmg powers of representation, decision-makmg or control, 
or person essential for the award/implementation of the grant) was created under a 
different junsdiction with the mtent to circumvent fiscal, social or other legal obhgations 
m the country of ongm (or created another entity with this purpose)
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(j) a beneficiary (or person havmg powers of representation, decision-makmg or control, 
or person essential for the award/implementation of the grant) has committed

(i) substantial errors, irregulanties orfraud or

(li) serious breach of obligations under this Agreement or durmg its award 
(includmg improper implementation of the action, non-compliance with the call 
conditions, submission of false Information, failure to provide required 
Information, breach of ethics or secunty rules (if applicable), etc)

(k) extension of fmdmgs Not apphcable

(l) despite a specific request by the grantmg authonty, a beneficiary does not request an 
amendment to the Agreement to end the participation of one of its affiliated entities or 
associated partners that is m one of the situations under pomts (d), (f), (e), (g), (h), (i) 
or (j) and to reallocate its tasks, or

(m) other

(i) hnked action issues Not apphcable

(n) additional GA termmation grounds

- the action has lost its scientific or technological relevance

- for Honzon Európe Missions the action has lost its relevance as part of 
the Portfoho for which it has been mitially selected

32.3.2 Procedúre

Before terminatmg the grant or participation of one or more beneficianes, the grantmg authonty 
will send a pre-information letter to the coordmator or beneficiary concerned

- formally notifymg the mtention to termmate and the reasons why and

- requestmg observations withm 30 days of receívmg notification

If the grantmg authonty does not receíve observations or decides to pursue the procedúre 
despite the observations it has receíved, it will confirm the termmation and the dáte it will také 
effect (confirmation letter) Otherwise, it will formally notify that the procedúre is discontmued

For beneficiary termmations, the grantmg authonty will — at the end of the procedúre — also 
mform the coordmator

The termmation will také effect the day after the confirmation notification is sent (or on a later 
dáte specified m the notification, 'termmation dáte’)

32.3.3 Effects

(a) for Grant Agreement termination

The coordmator mušt — withm 60 days from when termmation takes effect — submit a 
periodic report (for the last open reportmg periód until termmation)

The grantmg authonty will calculate the fmal grant amount and fmal payment on the 
basis of the report submitted and takmg mto account the costs mcurred and 
contnbutions for activities implemented before termmation takes effect (see Article 22) 
Costs relatmg to contracts due for execution only after termmation are not ehgible
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If the grant is termmated for breach of the obligation to submit reports, the coordmator 
may not submit any report after termmation

If the grantmg authority does not reoeive the report withm the deadlme, only costs and 
contnbutions which are mcluded m an approved penodio report will be taken mto 
account (no costs/contnbutions if no penodio report was ever approved)

Termmation does not affect the grantmg authonty’s nght to reduce the grant (see Article 
28)

The beneficiaries may not claim damages due to termmation by the grantmg authonty 
(see Article 33)

After termmation, the beneficianes' obligations (m particular Articles 13 (confidentiahty 
and secunty), 16 (IPR), 17 (commumcation, dissemmation and visibility), 21 (reportmg), 
25 (checks, reviews, audits and mvestigations), 26 (impact evaluation), 27 (rejections), 
28 (grant reduction) and 42 (assignment of claims)) contmue to apply

(b) for beneficiary termination

The coordmator mušt — withm 60 days from when termmation takes effect — submit

(i) a termination report from the beneficiary concemed, for the open reportmg 
periód until termmation, contammg an OverView of the progress of the work, 
the fmancial statement, the explanation on the use of resources, and, if 
apphcable, the certificate on the fmancial statement (CFS, see Articles 21 
and 24 2 and Data Sheet, Point 4 3)

(n) a request for amendment (see Article 39) with any amendments needed 
(e g reallocation of the tasks and the estimated budget of the termmated 
beneficiary, addition of a new beneficiary to replace the termmated 
beneficiary, change of coordmator, etc)

The grantmg authonty will calculate the amount due to the beneficiary on the basis of 
the report submitted and takmg mto account the costs mcurred and contnbutions for 
activities implemented before termmation takes effect (see Article 22) Costs relatmg to 
contracts due for execution only after termmation are not ehgible

The Information m the termmation report mušt also be mcluded m the penodíc report 
for the next reportmg periód (see Article 21)

If the grantmg authonty does not receíve the termmation report withm the deadlme, only 
costs and contnbutions mcluded m an approved penodíc report will be taken mto 
account (no costs/contnbutions if no penodíc report was ever approved)

If the request for amendment is accepted by the grantmg authonty, the Agreement is 
amended to mtroduce the necessary changes (see Article 39)

If the request for amendment is rejected by the grantmg authonty (because it calls mto 
question the decision awardmg the grant or breaches the prmciple of equal treatment 
of apphcants), the grant may be termmated (see Article 32)

After termmation, the concemed beneficiary’s obligations (m particular Articles 13 
(confidentiahty and secunty), 16 (IPR), 17 (commumcation, dissemmation and 
visibility), 21 (reportmg), 25 (checks, reviews, audits and mvestigations), 26 (impact 
evaluation), 27 (rejections), 28 (grant reduction) and 42 (assignment of claims)) 
contmue to apply
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SECTION 3 OTHER CONSEQUENCES: DAMAGES AND ADMINISTRATÍVE 
SANCTIONS

ARTICLE 33 — DAMAGES

33.1 Liability of the granting authority

The granting authority cannot be held liable for any damage caused to the beneficianes or to 
third parties as a consequence of the implementation of the Agreement, includmg for gross 
negligence

The granting authority cannot be held liable for any damage caused by any of the beneficianes 
or other participants mvolved m the action, as a consequence of the implementation of the 
Agreement

33.2 Liability of the beneficiaries

The beneficiaries mušt compensate the granting authority for any damage it sustams as a 
result of the implementation of the action or because the action was not implemented m full 
comphance with the Agreement, provided that it was caused by gross negligence or wilful act

The liability does not extend to mdirect or consequential losses or similar damage (súch as 
loss of profit, loss of revenue or loss of contracts), provided súch damage was not caused by 
wilful act or by a breach of confidentiahty

ARTICLE 34 —ADMINISTRATÍVE SANCTIONS AND OTHER MEASURES

Not apphcable

SECTION 4 FORCE MAJEURE

ARTICLE 35 — FORCE MAJEURE

A party prevented by force majeure from fulfilhng its obhgations under the Agreement cannot 
be considered m breach of them

‘Force majeure’ means any situation or event that

prevents either party from fulfillmg their obhgations under the Agreement,

was unforeseeable, exceptional situation and beyond the parties’ control,

- was not due to error or negligence on their part (or on the part of other participants 
mvolved m the action), and

- proves to be mevitable m spite of exercismg all due dihgence

Any situation constitutmg force majeure mušt be formally notified to the other party without 
delay, statmg the náture, likely duration and foreseeable effects

The parties mušt immediately také all the necessary steps to limit any damage due to force 
majeure and do their best to resume implementation of the action as soon as possible
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CHAPTER 6 FINAL PROVISIONS

ARTICLE 36 — COMMUNICATION BETWEEN THE PARTIES

36.1 Forms and means of communication

Communication under the Agreement (information, requests, submissions, ‘formal 
notifications’, etc.) mušt:

be made in writing,

clearly identity the Agreement (project number and acronym) and

be using the forms and templates when provided.

Except for formal notifications, the parties should recourse to Communications using electronic 
means.

Formal notifications mušt be made by registered post with proof of delivery (‘formal notification 
on páper’).

However, formal notifications may be sent electronically if the applicable national law in the 
Member State concerned allows it, notably with proof of delivery.

36.2 Dáte of communication

Communications are considered to háve been made when they are sent by the sending party 
(i.e. on the dáte and time they are sent).

Formal notifications on páper sent by registered post with proof of delivery are considered to 
háve been made on either:

the delivery dáte registered by the postál Service or

the deadline for collection at the post Office.

36.3 Addresses for communication

Formal notifications on páper addressed to the granting authority mušt be sent to the 
following address:

EURAMET European Partnership on Metrology - Management Support Unit (MSU)
Hampton Road, Teddington
Middlesex, TW11 OLW
United Kingdom

Email: part.msu@euramet.org

Formal notifications on páper addressed to the beneficiaries mušt be sent to their legal 
address.

ARTICLE 37 — INTERPRETATION OF THE AGREEMENT

The provisions in the Data Sheet také precedense over the rest of the Terms and Conditions 
of the Agreement.

Annex 5 takes precedense over the Terms and Conditions; the Terms and Conditions také 
precedence over the Annexes other than Annex 5.

Annex 2 takes precedence over Annex 1.
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ARTICLE 38 — CALCULATION OF PERIODS AND DEADLINES

In accordance with Regulation No 1182/7120, penods expressed in days, months or years are 
calculated from the moment the tnggering event occurs

20 Regulation (EEC, Euratom) No 1182/71 of the Council of 3 June 1971 determinmg the rules apphcable to 
penods, dates and time-limits (OJ L 124, 8/6/1971, p 1)

The day dunng which that event occurs is not considered as falhng withm the periód

‘Days’ means calendar days, not workmg days

ARTICLE 39 — AMENDMENTS

39.1 Conditions

The Agreement may be amended, unless the amendment entails changes to the Agreement 
which would call mto question the decision awardmg the grant or breach the pnnciple of equal 
treatment of apphcants

Amendments may be requested by any of the parties

39.2 Procedúre

The party requestmg an amendment mušt submit a request for amendment (see Article 36)

The coordmator submits and receíves requests for amendment on behalf of the beneficianes 
(see Annex 3) If a change of coordmator is requested without its agreement, the submission 
mušt be done by another beneficiary (actmg on behalf of the other beneficianes)

The request for amendment mušt mclude

the reasons why

- the appropnate supportmg documents and

- for a change of coordmator without its agreement the opmion of the coordmator (or 
proof that this opmion has been requested m writmg)

The grantmg authonty may request additional Information

If the party receívmg the request agrees, it mušt sign the amendment withm 45 days of 
receívmg notification (or any additional Information the grantmg authonty has requested) If it 
does not agree, it mušt formally notify its disagreement withm the samé deadhne The deadlme 
may be extended, if necessary for the assessment of the request If no notification is receíved 
withm the deadlme, the request is considered to háve been rejected

An amendment enters into force on the day of the signatúre of the receívmg party

An amendment takes effect on the dáte of entry mto force or other dáte specified m the 
amendment

ARTICLE 40 — ACCESSION AND ADDITION OF NEW BENEFICIARIES

40.1 Accession of the beneficiaries mentioned in the Preamble

The beneficiaries which are not coordmator mušt accede to the grant by signmg the accession 
form (see Annex 3), withm 30 days after the entry mto force of the Agreement (see Article 44) 
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They will assume the rights and obligations under the Agreement with effect from the dáte of 
its entry mto force (see Article 44)

If a beneficiary does not accede to the grant withm the above deadhne, the coordmator mušt 
— withm 30 days — request an amendment (see Article 39) to termmate the beneficiary and 
make any changes necessary to ensure proper implementation of the action This does not 
affect the grantmg authonty’s nght to termmate the grant (see Article 32)

40.2 Addition of new beneficiaries

In justified cases, the beneficiaries may request the addition of a new beneficiary

For this purpose, the coordmator mušt submit a request for amendment m accordance with 
Article 39 It mušt mclude an accession form (see Annex 3) signed by the new beneficiary

New beneficiaries will assume the rights and obligations under the Agreement with effect from 
the dáte of their accession specified m the accession form (see Annex 3)

Additions are also possible m mono-beneficiary grants

ARTICLE 41 — TRANSFER OF THE AGREEMENT

In justified cases, the beneficiary of a mono-beneficiary grant may request the transfer of the 
grant to a new beneficiary, provided that this would not call mto question the decision awardmg 
the grant or breach the prmciple of equal treatment of applicants

The beneficiary mušt submit a request for amendment (see Article 39), with

- the reasons why

- the accession form (see Annex 3) signed by the new beneficiary and

additional supportmg documents (if required by the grantmg authonty)

The new beneficiary will assume the rights and obligations under the Agreement with effect 
from the dáte of accession specified m the accession form (see Annex 3)

ARTICLE 42 — ASSIGNMENTS OF CLAIMS FOR PAYMENT AGAINST THE GRANTING 
AUTHORITY

The beneficiaries may not assign any of their claims for payment agamst the grantmg authonty 
to any third party, except if expressly approved m writmg by the grantmg authonty on the basis 
of a reasoned, wntten request by the coordmator (on behalf of the beneficiary concerned)

If the grantmg authonty has not accepted the assignment or if the terms of it are not observed, 
the assignment will háve no effect on it

In no circumstances will an assignment release the beneficiaries from their obligations towards 
the grantmg authonty

ARTICLE 43 — APPLICABLE LAW AND SETTLEMENT OF DISPUTES

43.1 Applicable law

The Agreement is governed by the applicable EU law, supplemented if necessary by the 
national law of the Member State of the grantmg authonty

Special rules may apply for beneficiaries which are International orgamsations or the Jomt 
Research Centre (JRC) (if any, see Data Sheet, Point 5)
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43.2 Dišpute settlement

If a dišpute concerns the mterpretation, apphcation or vahdity of the Agreement, the parties 
mušt bnng action before the competent court of the Member State of the grantmg authonty

For beneficiaries with arbitration as special dišpute settlement fórum (if any, see Data Sheet, 
Point 5), the dišpute will — m the absence of an amicable settlement — be settled m 
accordance with the Rules for Arbitration pubhshed on the Fundmg and Tenders Portál

ARTICLE 44 — ENTRY INTO FORCE

The Agreement will enter mto force on the day of signatúre by the grantmg authonty or the 
coordmator, dependmg on which is later
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SIGNATURES:

For the coordinator Forthe granting authority

Name or authonsed representative
Maguelonne Chambon_______
Name of authonsed representative

Function of aumoribeu .^^.esentative
Partnership Chair ____________
Function of authonsed representative

Signatúre ofauthorised representative Signatúre ofauthorised representative

Dáte Dáte

Done in English
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Glossary

Al 
AM S 
ASCII 
arXiv 
ASME 
BIPM 
BS 
CC 0

Artificial Intelligence
Aerospace Matéria! Specification
American Standard Code for Information Interchange
Open-access repository of electromc prepnnts and postpnnts
American Society of Mechamcal Engmeers
International Bureau of Weights and Measures
Bntish Standard
Creative Commons Copyright waiver to enable free distribution m the public domam without 
restnction

CC BY 
CCT 
CIPM 
CMC 
CMINT 
CSV 
DART 
DCE 
Dl 
DMP 
DOI 
EC 
EMAF 
EMC 
EMN 
EMPÍR 
EMRP 
EN 
engrXiv 
EPM 
EU 
FAIR 
FEM 
FET 
FOV 
FTIR 
GUM 
IEC 
IJNT 
InstMC 
loP 
loT 
IP 
IPR 
IR 
ISAT 
ISO 
ITS-90 
JAWS 
JNT 
JPEG 
JRP 
MeP-K 
Nadcap 
NMI 
NOx 
ORE 
PC 
PRN 
SAE 
SI

As per CC 0, but with a requirement to give attribution to the creator
Consultative Committee for Thermometry
International Committee for Weights and Measures
Calibration and Measurement Capability
CMI Johnson noise thermometer
Comma Separated Vanables
Dual-mode auto-cahbrating resistance thermometer (the PTB Johnson noise thermometer)
Dissemmation, communication and exploitation (plaň)
Designated Inštitúte
Data Management Plaň
Digital Object Identifier
European Commission
Emissivity Measurement m Air Facility (PTB)
Electromagnetic Compatibility
European Measurement NetWork
European Metrology Programme for Innovation and Research
European Metrology Research Programme
European Norm (i e European Standard)
Open-access prepnnt repository for engineermg
European Partnership on Metrology
European Union
Fmdability, accessibility, mteroperability, and reusability
Fimte Element Modellmg
Field Effect Transistor
Field of View
Founer Transform Infrared
Guide to the Expression of Uncertamty m Measurement
International Electrotechmcal Commission
Industnal Johnson noise thermometer (the Metrosol Johnson noise thermometer)
Inštitúte of Measurement and Control
Inštitúte of Physics
Internet of Thmgs
Intellectual Property
Intellectual Property Rights
Infrared
Inštrument Science and Technology Committee (a committee of the Inštitúte of Physics)
International Orgamsation for Standardization
International Temperature Scale of 1990
Josephson arbitrary waveform synthesiser
Johnson noise thermometer
Jomt Photographic Experts Group, a compressed digital image filé formát
Jomt Research Proposal
Mise en pratique for the defmition of the kelvin m the SI
National Aerospace and Defense Contractors Accreditation Program
National Metrology Inštitúte
Nitrogen oxides, a group of gases mamly formed dunng the combustion of fossil fuels
Open Research Európe
Personál Computer
Pseudo-random noise
SAE International, a global professional association and engineenng standards orgamsation 
International System of Umts
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SME Small and medium-sized enterpnses
SNCR Selective non-catalytic reduction
STD Portable štandard tlame
TC-T Techmcal committee for thermometry
TDLAS Tunable dióde laser absorption spectroscopy
TG Task Group
UKAS United Kmgdom Accreditation Service
UkrNDNC Ukraiman Research and Traming Center for Standardization, Certification and Quality Problems
ULNT Umversity of Ljubljana Johnson noise thermometer
WG Workmg Group
WtE Waste-to-Energy
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Section Ä: Key data

A 7 Project data summary
Coordinator contact details:

Participant details:

Coordinator. Hennk Kjeldsen

Address. DTI, Kongsvang Allé 29, DK-8000 Aarhus C , Denmark

Phone +45 7220 2909

Emaiľ hkje@teknologisk dk

no. Participant Type Short Name Orgamsation legal full name Country
1 Internal Beneficiary DTI Teknologisk Inštitút Denmark

2 Internal Beneficiary CMI Česky Metrologický Inštitút Czechia

3 Internal Beneficiary PTB Physikahsch-Techmsche Bundesanstalt Germany

4 Internal Beneficiary SMU Slovensky Metrologický Ústav Slovakia
5 Internal Beneficiary UL Univerza v Ljubljam Slovema

6 Internal Beneficiary VTT Teknologian tutkimuskeskus VTT Oy Fmland

7 External Beneficiary DTU Danmarks Tekmske Umversitet Denmark

8 External Beneficiary NSC-IM National Scientific Centre Inštitúte of Metrology Ukrame

9 External Beneficiary OVCU Otto-von-Guencke-Umversitaet Magdeburg Germany

10 Unfunded Beneficiary B&W Volund Babcock & Wilcox Volund A/S Denmark

11 Unfunded Beneficiary Beamex Beamex Oy Ab Fmland
12 Associated Partner - 

hnked to all beneficiaries
BAE BAE Systems Marme Ltd United Kmgdom

13 Associated Partner - 
linked to all beneficianes

CCPI CCPI Európe Ltd United Kmgdom

14 Associated Partner - 
linked to all beneficianes

Metrosol Metrosol Limited United Kmgdom

15 Associated Partner - 
hnked to all beneficianes

NPL NPL Management Limited United Kmgdom

16 Associated Partner - 
hnked to all beneficianes

STRATH Umversity of Strathclyde United Kmgdom

17 Associated Partner - 
hnked to all beneficianes

UoM The University of Manchester United Kmgdom
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A2 Financial summary
Internal 

Beneficiaries
External 

Beneficiaries
Unfunded

Beneficiaries
Associated

Partners Total Total
Ehgible

Labour (€) 798 283 00 176 757 00 35 000 00 566 295 00 1 576 335 00 1 010 040 00

Subcontracts (€)

T&S (€) 68 600 00 19 203 00 12 000 00 55 320 00 155 123 00 99 803 00

Equipment (€) 30 060 00 30 060 00 30 060 00

Other Goods, 
Works, and 
Services (€) 78 495 00 24 040 00 5 000 00 76 591 00 184 126 00 107 535 00

Internally 
Invoiced Goods 
and Services (€) 20 777 00 39 000 00 59 777 00 20 777 00

Financial 
support to Srd 
parties (N/A) (€)

Indirect (€) 236 344 50 55 000 00 20 515 00 174 551 50 486 411 00 311 859 50

Total costs (€) 1 202 499 50 275 000 00 102 575 00 911 757 50 2 491 832 00 1 580 074 50

Costs as % of 
Total costs

76% 17% 6% 58%

Total Ehgible 
Costs (€) 1 202 499 50 275 000 00 102 575 00 1 580 074 50 1 580 074 50

EU 
contnbution (€) 1 202 499 50 275 000.00 1 580 074.50 1 477 499 50

EU contnbution 
as % of total EU 
contnbution

81 % 19% 0% 0%

Months 107 1 25 2 39 77 1 2133 213 3

A3 Work packages summary

The Information m tables A2 and A3 reflect the estimates of resources as of the štart of project m September 
2024 The tables will not necessanly be updated durmg the course of the project

WP No Work Package Title Active Participants (WP leader m bold) Months

WP1 Traceable, quantitative thermal imagmg 
from-100 °C to 500 °C

PTB, DTI, CMI, SMU, VTT, Beamex, NPL, 
STRATH

28 8

WP2 Improving the technology readmess of practical 
Johnson noise thermometry

PTB, CMI, UL, Metrosol, NPL, STRATH, 
UoM

70 0

WPS Thermographic phosphor thermometry up to 
1250°C

NPL, DTI, PTB, VTT, DTU, OVGU, 
Beamex, BAE, STRATH

32 9

WP4 Artificial Intelhgence to facilitate improved 
thermometry

DTU, PTB, VTT, UL, NPL, NSC-IM, 
B&WVolund, Beamex, CCPI, STRATH, 
DTI

45 3

WPS Creatmg impact STRATH, all participants 170

WP6 Management and coordmation DTI, all participants 193

Total months 213.3
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Section B: OverView of the research

B1 S um máry of the project
OverView

Most industnal processes rely on temperature measurement, which directly mfluences product quality, energy 
efficiency, and emissions All conventional temperature sensors exhibit cahbration dnft leadmg to mefficiencies 
Poor súriace thermometry causes process control problems m advanced manufacturing Poor gas 
thermometry causes sub-optimal noxious emissions and reduced efficiency This project will overcome specific 
process control challenges by implementmg embedded traceable thermometry in-situ through dnftless 
practical pnmary thermometry and self-validation, gas/combustion thermometry, and new traceable surface 
temperature measurement methods Traceability will be either directly to the redefmed SI kelvin, or mdirectly 
via the International Temperature Scale of 1990 (ITS-90)

Need

Advanced manufactunng is considered by the EU to be at the heart of its industnal strategy (E Westkamper 
Towards the Re-lndustnalization of Európe - A Concept for Manufactunng for 2030, Spnnger-Verlag 2014) and 
new techmques are important for European growth and sustainability (EC COM(2017) 479) Adoption of 
advanced manufactunng technologies (EC COM(2014) 14), as well as improved energy efficiency (the pnce 
differential between Európe and other regions is mcreasmg) and measurement traceability, is key to achievmg 
that Maintaming leadership m energy efficiency is crucial m a tíme of growmg competition for resources

The need for improved m-process temperature measurement is demonstrated by a) Industries, bemg Funded 
or Unfunded Beneficianes or Associated Partners, identifymg their key issues, and b) the requirement to 
address temperature sensor cahbration dnft and surface temperature measurement, which were identified as 
key needs for Advanced Manufactunng m the Draft Stratégie Research Agenda pubhshed by the European 
Metrology NetWork (EMN) for Advanced Manufactunng

Reliable, traceable surface temperature measurement with thermal imaging is notonously difficult It requires 
knowledge of the surface emissivity and any reflected thermal radiation, mcludmg knowledge of the geometry 
of the scene Contact probes are even worse There is a need for a completely new approach which can 
provide a reliable, non-perturbative measurement of the surface temperature m the field of view

Long-term reliable temperature measurement and control is required to make autonomous production/lndustry 
4 0a reality However, m the harsh measurement environments encountered m mdustry (e g high 
temperature), sensor materials degrade, and they dnft out of cahbration There is a need for practical pnmary 
thermometers that measure thermodynarnic temperature irrespective of any damage to the sensor

Traditional techmques for surface temperature measurement súch as thermal imaging are senously 
compromised due to the unknown emissivity of the surface and reflected and background thermal radiation 
For weldmg, formmg, forgmg and additive manufactunng, surface temperature measurement is not sufficiently 
accurate Phosphor thermometry offers a solution but robust coatmgs, new phosphor formulations and higher 
temperature operation (up to 1250 °C) are needed

Self-vahdatmg thermometers which make use of an m-situ reference temperature are of growmg mterest for 
autonomous m-process recahbration but require manual mtervention, automation requires recogmtion of 
charactenstic features m temperature-time data which is beyond conventional Software techmques, and 
artificial intelhgence (Al) Solutions are needed Spectroscopic infrared gas thermometry for industnal hot gas 
(e g combustion) processes also rehes on Al to retneve the temperature but this needs improvmg to reduce 
the temperature measurement uncertamty to ± 2 %

These all reflect the need to mtroduce traceability to the SI m process

Obiectives

The overall aim of the project is to enhance advanced manufactunng processes by improvmg temperature 
measurement and control capability The specific objectives of the project are

1 To develop techmques for truly traceable, quantitative thermal imagmg, by usmg at least 4 key 
engmeermg materials and selected thermographic phosphors with known temperature m the field of 
view of the thermal imager m the range of -100 °C to 500 °C with an uncertamty of less than 5 °C This 
will melude charactensation (e g , spectral, angular, and hemisphencal emissivity) of the surface or of 
the phosphor itself and m-situ correction for camera non-umformity

2 To improve practical Johnson noise thermometry with a technology readmess level (TRL) of 6, and an 
uncertamty of less than 3 °C, and to provide truly dnftless thermometry for harsh environments 
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(e g , nuclear power generation and decommissionmg) In particular, to develop a robust próbe 
assembly for measunng Johnson noise and demonstrate its performance m harsh environments 
(e g , high temperatures up to 1200 OC, lonising radiation (gamma rays and neutrons), electromagnetic 
fields)

3 To develop robust thermographic phosphor techmques for surface temperature measurement with an 
uncertamty of less than 3 °C and up to temperatures of 1250 °C m collaboration with metals processmg 
orgamsations and end-users (e g , marme manufacturmg), to progress towards the goal of zero carbon 
production m e g , Steel processmg, and more generally improved energy efficiency of heavy mdustry

4 To develop artificial mtelligence (e g , machme learnmg) approaches to enable traceable m-situ 
temperature measurement for mdustnal applications with an uncertamty less than 2 % up to 1500 °C, 
demonstrated through at least three čase studies (e g , i) machme learnmg for autonomous operation 
of self-validatmg thermometers, n) spectroscopic mfrared thermometry for m-situ gas temperature and 
gas temperature profile measurements and m) reference surface temperature calibration msert)

5 To facilitate the take-up of the technology and measurement mfrastructure developed m the project by 
the measurement supply cham (e g , sensor manufacturers), standards developmg orgamsations 
(e g , IEC) and e end users (metals processmg orgamsations, nuclear power mdustry, space mdustry, 
etc) and via the EMN for Advanced Manufacturmg

Progress beyond the state of the art and results

Sigmficant progress m this collaborative research was made m the two EMPÍR projects 14IND04 EMPRESS 
and 17IND04 EMPRESS 2, particularly m developmg workmg prototypes of several novel thermometers 
mcludmg the phosphor thermometer, self-validatmg thermocouples, a portable štandard fláme, and 
combustion temperature diagnostic techmques

Thermal imagmg (objective 1)

Reliable, traceable surface temperature measurement is notonously difficult Currently mdustry uses contact 
surface probes which are prone to very large uncertamties (difficult to mitigate or quantify), or thermal imagmg 
which requires knowledge of the surface emissivity and any reflected thermal radiation, mcludmg knowledge 
of the geometry of the scene, to give meanmgful temperature measurements This objective focuses on 
enablmg quantitative thermal imagmg via deployment of known temperature artefacts based on thermographic 
phosphors m the field of view

Johnson noise thermometry (objective 2)

A practical primary thermometer measures a property (e g , speed of sound m a gas, or Johnson noise voltage) 
which can be related to the sensor temperature without the need for calibration, and m some cases 
e g , Johnson noise thermometry, all the sensor properties that change m harsh environments can be 
measured, ensurmg the temperature is always determmed absolutely Practical Johnson noise thermometer 
prototypes work m bemgn environments but need developmg for harsh environments, here the aim is to make 
robust practical pnmary thermometers, usmg graphene and other constructions, withm the tíme frame of the 
project and this represents a disruptive development m mdustnal thermometry

Phosphor thermometry to 1250 °C (objective 3)

Phosphor thermometry can be used for monitoring the surface temperature of parts undergomg formmg, 
forgmg, weldmg or heat treatment but it is only reliable to 750 °C with mtermittent use to 1000 °C The 
consortium participants, brmgmg complementary expertise, will go beyond the state of the art by enablmg 
development and validation of phosphor thermometry techmques and Instruments up to 1250 °C This will be 
through development of robust coatmg methods and phosphor formulations that exhibit sufficient fluorescence 
at elevated temperatures, and through m-process implementation m a range of manufacturmg field tnals The 
techmques developed will also be applied to practical devices for calibratmg end-user thermometers

Artificial intelligence (objective 4)

Locatmg any mstance of the meltmg plateau of self-validatmg thermocouples and performmg the 
correspondmg m-situ recalibration is currently a manual operation which limits uptake New machme learnmg 
(ML) techmques will be used to automate this, enablmg truly dnftless thermometry In-situ measurements of 
gas temperature at Selective Non-Catalytic Reduction (SNCR) locations at power planíš or waste mcmerators 
are essential for efficient NOx removal from the flue gas (so-called NOx reduction) and efficient reagent 
(ammoma, urea) consumption but are too slow and not suitable for real-time process control Gas temperature 
profile retnevals with the use of new Al tools will enable real-time temperature measurements, process 
optimisation and pollutant emission control For surface thermometry neural net-based dry-block cahbrator 
mserts to provide a practical reference surface temperature will be developed, the Al approach will enable 
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rehable determination of the true reference surface temperature by 3D mterpolation of a small network of 
thermometers

Outcomes and impact

The project is mdustry-focused with the outputs bemg tnalled m-process durmg the projecťs lifetime 
Knowledge transfer will be maximised through holding mdustry focused workshops, a project newsletter sent 
to the projecťs StakeholderCommumty, reportmg the projecťs aíms, objectives and outcomes m relevanttrade 
journals and at scientific conferences

Outcomes for mdustnal and other user communities

The project will establish new resources for enablmg traceable, quantitative thermal imagmg and phosphor 
thermometry, practical Johnson noise thermometers which do not suffer from calibration dnft, and machme 
learnmg techmques for a number of commonly used thermometry scenanos The direct impact on the mdustnal 
project participants is very sigmficant The mtroduction of in situ traceability to the SI is embedded m all tasks 
of the project A stakeholder commumty will be established, and a workshop will be held m the second half of 
the project to dissemmate outputs, as well as attendance at conferences and pubhcation m scientific and trade 
journals More widely, improved temperature measurement will result m tighter process control which m turn 
enhances competitiveness Examples of wider uses mclude the petrochemical mdustry, nuclear power mdustry 
(especially decommissioning which currently requires widespread process improvements, and small modular 
reactors), shipbuildmg, aerospace and space, iron and steel manufacture, oil and gas, automotive mdustry, 
consumer electromcs mdustry, metals Industries, refractory msulation manufacture, solar heat capture and 
heat storage, and distnct heatmg/coolmg networks

Outcomes for the metrology and scientific commumties

The development of practical Johnson noise thermometer (JNT) is directly aligned with the mise en pratique 
for the redefmed kelvin (/WeP-K) which details how to attam temperature traceabíhty by means of pnmary 
thermometry without recourse to any defmed scale, and supports the long-term aim of the BIPM Consultative 
Committee for Thermometry (CCT) (as expressed m the CČT strategy 2021-2030+) to shift emphasis from 
secondary thermometry (i e thermometers that need calibration) to pnmary thermometry (direct temperature 
measurement) The route to market for JNTs is built mto the project

The consortium is mvolved m coordmatmg the Guides on Thermometry, and several Task and Workmg 
Groups, of the BIPM Consultative Committee for Thermometry (CCT) These are responsible for promotmg 
good thermometry practice and traceabíhty to the SI The consortium also has representation on the 
EURAMET Techmcal Committee on Thermometry (TC-T) and will ensure that project outputs are widely 
dissemmated via the EURAMET TC-T activities In addition, a member of the consortium (NPL) is the pást 
president of the UK Inštitúte of Measurement and Control (InstMC) and will use the InstMC network to 
dissemmate project outputs to a highly relevant user commumty

Outcomes for relevant standards

This project will háve a sigmficant impact by enablmg Industries to ensure a greater level of compliance with 
relevant standards This will be achieved through mfluencmg committees mcludmg IEC TC 65/SC 65B/WG5 
(thermocouple standards e g , IEC 60584), CCT (wide rangmg relevant areas of mterest), EURAMET TC-T 
(wide rangmg relevant areas of mterest), InstMC - Standards Policy Panel (promotion of excellence m 
mstrumentation and control), loP ISAT committee (promotion of new developments m sensmg)

Better surface thermometry will enhance participants’ ability to meet the requirements of standards associated 
with pre- and post-weldmg heat treatment temperature, namely BS EN 13445, ASME VIII, PD 5500, and 
compliance with the umbrella štandard ISO 15614-1 Surface coatmg of marme and aerospace structures is 
subject to comparable thermometry challenges, here the ability to meetmg BS EN ISO 8502-4 2000 will be 
enhanced Compliance with the aerospace heat treatment štandard AMS2750F will be facilitated by improved 
low dnft temperature sensors súch as JNT and self-validatmg thermometers and the associated SAE 
committee will be kept mformed of the project progress

As JNT becomes more widespread, mdustry will look to the European metrology commumty for guidance on 
the associated calibration and traceabíhty framework, and standardisation will come to the fóre This project 
will provide the underpmnmg work for this This framework may look sigmficantly different from one designed 
for conventional thermometers (i e , the ITS-90) The work will feed mto ongomg discussions withm the CCT 
Longer-term econornic, social and environmental impacts

This project will coordmate expertise distnbuted across a number of NMIs and enterprises to solve specific 
measurement challenges Európe has a very strong high value / advanced manufactunng base when seen m 
a global context Its aerospace and space mdustry supply chams extend throughout Európe and are largely 
knowledge-based Enhancement of efficiency m processes will breed mnovation and technological Solutions, 
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with a resultmg improvement m the competitiveness of mdustry across the EU This m turn boosts economíc 
output and growth and both retam and create high quality jobs m several sectors

Industry accounts for almost a quarter of energy consumed withm the EU, with power generation, 
manufacturing and mdustnal processmg accountmg fortwo thirds of greenhouse gas emissions Improving the 
reliability of thermometry, which is the basis of múch process control m industry, is a key enabler to improving 
energy efficiency Expertise m energy efficient processes is identified by the EC as bemg very likely to be a 
growth area m the near future and will give a competitive edge to European Industries

In nuclear decommissionmg, the requirement for traceable low uncertamty thermometry of nuclear waste 
storage contamers over the timescale of tens to hundreds of years or more is required until waste is secured 
m planned underground storage repositones The measurement of temperature is a key assurance monitoring 
parameter for súch contamers, so a process-ready JNT and quantitative thermal imagmg and phosphor 
thermometry are key enablers

The EU also has a vibrant sensor manufactunng base, the global market for temperature sensmg alone is 
estimated to be worth €4 5 billion and sensors for monitoring process vanables account for the majority of this 
EU sensor manufacturers can také advantage of the project developments through licensmg and selhng 
mnovative and improved sensors m the global market Most of these manufacturers are small-to medium-sized 
enterprises AI/ML and hardware developments are expected to lead to post-project spin-off activities 
e g , mdustnal commercial inštrument development

B2 Excellence

B2.a OverView of the objectives
The overall aim of the project is to enhance advanced manufactunng processes by improvmg temperature 
measurement and control capability The specific objectives of the project are

1 To develop techmques for truly traceable, quantitative thermal imagmg, by usmg at least 4 key 
engineenng matenals and selected thermographic phosphors with known temperature m the field of 
view of the thermal imager m the range of -100 0C to 500 °C with an uncertamty of less than 5 °C This 
will mclude charactensation (e g , spectral, angular, and hemisphencal emissivity) of the surface or of 
the phosphor itself and m-situ correction for camera non-uniformity (WP1)

2 To improve practical Johnson noise thermometry with a technology readmess level (TRL) of 6, and an 
uncertamty of less than 3 °C, and to provide truly dnftless thermometry for harsh environments 
(e g , nuclear power generation and decommissionmg) In particular, to develop a robust próbe 
assembly for measunng Johnson noise and demonstrate its performance m harsh environments 
(e g , high temperatures up to 1200 °C, lomsmg radiation (gamma rays and neutrons), electromagnetic 
fields) (WP2)

3 To develop robust thermographic phosphor techmques for surface temperature measurement with an 
uncertamty of less than 3 °C and up to temperatures of 1250 °C m collaboration with metals processmg 
orgamsations and end-users (e g , marme manufactunng), to progress towards the goal of zero carbon 
production m e g , Steel processmg, and more generally improved energy efficiency of heavy mdustry 
(WPS)

4 To develop artificial mtelligence (e g , machme learnmg) approaches to enable traceable m-situ 
temperature measurement for mdustnal apphcations with an uncertamty less than 2 % up to 1500 °C, 
demonstrated through at least three čase studies (e g , i) machme learnmg for autonomous operation 
of self-validating thermometers, n) spectroscopic mfrared thermometry for m-situ gas temperature and 
gas temperature profile measurements and m) reference surface temperature calibration msert) 
(WP4)

5 To facilitate the take-up of the technology and measurement mfrastructure developed m the project by 
the measurement supply cham (e g , sensor manufacturers), standards developmg orgamsations 
(e g , IEC) and e end users (metals processmg orgamsations, nuclear power mdustry, space mdustry, 
etc) and via the EMN for Advanced Manufactunng (WP5)
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B2.b List of deliverables

Relevant 
objective 
(Activity 
delivenng 
the 
deliverable)

Deliverable 
number

Deliverable descnption Deliverable 
type

Participants 
(Lead in bold)

Delivery 
dáte

1 
(A1 2 9)

D1 Emissivity dataset for at least 4 key 
engineenng materials and selected 
phosphors, includmg spectral, angular, 
and hemisphencal emissivity

Dataset PTB, SMU, 
NPL

Jun 2027 
(M34)

1 
(A1 4 4)

D2 Paper on the techniques developed for 
truly traceable, quantitative thermal 
imagmg, by usmg at least 4 key 
engineermg materials and selected 
phosphors with known temperature m 
the field of view of the thermal imager m 
the range of-100 °C to 500 °C with an 
uncertamty of less than 5 OC submitted 
to a peer-reviewed Journal

Paper NPL, CMI, 
PTB, SMU, 
VTT, Beamex

Aug 2027 
(M36)

2 
(A2 1 6)

D3 Paper summarising Johnson noise 
thermometry electronics with a 
technology readmess level of 6 and an 
uncertamty less than 3 °C for practical 
use m harsh mdustnal environments at 
temperatures up to 1200 °C submitted 
to a peer-reviewed Journal

Paper PTB, CMI, UL 
Metrosol, NPL

Nov 2026 
(M27)

2 
(A2 2 5)

D4 Report on a robust próbe assembly for 
measunng Johnson noise m harsh 
environments (e g , high temperatures 
up to 1200 °C, lonising radiation 
(gamma rays and neutrons), 
electromagnetic fields)

Report NPL, CMI, 
PTB, UL, 
Metrosol, 
STRATH, 
UoM

Jun 2027 
(M34)

3 
(A3 1 7)

D5 Paper on robust thermographic 
phosphor techmques for surface 
temperature measurement with an 
uncertamty of less than 3 °C and up to 
temperatures of 1250 °C submitted to a 
peer-reviewed Journal

Paper NPL, DTI, 
OVCU, 
STRATH

Feb 2027 
(M30)

3 
(A3 3 4)

D6 Article on the practical application of 
phosphor thermometry submitted to a 
trade Journal

Article NPL, DTI, 
STRATH, BAE

Jun 2027 
(M34)

4 
(A4 3 7)

D7 Article on the application of Al 
approaches to enable traceable m-situ 
temperature measurement m mdustnal 
applications with an uncertamty less 
than 2 % up to 1500 °C 
(e g , i) machme learnmg for 
autonomous operation of self-vahdatmg 
thermometers, u) spectroscopic mfrared 
thermometry for m-situ gas temperature 
and gas temperature profile 
measurements and m) reference 
surface temperature calibration msert) 
submitted to a trade Journal

Article DTU, PTB, 
UL, VTT, NPL, 
NSC-IM, 
STRATH, 
B&W Volund, 
Beamex, CCPI

May 2027 
(M33)
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4 
(A4 3 8)

D8 Paper on the apphcation of Al to enable 
m-situ traceable thermometry m 
industnal apphcations (e g , i) machme 
learnmg for autonomous operation of 
self-validating thermometers, 
n) spectroscopic mfrared thermometry 
for in-situ gas temperature and gas 
temperature profile measurements and 
m) reference surface temperature 
cahbration insert) submitted to a 
peer-reviewed Journal

Paper DTU, PTB, 
UL, VTT, NPL,
NSC-IM,
STRATH, 
B&W Volund, 
Beamex, CCPI

Aug 2027 
(M 36)

n/a D9 Evidence of contnbutions to or 
influence on new or improved 
International guides, recommendations 
and standards with a specific focus on 
CCT, IEG TC 65/SC 65B/WG5, 
Nadcap/SAE AMS2750
Examples of early uptake of project 
outputs by end-users
Updated dissemination, communication 
and exploitation plaň

Reportmg 
documents

STRATH, all 
participants

Aug 2027
(M36)

n/a D10 Dehvery of all techmcal and financial 
reportmg documents as required by 
EURAMET

Reportmg 
documents

DTI, all 
participants

Aug 2027 
(M36) 
+ 60 days

B2.c Need for the project
Advanced manufactunng is considered by the EU to be at the heart of its industnal strategy [18] and new 
techmques are important for European growth and sustamability [19] Adoption of advanced manufactunng 
technologies [20], as well as improved energy efficiency [21] and measurement traceability is key to achievmg 
that Maintaming leadership m energy efficiency is crucial m a tíme of growmg competition for resources

The focus of this project will be to address a selected set of specific, documented process control challenges 
by demonstratmg improved m-process temperature measurement traceable to the International Temperature 
Scale of ITS-90 (ITS-90) [3] or directly to the SI kelvin [1] dunng the íife of the project The need is demonstrated 
by a) Industries, bemg Funded or Unfunded Beneficiaries or Associated Partners, identifymg their key issues, 
and b) the requirement to address temperature sensor cahbration dnft and surface temperature measurement, 
which were identified as key needs for Advanced Manufactunng m the Draft Stratégie Research Agenda 
pubhshed by the European Metrology NetWork (EMN) for Advanced Manufactunng (m Cross Cuttmg Topics 
Johnson noise thermometry on page 4, m-situ validation on page 31, and Key Industry Sector Topics surface 
temperature on page 7) [22] For the specific objectives m this project

1 Thermal imagmg is used to monitor surface temperature m a wide range of applications, includmg 
formmg and forgmg, weldmg, annealmg, spacecraft thermal vacuum testmg, nuclear waste monitoring, 
gas turbíne manufactunng and operation The difficulty of charactensing the surface emissivity when 
performmg quantitative thermal imagmg results m measurement uncertamties which are often so large 
that the process quality/efficiency is sigmficantly adversely affected There is a need for a completely 
new approach which can provide a reliable measurement of the local surface temperature without 
perturbmg it Thermographic phosphor spots can be adhered directly to the surface bemg measured 
and m the thermal imager field of view, allowmg the surface emissivity to be determmed and hence 
the true surface temperature to be determmed, but this approach requires a) knowledge of the 
emissivity of the phosphor itself and b) knowledge of the mherent camera non-umformity Existmg 
phosphor thermometry techmques are well established from ambient temperatures up to 750 °C, with 
prototype Instruments able to approach 1000 °C However, there is a growmg need to measure below 
0 °C, e g for the space sector, where traditional thermal imagmg is particularly challengmg due to the 
low signál levels and relatively high background thermal radiation, and above 1000 °C for 
manufactunng processes e g high reliability steel structures

2 Conventional thermometers are all prone to cahbration dnft which results m Progressive loss of 
Information about the process temperature and necessitates regular thermometer recalibration or 
replacement Recent work by participants Metrosol (an SME) and NPL [23], PTB [24], UL and CMI 
together with routes to market will, for the first tíme, result m the worlďs first practical Johnson noise 
thermometers (JNTs) for industry with varymg degrees of performance (and hence cost) All the JNTs 
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exist as prototypes but the formidable technical challenges around electromcs and probes fit for 
mdustry, as well as the unexplored traceability mechanisms, are common to all types of JNT This is 
of great importance for applications where long-term monitoring and control is needed, examples 
mclude lomsing radiation environments mcludmg nuclear waste storage and aerospace heat 
treatment JNT is also needed for calibration laboratones [25] JNT is very difficult because a) the 
noise voltage is mmuscule [26] and needs to be extracted from other, múch larger electncal noise and 
b) the requirements for sensmg elements and probes are more demandmg than for conventional 
thermometers The route for traceability of the Johnson noise voltage measurement and resistance 
measurement to electncal standards, and a robust sensmg element and próbe assembly useable to 
1200 °C, need to be developed Graphene is a promismg candidate for the sensmg element [27] but 
destructively oxidises at modest temperatures so the development and charactensation of a practical 
ceramic-encapsulated graphene sensmg element is needed JNT is one of the practical pnmary 
thermometry types recommended for further development by the BIPM Consultative Committee on 
Thermometry (CCT) [2] It is m the CCT strategy (2021-2030+) as it implements the redefmed kelvin 
by offermg the possibility of thermometry free from calibration and dnft Jomt development of the 
distmct JNT approaches is needed to provide a) diversity of design, metrological performance and 
cost, which translates mto more options for customers, b) downward pnce pressure, and c) mcreased 
propagation to end users

3 Accurate and traceable non-contact temperature measurement of surfaces is challengmg but it is often 
the only option durmg high temperature dynarnic processes Traditional non-contact techmques súch 
as thermal imagmg are senously compromised due to the unknown emissivity of the surface bemg 
measured, background thermal radiation, and often rapidly changmg temperatures In mdustry súch 
as marme, aerospace and space manufacturmg, surface temperature measurement is not sufficiently 
accurate, and imagmg capability is needed to obtam mstantaneous temperature gradients Phosphor 
thermometry offers a solution to these challenges and has been progressed substantially m EMPÍR 
projects 14IND04 EMPRESS [5] and 17IND04 EMPRESS 2 [6] However, although it can work at 
temperatures approachmg 1000 °C, for consistent use it is currently limited to 750 °C for both smgle 
spot measurements and imagmg Robust coatmgs, new phosphor formulations and higher 
temperature operation for both imagmg and smgle spot technologies are needed to extend the upper 
temperature to 1250 °C brmgmg many relevant applications m its purview e g steel processmg and 
marme manufacturmg

4 New Al techmques are needed to address specific thermometry challenges

o Startmg with EMRP project ENG08 MetroFission and further developed by EMPÍR project 
14IND04 EMPRESS, self-validatmg thermometers which make use of an m-situ invariant 
temperature reference to overcome calibration dnft háve been developed to the point where 
they are viable m mdustnal apphcations, and recent mdustry tnals m aerospace heat treatment 
háve proven their robustness and operational effectiveness However, the feature which 
enables m-situ re-calibration, i e the ‘change point', currently can only be identified manually 
by a human operátor Self-validatmg techmques based on change point detection (of in-situ 
phase change materials) need to be automated before they can enter widespread use 
Attempts to develop conventional algonthms for automatmg this process háve failed Al 
methods súch as machme learnmg are needed to determme the change point and its 
uncertamty Súch automation is identified as a priority m the European Metrology NetWork 
(EMN) for Mathematics and Statistics (MATHMET) Stratégie Research Agenda [28]

o The efficiency and effectiveness of noxious emission reduction of combustion processes 
e g , waste mcmeration for heat and electncity production are strongly dependent on 
temperature Gas temperature retnevals are mostly hmited to atmosphere and planetary 
research and applications In mdustnal apphcations local and effective gas temperature 
measurements are frequently made with use of a) thermocouples (suction pyrometers) and 
b) hand-held IR pyrometers, respectively The former is tíme consummg and prone to possible 
sensor contammation and blockmg, while the latter can only give an overall picture of 
maximum gas and effective particle temperatures m distnbuted mdustnal systems súch as 
boílers (power plants and waste memerators) and large-scale high-temperature (glass, steel, 
gas-reformmg) production Non-umform temperature profiles can reduce NOx removal 
process efficiency (so-called SNOR or SCR processes) and lead to mcreased reagent 
(ammoma, urea) consumption and unnecessanly high NOx/NHs emissions Infrared 
spectroscopic techmques are promismg but the iterative algonthms needed to extract the 
temperature are far too slow to be used m reál tíme New machme learnmg approaches are 
needed to speed them up
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o Reference surfaces for cahbration of thermal imagers and phosphors are extremely difficult to 
implement in practice due to heat flow effects which make it difficult to determme the areal 
súriace temperature distribution, and the effect of placmg items m physical contact with them

B2.d Progress beyond the state of the art
EMRP projects IND01 HiTeMS [29] and ENG08 MetroFission [30], and EMPÍR projects 14IND04 EMPRESS 
and 17IND04 EMPRESS 2 [4-6] brought together European activity m practical mdustnal thermometry to 
overcome a suite of specific, documented process control challenges Some of those developments háve 
reached maturity, but for others, includmg surface temperature measurement, múch remams to be done to 
enable compames to achieve efficiency and accuracy goals set both mternally and externally by e g EU 
regulations Some, súch as self-validatmg thermocouples and mfrared spectroscopic gas thermometry, are 
approachmg maturity and commercialisation but are bemg held back by Software considerations and emergmg 
Al techmques are needed to overcome these limitations This will be done by substantially extendmg the state 
of the art in traceable surface temperature, by mtroducmg a completely new practical primary thermometer 
based on the measurement of Johnson noise, and by implementing applications of artificial mtelhgence to 
enable automation of new in-situ traceable thermometry

WP1: Thermal imaqinq: Due to the uncertam (often unknown) emissivity and reflected background thermal 
radiation, thermography can suffer from uncertamties m excess of 100 °C even at relatively modest surface 
temperatures This project will overcome these difficulties by employmg thermographic phosphors m the form 
of a coated area m the field of view of the thermal imager By usmg the phosphor (which is immune to the 
above confoundmg mfluences) to measure the surface temperature, the temperature mdicated by the thermal 
imager can be calibrated by adjustmg the emissivity settmg, thus determinmg both the true surface temperature 
and emissivity simultaneously, dramatically reducmg the measurement uncertamty to a target of around 5 K 
To facilitate this, capabilities for measunng the emissivity of both the surface under mvestigation and the 
emissivity of the phosphor itself - which are both needed for the thermal imager correction - need to be 
estabhshed, as well as the effect of perturbmg environmental mfluences súch as surroundmg gas and humidity, 
these factors can limit the achievable uncertamty m the temperature measurement

• NPL will develop ITS-90 traceable cahbration targets [31] Emissivity measurements of the phosphors 
at PTB will enable a thermal model of the cahbration targets to be developed, facíhtatmg the connection 
between contact and non-contact thermometry

• The emissivity of commonly mdustnally used matenals under controlled environmental conditions súch 
as pressure, relative humidity, and temperature will be measured by PTB The reference emissivity 
data set will be made available on the Zenodo repository This Information will help mdustry to reduce 
the uncertamties and to extend the scope of apphcation of non-contact thermometry

• The Virtual source method developed by SMU [32] provides an mdependent traceability path for 
emissivity measurements, albeit with larger uncertamties than the estabhshed emissivity measurement 
methods It is based on Kirchhoff’s law and mcorporates a comparatively low-cost approach for 
mdustnal apphcations This method will be vahdated with uncertamty of the order of 0 5 %

• Large-area flat-plate reference blackbodies will be developed by VTT and Beamex In conjunction with 
a digital twm of these devices, the temperature and heat flux distnbution on the surface can be 
calculated The blackbody sources will provide a compensated, high-resolution surface with a known, 
traceable thermal radiation temperature This will be vahdated by companson measurements by NPL 
and PTB The last key companson of radiation thermometry was EUROMETT-S1 almost 20 years 
ago [33] In this project, PTB, NPL and CMI will aim to estabhsh, for the first tíme, prototype Cahbration 
and Measurement Capabíhties (CMCs) for thermal imager cahbrations by performmg a pilot study 
companson

WP2: Practical primary thermometry: The redefmition of the kelvin m 2019 m terms of the Boltzmann 
constant opened the way for practical benefits through stimulatmg the development of practical primary 
thermometers which measure temperature directly mdependent of any temperature scale Primary 
thermometry therefore offers the possibility of a method that is free from cahbration and is free from cahbration 
dnft m harsh environments The type closest to commerciahsation is the Johnson noise thermometer (JNT) 
The temperature-dependent voltage ansmg from thermal motion of electrons can be measured, and 
thermodynarnic temperature determmed from first prmciples Because all parameters associated with the 
thermometer which are degraded by harsh environments can be measured, a dnft-free thermometer with 
contmuous reference to the SI umts based on fundamental constants can be implemented Several JNTs exist 
m NMI laboratones, but they are essentially large physics expenments and are far from practical for mdustry 
Four practical JNTs are currently actively bemg developed (by members of this consortium Metrosol and NPL, 
PTB, UL and CMI) which are portable and practical to operate [23] This project provides an opportumty for 
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Európe to také a global lead m implementing practical pnmary thermometry m industry by developing practical 
systems for harsh environments

» The basio pnnciple of the PTB dual-mode auto-calibratmg resistance thermometer (DART), a joint 
JNT and resistance thermometer, and its electncal calibration háve already been discussed m several 
publications [24] However, the experiments presented were carned out with simplified prototypes 
which did not háve the complete functionality of a practical noise thermometer In this project a 
complete noise thermometer with traceable operations of the fmal inštrument will be demonstrated

• The JNT bemg developed by Metrosol and NPL (IJNT) is aimed at practical mdustnal use [34,35] 
Currently it is a pure JNT, not dual móde This thermometer has already had some testmg at EMC 
facilities Several factors limitmg accuracy, calibration of the electromcs, and improved stability forthis 
thermometer need to be developed Use m harsh environments súch as high temperature, nuclear 
and challengmg EMC environments (for example an mduction furnace) needs to be demonstrated

• The JNT bemg developed at UL (ULNT) is also aimed at practical mdustnal use, usmg low-cost 
components súch as a PC sound card It operates over the temperature range from -196 °C to 300 °C 
The uncertamty is approximately 0 5 °C The device uses a relatively small 46 kHz bandwidth, a key 
aim is to mtegrate this low-cost device with a practical próbe suitable for mdustnal use and validate it

o The JNT at CMI (CMINT) uses a 130 kHz bandwidth and consists of two identical amplifiers It has 
been tested over the temperature range from -196 °C to 200 °C and a key aim is to mtegrate the 
electromcs with a practical próbe suitable for mdustnal use and validate it

This project will build on the existmg JNTs by extendmg their temperature range (which is currently 0 °C to 
about 150 °C) up to 1200 °C, greatly mcreasmg the range of applications m which they can be applied A 
common theme for all four JNTs is the development of robust sensor element and próbe assembly 
Conventional wire-wound resistive sensors and a completely novel sensor usmg graphene [36] will be 
developed Boron mtnde encapsulated graphene devices are robust agamst oxidation and can sustam high 
lattice temperatures up to about 1300 °C without degradation [37] and their resistance can be tuned to match 
the requirements of the measurement setup This will be mcorporated m practical, robust próbe assembly and 
tested m harsh environments

Equally importantly, traceability of the Johnson noise voltage measurement and resistance measurement to 
electncal standards will be developed jomtly by the project participants to ensure the accuracy and traceability 
of the JNT measurements As the small signál m JNTs can easily be distorted by electromagnetic mterference, 
testmg m very high power electncal and mduction furnaces will allow for unprecedented realistic testmg of the 
suitability of the practical JNT m a very harsh environment The participants will also assess the effect of high 
temperatures and lomsmg radiation environments These three types of tests reflectthe most likely stakeholder 
mterest

WP3: Phosphor thermometry to 1250 °C: Thermographic phosphor thermometry wiíl be developed for 
operation at higher temperatures than previously attempted to validate surface temperature spot 
measurements and 2D mappmg, and to provide an m-situ reference temperature 'spots' to facilitate qualitative 
thermal imagmg The maximum contmuous temperature is currently 750 °C with mtermittent use to 1000 °C, 
this project will elevate the maximum contmuous temperature to a target of 1250 °C This will be through 
development of enhanced mstrumentation, robust coatmg formulations and application methods, and 
phosphor formulations that exhibit sufficient fluorescence at elevated temperatures These will be 
demonstrated through m-process implementation m a range of manufacturmg field tnals The techmques 
developed will be applied to practical devices for calibratmg end-user thermometers, mcludmg contact surface 
temperature probes, ultimately for implementation as ISO 17025 [38] compliant Services

WP4: Artificial intelliqence: Al is mcreasmgly bemg used throughout society, and techmques are now 
available that can be adapted to solve some specific thermometry challenges m this project

• Self-validatmg thermocouples are now mature To enable their automation, an algonthm was recently 
developed, usmg traming data from aerospace heat treatment tnals [39], which uses machme learnmg 
to locate a smgle mstance of a meltmg plateau and automate the correspondmg m-situ recahbration 
This algonthm showed promismg results úpon data drawn from a smgle mdustnal furnace 
environment However, the algonthm needs to locate multiple meltmg plateaus and perform well 
across a range of mdustnal scenanos This will be achieved by enhancmg the algonthm to make it 
robust to a wide range of mdustnal furnace environments

• EMPÍR project 17IND04 EMPRESS 2 pioneered the traceable measurement of temperature profiles 
along a path m combustion environments with a proof-of-concept demonstration m waste mcmeration 
Improved Al techmques to retneve the temperature profile from the spectroscopic mfrared 
measurements m these highly dynarnic environments will be developed, to enable development of 
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simplifled equipment and compact, low-cost instrumentation The temperature of the boder/combustor 
walls is also needed m temperature profile retnevals, and the phosphor thermometry and emissivity 
measurements m WPS will be employed These measurements cannot currently be performed m 
real-time, machine learning will enable faster processmg to enable real-time thermometry

• Reference surfaces which can be mserted m conventional dry-block calibrators will be developed 
which makes use of Al (a neural network) to mterpolate between the temperatures mdicated by a 
network of embedded sensors m order to establish the areal temperature distnbution at the surface 
This will complement the thermal imaging and phosphor thermometry developments to enable 
manufacture of a practical, low-cost calibration device

B 2. e Gender dimension
The research and mnovation made m this project is not based on gender dimension data or activities and will 
not produce statistics, tables etc focusmg on gender differences Practical thermometry approaches for the 
determmation of temperature m mdustnal settmgs are gender neutrál

Whilst the actual research itself m this project does not háve a gender dimension, the impact of this project 
could háve some implications on gender dimensions as several key apphcations are related to mcreasmg 
efficiency of high energy mdustnal processes, and hence the goals of the European Green Deal

Currently, the reduced availability of fossil fuels (e g Russian natural gas) has resulted m a surge m electncity 
pnces This has had unfortunate consequences for people with low mcomes The number of people m Európe 
who were unable to keep their homes adequately warm mcreased to 9 3 % m 2022 [40] Energy poverty makes 
the gender gap bigger and more senous worldwide, 1 3 bilhon people m developmg countnes live m poverty 
Around 70 % of these are women Accordmg to the latest research, women are more likely to fall mto energy 
poverty as they are the mam users and producers of household energy In Európe smgle mothers and older 
women are particularly affected The risk of energy poverty is higher m smgle-parent families (80 % of them 
are made up of women) and for older women due to a higher life expectancy and lower pensions than men 
[41] Thus, as mdustry accounts for almost a quarterof energy consumed withm the EU, with energy Industries, 
manufacturmg, and mdustnal processmg accountmg for two thirds of greenhouse gas emissions [16] the 
potential gam from improved energy efficiency is sigmficant and will mean reduced energy consumption and 
lower electncity pnces which agam reduces the gender gap m energy poverty

Project results will be valuable and relevant for all m mdustry and m temperature metrology, regardless of their 
gender Regardmg the implementation and dissemmation of the results, the project will target its dissemmation 
and impact activities equally to all genders

B2.f Open Science
Durmg the lifetime of this project, open Science practices will be implemented as integrál parts of the 
methodology As stipulated m the Partnership Grant Agreement (Annex 5) and planned m the data 
management plaň (DMP), the data and other research outputs generated m the project will be managed 
responsibly, m Ime with the FAIR prmciples Open access will also be provided to scientific publications under 
the conditions set m the Grant Agreement (Annex 5)

In addition to the mandatory open science practices, the project will implement the followmg practices

Early and open shanng of research

Pre-prmts of the project manuscnpt(s) will be submitted to a suitable open access platform, m order to 
accelerate the dissemmation of results, ahead of publishmg Preprmts will be submitted by the project to widely 
used and accessible repositones, e g arXiv and engrXiv, which are most relevant to the stakeholders 
communities

Measures to ensure reproducibility of research outputs

The project will provide Information about the research outputs/tools/mstruments needed to validate the 
conclusions of scientific publications or to validate/re-use research data

The project will provide digital or physical access to the results needed to validate the conclusions of scientific 
publications

The project will ask its Stakeholder Commumty to provide mput and feedback on the projecťs work plaň to 
support the robustness and reproducibility of its methods and research outputs

All participants are either accredited to, or work m compliance with, ISO/IEC 17025 'Testmg and calibration 
laboratones’ This enables the participants to demonstrate that they operate competently and generate valid 
results, thereby promotmg confidence m their work
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Rehability and reusability of the projecťs results and methods will be demonstrated not only by the peer-review 
process but also by venfication of the projecťs outcomes through standardisation committees that the project 
disseminates to

Providmg open access to research outputs

In addition to providmg open access to scientific publications under the conditions m the Grant Agreement, 
where appropnate, the project will provide open access to its research outputs via the Honzon Results Platform 
and/or the EOSC Portál, an EC mitiative aimed at promotmg open Science practices

Furthermore, the project will provide free links to the projecťs reports on the project website and project 
participants' websites to promote their availability to stakeholders

Participation m open peer-review

The project will mclude Open Research Európe (ORE) as a possible targetJournal for the projecťs publications 
ORE is an open peer-review Journal recently set-up by the EC for use by their projecťs participants It is a 
no-fee, open access, peer-reviewed publishmg venue for EU-funded research, where reviewers’ comments 
and recommendations and authors’ feedback are open for others to view

Involvmg all relevant knowledge actors in the co-creation of R&l agendas and contents

Project workshops involvmg key stakeholders and end users will be held to gam mput and feedback on the 
projecťs work plaň, results and impact activities

The projecťs Stakeholder Commumty will provide mput and feedback to the project m order to support its work 
plaň, results and impact activities This will be effected through direct commumcation with the consortium, 
either via the project website where comments can be made or direct to the coordmator

Further to this, the project will use social média and knowledge shanng channels (e g ResearchGate, 
Lmkedln) to mvolve stakeholders and gam their feedback on and mput to the project

Research mobility between the participants from NMIs/Dls will be used to support the transfer of knowledge 
between these commumties

B2.g Research data manaciement and management of other research outputs
Types of data/research outputs

Data/research outputs generated m this project will be from measurements, cahbrations and compansons, and 
processed and computed data The project will collect the followmg types of data images m JPEG formát, 
numencal data m ASCII formats and other propnetary formats e g COMSOL Research outputs will mclude 
new Software, new calibration methods and protocols The estimated overall size is expected to be m the range 
2 GB-20 GB Existmg data sources mclude participanťs pre-existmg data, scientific literatúre, real-world data 
Data generated m this project will not be combmed with existmg data

Fmdability of data/research outputs

The data/research outputs (protocols, reports, Software, trainmg matéria!) will be fmdable as each will be 
identifiable with a DOI, Commit/tag, Handle, persistent and umque identifier The metadata will provide 
Information on the followmg datasets (descnption, dáte of deposít, author(s), venue and embargo), the 
European Partnership on Metrology fundmg, grant project name, acronym and number, licensmg terms, 
persistent identifiers, the authors mvolved The data wilí be identifiable and locatable by means a DOI Imk 
available through the Zenodo platform Where possible, keywords associated with the páper Imked to the data 
will be mcluded All the datasets will provide version numbers and the version history Where apphcable, the 
metadata will mclude persistent identifiers for related publications and research outputs

Accessibility of data/research outputs

All of the data needed to validate the results presented m scientific publications/research outputs will be made 
openly available by default unless there is a specific reason not to publish them Other data/research outputs 
will be made available on a case-by-case basis if relevant for third parties The coordmator and relevant 
participant(s) will be responsible for IPR / access considerations Open access will be decided on a case-by- 
case basis and agreed with the data owners (for cases where confidentiality is required for propnetary 
Information) Open access will be granted as soon as is reasonably possible If necessary, open access will 
not be provided to some of the data/research outputs due to IPR considerations (e g whilsta patent application 
is pendmg) The data/research outputs will remam accessible for the lifetime of the repository
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There are no restnctions on the use of the published data/research outputs for venfication purposes, but users 
will be required to acknowledge the project and the fundmg source m any resultmg publications, accordmg to 
the Creative Commons Attnbution International Public License (CC BY) 4 0

Interoperability of data/research outputs

The datasets will use the trusted repository’s basio metadata schéma for administratíve data, which is 
compliant with the recommended standards Durmg the project, umque metadata vocabulanes, standards and 
methodologies will be followed, e g the International Vocabulary of Metrology (VIM) document Other 
methodologies súch as GUM and ISO 9001 will be used to allow interdisciplinary interoperability The projecťs 
datasets will not mclude any references to other datasets

Reusability of data/research outputs

Creative Commons Attnbution 4 0 International hcense will be used as the basis for licensmg the data and 
permittmg the widest re-use possible The data will be re-usable as soon as it is published m the repositones 
Any data published m open-access journals and made available to third parties will be re-usable If an embargo 
is required to allow tíme to publish or seek patents, the consortium will try to facilitate the requirements m the 
shortest possible tíme

Users will be required to acknowledge the consortium and the source of the data m any resultmg publications 
Availability of tools, Software and models for data generation and validation, mterpretation, and re-use 
Templates will be documented with embedded mstructions rather than with separáte README files to maintam 
reusability by mmimising the number of files required The data will be m a common formát and can be read 
usmg widely available Software (open source or commercial) The data that does not relate to peer-reviewed 
publications will be made available for re-use on a case-by-case basis

Curation and storage/preservation costs

The curation and storage costs for makmg the data and research outputs Fmdable, Accessible, Interoperable 
and Reusable (FAIR) will be mimmised by usmg Zenodo (https //zenodo orq/), and by makmg only relevant 
data and outputs FAIR Pnvacy of data subjects will be secured by followmg the General Data Protection 
Reguíation (Regulation (EU) 2016/679 of the European Parliament and of the Council) The consortium 
members háve measures m plače to ensure data protection

Participant, person or team responsible for data management and quahty assurance

This consortium will not establish a Data Access Committee The coordmator will háve overall responsibility 
for the management of data/research outputs and quality assurance The coordmator will be responsible for 
coordmatmg updates to the data management plaň and for decidmg on a case-by-case basis which 
data/research outputs will be kept and for how long The participant(s) that produced the data will be 
responsible for orgamsmg backup and storage, archivmg, and for depositmg the data/research outputs withm 
the chosen repositories

B3 Potential outcomes and impact from the project

B3.a Projected outcomes for industrial and other user communities
There will be a direct impact on the practice of industrial thermometry for improved process control

• Improved surface temperature measurement capability through usmg phosphor thermometry m the 
field ofview of thermal imagers m conjunction with substantially improved charactensation of emissivity 
of both the surfaces and the phosphors m the image will facilitate traceable quantitative thermography 
Pubhcation of spectral, angular and hemisphencal emissivity for key engmeermg materials will give an 
immediate step-change improvement m quantitative thermography This will enable improved 
thermometry for a wide range of processes mcludmg, but not limited to, heat treatment, nuclear waste 
monitoring, electncal mfrastructure condition monitoring, and healthcare The chief benefits of súch 
improved remote thermometry mclude better product consistency and better efficiency

» Practical JNT offers the potential for drift-free measurement At least two exploitation routes exist 
thanks to the commercial relationship between Metrosol and collaborators e g , Isothermal Technology 
Ltd, and PTB and collaborators e g , Magmcon GmbH, the two collaborators manufacture temperature 
metrology equipment and sell to a global market JNT will be an important tool for process control for 
applications where replacement of sensors is difficult and hazardous (or simply very expensive) 
e g , nuclear power generation and nuclear waste In the longer term it will enable equipment 
manufacturers to mtegrate mto their equipment a practical pnmary reference thermometer The project 
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will demonstrate the utility of encapsulated graphene as a stable sensing element for other types of 
probes (not just JNT)

• In addition to facilitatmg traceable quantitative thermography, improved surface temperature 
measurement capability based on phosphor thermometry will enable reliable surface temperature 
measurement m-process up to 1250 °C through e g , consultancy and measurement Services The 
visuahsation of temperature distribution through coatmg a surface with thermographic phosphor will 
enable improved heat treatment processes, the improved traceability will improve product consistency

• Currently the mabiíity to automate self-validatmg thermocouples is hindenng full commercial 
exploitation The deployment of Al for feature recogmtion will enable full automation and accelerate 
commercialisation It will also provide reliable uncertamty statements which conform to the pnnciples 
of the GUM [42] These aspects will provide the groundwork needed to enable accreditation withm the 
regulátory frameworks (e g , AMS2750F [13]) with which end users mušt comply Usmg self-cahbration 
will reduce the need for expensive recalibration and replacement of thermocouples m high value 
manufactunng [14], advanced manufactunng [15], and other process control applications Impact will 
be through licensmg to thermocouple manufacturers

® Temperature profile retnevals from a smgle line-of-sight gas/combustion process measurement is a 
time-consuming process The use of Al tools will significantly speed up the process by enablmg the 
retneved data to be obtamed m just few seconds or less due to m-advance retneval method traming 
This will open-up many possibilities for mtegration of the developed Al-based approach mto on-lme 
process monitoring and control on mdustnal umts The latter will allow an efficient gaseous emission 
control and reagent consumption optimisation The developed hardware and Al Software can 
potentially lead to new spm-off (commercial) inštrument developments

The project outputs will contnbute to reduced energy use, enhanced quality and yield, reduced waste, and 
lower CO2 emissions These benefits will be demonstrated m a range of mdustnal process settmgs Marme 
construction (BAE), aerospace formmg, forgmg and heat treatment, mduction heatmg, and Steel re-heat 
processes prior to stnp rollmg (STRATH), high value heat treatment (CCPI via theircustomers), electncity and 
heat generation through waste mcmeration (B&W Volund), nuclear power plánt operation (NSC-IM), nuclear 
decommissionmg and waste storage (NPL with the support of collaborators e g , NDA and Sellafield) 
Developments mcludmg improved detector non-umformity corrections (PTB, CMI via manufacturers) will be 
implemented m the products via manufacturers of thermal imager mstrumentation who mtend to be 
collaborators

The direct impact on project participants is very sigmficant The mtroduction of m-situ traceability is embedded 
m all tasks of the project The longer-term impact on mdustry could be very sigmficant with these new 
approaches displacmg current methods of mdustnal thermometry Improved temperature measurement will 
result m tighter process control leadmg to better, more consistent products which m turn enhances 
competitiveness Examples of wider uses mclude the petrochemical mdustry, nuclear power mdustry 
(especially decommissionmg which currently requires widespread process improvements, and small modular 
reactors), shipbuiídmg, aerospace and space, iron and steel manufacture, oil and gas, automotive mdustry, 
consumer electromcs mdustry, metals Industries, refractory msulation manufacture, solar heat capture and 
heat storage, and distnct heatmg/coolmg networks

The consortium will haise closely with EURAMET TC-T and the European Metrology Networks (EMNs) for 
Advanced Manufactunng, Climate and Oceán Observation, and Mathematics and Statistics to maximise 
outreach

B3.b Projected outcomes for the metroloqical and scientific communities
The consortium has representation on the OCT Task Group on Guides on Thermometry which is responsible 
for promotmg good thermometry practice and traceability to the SI by preparmg and publishmg guides on 
thermometry, with an emphasis on secondary thermometry, i e the subject of this project The consortium will 
ensure that CCT members are kept mformed of the project outputs The consortium also has representation 
on the EURAMET TC-T and will ensure that project outputs are widely dissemmated via the EURAMET TC-T 
activities A member of the consortium is also represented on the Inštitúte of Physics Instrumentation Science 
and Technology (ISAT) committee, whose remit is to orgamse meetmgs m the physics commumty and other 
dissemmation activities In addition, a consortium member (NPL) is the pást president of the Inštitúte of 
Measurement and Control (InstMC) [7] and will use that position to promote the project and its outputs to 
members

The project will foster further sigmficant collaborations with the scientific commumty, particularly between 
NMIs/Dls and umversities specialismg m fundamental phosphor thermometry Research outputs will be 
dissemmated via trade journals, peer-reviewed papers, and International conferences mcludmg TEMPMEKO 
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2025 (to mclude a focused ThermoSI session on industrial thermometry), Congrés International de Métrologie 
2025/2027 and the IMEKO World Congress 2026

Practical pnmary JNT will be an important tool for industrial process control but will also háve benefits for NMIs 
and other calibration laboratones as it will elimmate the need for penodíc recalibration of reference 
thermometers and could, m the long term, ehminate the need for expensive, complicated and time-consuming 
International compansons of ITS-90 fixed pomts The route to commercialisation is already well established by 
some of the project participants Uptake of practical pnmary JNT by end users will require a metrological 
framework to establish measurement traceability Súch frameworks are m early discussions, e g , withm the 
CCT This project will pioneer súch frameworks and expedite their development withm the relevant metrology 
and štandard committees, which will enable NMIs and other orgamsations to fulfil quality requirements, súch 
as accreditation to ISO 17025

At the štart of the EMPÍR projects 14IND04 EMPRESS and 17IND04 EMPRESS 2 no NMI had considered 
phosphor thermometry to be a viable practical techmque and now there are at least two NMIs/Dls (NPL and 
DTI) and two umversities (OVGU and STRATH) actively mvolved m the area The area is growmg rapidly as 
mterest from mdustry accelerates, with attendance at the annual International Conference on Phosphor 
Thermometry growmg steadily from 2018 to 2023 Importantly, the improvements m traceable surface 
thermometry will feed directly mto improved calibrations at NMIs and further afield Extendmg the temperature 
range to 1250 °C will mcrease the number of applications e g , vahdation of thermal imagmg over a wider 
temperature range

Traceable quantitative thermal imagmg will be facilitated by improved access to reference artefacts based on 
phosphor, or a flat-plate blackbody with known temperature, which can be placed m the field of view to provide 
a reference temperature, enablmg a calibration which directly pertams to the surface bemg measured 
Published, validated spectrally and angularly resolved emissivity data for key engineermg matenals will further 
improve the accuracy of thermal imagers

One of the direct benefits for NMIs is that this project enables direct engagement with stakeholder needs, 
enablmg the NMIs to shape their work so that it is better aligned with user requirements In-situ traceability 
allows all the capability developed at the NMI to be taken advantage of by users There are a number of smaller 
NMIs m the consortium and their participation will contnbute substantially to capacity buildmg

B3.c Projected outcomes for relevant standards
The availability of more accurate, traceable surface thermometry via phosphor thermometers m WP4, m their 
vanous forms, will greatly enhance the ability of participants to meet the requirements of standards associated 
with pre-and post-weldmg heattreatment temperature, namely BS EN 13445 [8], ASME VIII [9], PD 5500 [10], 
and provide confidence to end users and their customers of compliance with the umbrella štandard 
ISO 15614-1 [11] Surface coatmg of marme and aerospace structures is subject to comparable thermometry 
challenges, here the ability to meet the requirements of BS EN ISO 8502-4 2000 [12] will be enhanced

The IEG committee IEG TC 65/SC 65B/WG5 (responsible for IEG 60584 on thermocouples[43], IEC/TS 62492 
on thermal imagers [44,45] and other temperature sensor standards), of which NPL and PTB háve membership 
status, will be provided with updates on the development of automation of self-validatmg thermocouples

This project will háve a sigmficant impact by enablmg Industries to demonstrate compliance to the AMS2750 
[13] processes (governmg aerospace heat treatment) and CQI-9 Heat Treatment System Assessment [46] 
(governmg automotive heat treatment), thanks to greater confidence m the stability of control thermocouples 
used for heat treatment of high value components The relevant Nadcap [47] standards committee will be kept 
up to dáte with project developments relatmg to self-calibration thermocouples

More broadly, the participants who are members of techmcal committees (see table below) will mform them 
about the results of this project and will endeavour to ensure they are mcorporated m any updates to the 
standards or guidelmes, for example by askmg the chairperson to mclude a point m the agenda to bnefly 
present the outputs of the project related to the workmg group activities and to ask for comments from the 
other committee members
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Standards 
Committee / 
Technical 
Committee / 
Working Group

Participants 
involved

Likely area of impact / activities undertaken by participants related to 
štandard / committee

IEC TC 65 
Industnal-process 
measurement, 
control and 
automation 
SC 65B 
Measurement and 
control devices
WG5
Temperature 
sensors and 
Instruments

NPL, PTB IEC TC 65/SC 65BA/VG5 meets annually The underlymg work necessary to 
begm development of a new IEC standard(s) governmg self-vahdatmg 
thermocouples and JNT, for which there are no existmg frameworks, will be 
undertaken NPL and PTB contnbute to this committee
Thermal imagmg developments will ultimately feed mto IEC/TS 62492-2 2013 
which is due an update, IEC/TS 62492-1 2008, and mdirectly IEC 62828- 
3 2018 [48]

Consultative
Committee for 
Thermometry (OCT)

NPL, PTB, 
VTT, CMI, 
SMU, NSC-IM

CCT meets bienmally The committee establishes the framework for improved 
temperature measurement and improved traceability to the International 
System of Umts (SI)
Several of the NMI participants m this project are delegates to the world’s 
leadmg committee for temperature measurement, the Consultative Committee 
of Thermometry (CCT) The work of the CCT is very important for settmg the 
framework for improved temperature measurement and is very supportive of 
all efforts to achieve and improve traceability to the International System of 
Umts (SI) The outcomes of this project will be presented to the CCT mamly 
through its Working Groups and Task Groups which many of the NMI 
participants sít on and m one čase chairs (NPL chairs WG5 on non-contact 
thermometry)
Two briefing reports will be submitted to the CCT on the state of the art of

• Practical Johnson noise thermometry (A2 3 4), which is of special 
mterest to the International metrology commumty

• Practical phosphor thermometry (A3 2 5), which is currently under- 
represented m CCT discussions and documentation

EURAMET 
Technical 
Committee for 
Interdisciplmary 
Metrology (TC-IM) 
Metrology for Digital 
Transformation 
(WG M4D)

NPL, PTB, 
VTT, CMI, 
SMU, DTI

This techmcal committee and the workmg group meet twice-yearly and often 
more frequently m the intenm They will be kept up to dáte by NPL, PTB, VTT, 
CMI, SMU and DTI with the machme learnmg and sensor network metrology 
developments to mform wider discussion and consultation over applications of 
these to metrology m generál

EURAMET 
Techmcal 
Committee on 
Thermometry 
(TC-T)

NPL, PTB, 
DTI, CMI, 
SMU, UL, 
VTT, NSC-IM

All the NMI participants m this project are members of the EURAMET TC 
Thermometry (TC-T) EURAMET TC-T will be used as a mechamsm for 
dissemmation of the outcomes of this project to the broader NMI temperature 
measurement commumty
All ofthe EURAMET TC-T commumty will be kept mformed about the progress 
of this project through regular reportmg to the TC-T at the annual meetmg 
Annual oral reports of the project progress will be presented to the committee 
and the participants will be asked for feedback on the work and results 
presented Peer-reviewed papers will also provide a reference for the 
committee
The EURAMET TC-T is the natural plače to identify possible 
secondees/tramees from other NMIs who wish to develop hke capability or who 
may wish to participate m the research underway m this project
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IEC/TC 65
UkrNDNC TK 65

NSC-IM The Ukraiman Research and Traming Center for Standardization, Certification 
and Quality Problems (UkrNDNC) committee on Industrial process 
measurement, control and automation meets bienmally and often more 
frequently m the intenm They establish the framework for improved 
temperature measurement and improved traceability to the International 
System of Umts (SI) and promote excellence in instrumentation and control 
NSC-IM will dissemmate project outputs to physicists, engmeers and scientists 
mvolved m high value manufacturmg and will ask for feedback on the work and 
results presented

IEC/TC 65
Ukraiman National 
Mirror Committee
TK 85

NSC-IM The UkrNDNC committee on Measunng Equipment for electncal and 
electromagnetic quantities meets bienmally and often more frequently m the 
intenm They establish the framework for improved temperature measurement 
and improved traceability to the International System of Umts (SI) and promote 
excellence m instrumentation and control NSC-IM will dissemmate project 
outputs to physicists, engmeers and scientists mvolved m high value 
manufacturmg and will ask for feedback on the work and results presented

VDI - The 
Association of 
Germán Engineers

PTB This association meets four times per year PTB is a member of the techmcal 
committee “FA 8 14 Radiation thermometry and thermography” PTB will 
dissemmate projects outputs to the association and will ask for feedback on 
the work and results presented

IMEKO TC12
Temperature and
Thermal
Measurements

DTI The committee meets irregularly and will physically meet m 2025 It provides a 
fórum for the orgamsation of International scientific events m temperature and 
thermal measurements TC12 orgamses a mam symposium (TEMPMEKO) 
every three years and other speciahst scientific events (workshops, semmars) 
DTI will promote the project and its work to this fórum

Nadcap/SAE CCPI, NPL Nadcap/SAE meets annually CCPI and NPL will endeavour to raise 
awareness of relevant developments and testmg of self-vahdatmg 
thermocouples withm the Nadcap community, with the ultimate goal of feedmg 
developments mto future updates of the AMS2750 štandard CCPI is a 
member of the committee responsible for AMS2750

B3.d Projected wider impact of the project
The impact of this project would be significant for the industrial and commercial participants but would also 
háve sigmficant spmout to mdustry and to the manufacturing ecosystem more generally It should lead to 
improvements by facilitatmg more precise and efficient manufacture and process control and lower energy 
use, specifically by allowmg tighter process control yleldmg better, more consistent quality products, reduced 
waste, improved safety margms and lower greenhouse gas and pollutant emissions More efficient processes 
directly cause a reduction m greenhouse gas emissions

The mtroduction of m-situ traceability to ITS-90 or directly to the kelvin is a fundamental part of all tasks of this 
project, which will ensure better consistency across the range of processes impacted Examples of wider uses 
mclude the petrochemical mdustry, nuclear power mdustry (especially decommissionmg which is currently the 
subject of widespread process improvements, and small modular reactors), shipbuildmg, aerospace and 
space, cement manufacture, iron and Steel manufacture, oil and gas, automotive mdustry, consumer 
electromcs mdustry, metals Industries, solar heat capture and heat storage, solar photovoltaic panel 
manufacturmg, and heatmg networks to name but a few

Society as a whole - and mdustry m particular - is mcreasmgly reliant on sensors for a very wide range of 
monitoring and control applications This leads to a requirement for mechamsms to ensure these sensors are 
'nghť Practical, dnftless temperature sensors with embedded SI traceability address this need where 
temperature measurements are cntical and constitute a key component of the Internet of Thmgs (loT), 
providmg measurement assurance at the point of delivery

Economíc

Európe has a very strong high value/advanced manufacturmg base when seen m a global context Industry 
provides 36 milhon direct jobs [49], and 80 % of priváte R&D mvestment comes from manufacturmg [50] Its 
aerospace and space mdustry supply chams extend throughout Európe and are largely knowledge-based 
Industry’s mteractions with the rest of the economy are far-reachmg, spannmg upstream to raw matenals and 
energy, and downstream to Services EU compames cannot compete on low pnce and low-quality products, 
they rely on mnovation, productivity, resource efficiency and high value added [51] to compete m global 
markets Enhancement of efficiency m processes will breed mnovation and technological Solutions, with a 
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resultmg improvement m the competitiveness of mdustry across the EU This m turn boosts economíc output 
and growth and creates high qualityjobs m several sectors

The EU has a vibrant sensor manufactunng base, the global market for temperature sensmg alone is estimated 
to be worth €4 5 billion, sensors for monitoring process vanables account for the majority of this EU sensor 
manufacturers can také advantage of the mnovations m this project through licensmg and sellmg novel and 
improved sensors m the global market

Európe is currently at the forefront of development of practical primary thermometry and this project represents 
a umque opportumty to consolidate that position, bnnging together the key elements of mnovative compames 
with global commercial distribution networks, mnovative NMIs with electncal and thermometry know-how, and 
umversities with a novel próbe technology to facilitate access to hitherto unreachable temperatures

Environmental and social

Cheap energy has been integrál to the success of the EU, but energy production has downsides as well as 
benefits, chiefly air pollution which causes premature death [52], accidents (along the supply cham) and 
greenhouse gas emissions[53] This potentially leads to long-term health, social, and economíc effects ansmg 
from climate change [54]

Industry accounts for almost a quarter of energy consumed withm the EU, with energy Industries, 
manufactunng and mdustnal processmg accountmg for two thirds of greenhouse gas emissions As a result, 
any improvement m thermometry, which is the key process control parameter for many of these Industries, will 
háve a direct positive impact on greenhouse gas emissions

Thermometry is also cntical for safe, efficient operation and decommissioning m the nuclear power sector 
Nuclear power remams an important part of the energy mix m a number of European countnes, and 
thermometry of nuclear waste storage contamers is currently attractmg a large amount of mterest, 
demonstratmg a need for robust and low uncertamty implementation of traceable and stable thermometry 
techmques This is required for tens, possibly even hundreds of years or more, until planned underground 
storage repositones are built and commissioned The measurement of temperature is a key assurance 
monitoring parameter for súch storage contamers, so alternatíve methods súch as JNT, quantitative thermal 
imagmg and phosphor thermometry will enable thermometry m this harsh environment without the problems 
associated with conventional thermometry

Energy efficiency is directly linked to reduced carbon emissions [55], meetmg the EU’s goals for reduction by 
e g the Integrated Pollution Prevention and Control (IPPC) Directive 2008/1/EC [56], recast as 2010/75/EU m 
2010 [57], requires a minimum efficiency level m energy use and emissions The European Directive 
2012/27/EU [58], whose 2018 amendment came mto force m December 2018 with even more ambitious 
targets for energy efficiency, and which was required to be transposed mto national law by Member States by 
the 25th of June 2020, imposes very ambitious targets for energy efficiency across a wide range of applications 
Expertise m energy efficient processes is very likely to be a growth area m the near future [17], and therefore 
the advanced measurement technology to be developed m this project will give a competitive edge to European 
Industries

The dnftless thermometry objectives (development of practical Johnson noise thermometers and developed 
of autonomous Al-dnven self-validating thermocouples) are also applicable to needs identified for m-situ 
calibration and measurement m the European Metrology NetWork (EMN) for Climate and Oceán Observation 
(page 20) [59]

Gomg forward, global factors súch as climate change, growmg populations and pandemics will mcrease the 
vulnerabiIity of global supply chams European consumers will call for products that meet higher environmental 
standards across the entire product life cycle [60], and environmental regulations will become ever stncter 
Manufacturers will therefore need to stave for greater efficiency m their use of materials and energy, and tighter 
process control, both of which require improved thermometry
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B3.e Summary of the projecťs impact pathway

SPECIFIC NEEDS

What are the specific needs that tnggered 
this proiect?

The European Directive 2012/27/EU 
imposes very ambitious targets for energy 
efficiency across a wide range of 
apphcations The mtegrated Pollution 
Prevention and Control (IPPC) Directive 
2008/1/EC, recast as 2010/75/EU m 2010 
, requires a minimum efficiency level m 
energy use and emissions Furthermore, 
the EU’s aim of making the 2020s 
Europe’s 'digital decade’, and its 
associated airns and directives, are key 
dnvers for digital and Al developments

Accurate, traceable súriace temperature 
measurement with quantitative thermal 
imagmg from -100 °C to 500 °C

Practical mdustnal thermometry that is 
mherently free of cahbration dnft

Accurate, traceable emissivity-free 
thermometry for surface temperature 
measurement up to 1250 °C

A suite of artificial mtelhgence methods to 
enable automation of

• self-vahdatmg thermometry usmg 
phase-change celíš

• gas temperature retnevals with 
mfrared spectroscopic techmques

• reference surface for practical 
cahbration of thermal imagers, 
phosphor thermometers and 
contact probes

EXPECTED RESULTS

What results do you expect to generate by the 
end of the project?

Practical quantitative thermal imagmg 
usmg m-situ references, mcludmg 
spectral, angular and hemispherical 
emissivity datasets for several key 
engineermg materials and selected 
phosphors

For the first tíme, prototype Cahbration 
and Measurement Capabilities (CMCs) for 
thermal imager cahbrations by performing 
a pilot study companson

Elevated operational readmess of 
practical JNT for use m mdustnal 
environments at temperatures up to 
1200°C

Phosphor thermometry up to 1250 °C

The use of machme learnmg for 
automation of self-vahdatmg 
thermometers, mcludmg čase studies m 
mdustnal heat treatment plants

Al-dnven reference surface for cahbratmg 
thermal imagers and phosphors

Apphcations of Al tools for expedited 
retnevals of gas temperature from hne-of- 
sight measurements

DCE MEASURES

What dissemination, commumcation and 
exploitation measures will you apply to the 
results?

Dissemination towards the scientific 
community and mdustry At least 9 
scientific papers wntten and pubhshed m 
peer-reviewed journals and tradejournals 
Datasets pubhshed At least 20 
presentations of project results and 
fmdmgs at national and International 
conferences Two Stakeholder 
Commumty workshops held durmg the 
project Trammg activities m view of 
capacity buildmg orgamsed, mcludmg 
staff exchanges amongst participant 
mstitutes Trials m mdustry are integrál to 
the project
Čase studies on the use of Al for 
traceable process control thermometry 
will form an important part of the 
dissemmation activities
Dissemmation towards standardisation 
bodies Participation as expert members 
m the activities of the techmcal 
committees and workmg groups 
Reportmg of project results at TC and WG 
meetmgs, m particularthe CCT and IEC 
TC/65/SC 65B/WG5
Communications Project website 
created Newsletters produced promotmg 
the value of the results and outputs 
These will be pubhshed on the project 
website and distnbuted to stakeholders 
Achieved progress regularly 
commumcated by means of the project 
webpage, newsletter and a Lmkedln 
group

Exploitation Products and Services 
prototypes ready for the 
commerciahsation process

• Improved thermal imager capability 
from-100 °C to 500 °C

• Johnson noise thermometers to 
1200°C

• Phosphors to 1250 °C

Pubhcly available spectrally and angularly 
resolved emissivities for key engineermg 
materials

Extended measurement capabilities and 
Services across a European network of 
NMIs
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TARGET GROUPS

Who will use orfurther up-take the results of 
the project? Who will benefitfrom the results 
ofthe project?

• International and European technical 
committees m thermometry CIPM 
Consultative Committee for 
Thermometry (CCT), EURAMET and 
other RMO TC-Ts

• Standardisation committee withm IEC 
TC/65/SC 65B/WG5

• Metrology NMIs/Dls without primary 
thermometry capabilities Stakeholders 
who manufacture temperature 
metrology equipment e g Isothermal 
Technology More widely, the 
measurement supply cham (accredited 
laboratones, inštrument manufacturers)

• Industry Manufacturers and distnbutors 
of temperature sensors
e g beneficianes Metrosol, CCPI, 
Beamex and via collaborators e g 
Isothermal Technology, Kambíc and 
Workswell

• Industry Owners of processes 
mvolvmg harsh environments
e g beneficianes BAE, B&WVoiund

• Industnal communities contemplatmg 
the development of fully autonomous 
production streams, smart monitoring 
Solutions for power plants, nuclear 
waste repositones, etc

Broader society through the stimulation of 
technological mnovation for the European 
manufactunng and supply cham 
(e g smart sensor networks withm the 
systems of systems approach)

OUTCOMES

What change do you expect to see ofter 
successful dissemination and exploitation of 
project results to the target groupfs)?

• The project outputs will support many 
EU directives related to e g Industry 
4 0/5 0, Energy efficiency and CO2 
emissions

• Over tíme, practical pnmary 
thermometry Progressive adoption by 
other users, thus reducmg the reliance 
on traceabíhty to defmed temperature 
scales

• Reduction and even ehmmation of 
dependency on the old “carners ofthe 
scale” sensors

• Reduction m uncertamty of surface 
temperature measurement and 
correspondmg improvement m process 
assurance / rehability

• Improved measurement capabilities of 
participants, and NMIs m generál, for
o Surface temperature measurement 

(thermal imaging, phosphor 
thermometry)

o Process temperature m harsh 
environments (high temperature, 
lomsmg radiation, electromagnetic 
fields)

o Gas and combustion temperature 
measurement

IMPACTS

What are the expected widerscientific, 
economíc and societal effects of the project 
contributing to the expected impacts outhned 
m the work programme and callscope?

• High level measurement capability 
withm the EURAMET región broadened 
to wider range of NMIs with differmg 
capacities

• Scientific Improved efficiency (m terms 
of energy and m terms of product yield 
and quahty) Improved safety

• Economíc Supportmg Europe’s vibrant 
sensor market, reducmg cost of 
processes through reduced energy use, 
reduced process down tíme, improved 
ability to meet greenhouse gas 
emissions hmits

• Environmental and societal Reduced 
energy use, reduced emissions and 
pollution, improved health

• In the long term, development of more 
rehable temperature measurement 
techmques to improve efficiency and 
safety m processes

B4 The quality and efficiency of the implementation

B4.a OverView of the consortium
This project bnngs together eight of the leading national metrology mstitutes (NMIs) and designated institutes 
(Dls) workmg m this field and havmg broad expenence and expertise m physical and Chemical metrology (CMI, 
DTI, NPL, NSC-IM, PTB, SMU, UL and VTT) Four renowned umversities (DTU, OVGU, STRATH and UoM) 
participate and five industnal participants (Metrosol, B&W Volund, BAE, Beamex and CCPI) each are 
speciahsts m their field and representmg inštrument manufacturers and end-users to facilitate uptake and 
demonstration ofthe projecťs developments

» DTI participated m EMPÍR projects 14IND04 EMPRESS and 17IND04 EMPRESS 2 where they 
developed a measurement systém for phosphor thermometry for laboratory and on-site use 
Furthermore, test facilities for surface temperature measurements usmg e g phosphor thermometry 
were established All these facilities will be exploited (WP1, WPS) and further developed (WPS) m the 
project DTI will also support the work m WP4 DTI has a large number of industnal partners and is 
abundantly end-user and impact onented, which will assist the uptake ofthe technologies developed 
m the project (WP5) DTI coordmates the project (WP6)

• CMI provides Services m all basíc fields of metrology, includmg fundamental metrology, development 
of national standards, research and development m metrology, transfer of umts, calibration of 
standards and measunng Instruments CMI wili contnbute to WP1 m close collaboration of local Czech 
manufacturers of thermal imagers for implementation of upgraded non-umformity correction In WP2 
CMI will develop high temperature JNT

• PTB has broad expenence m non-contact thermometry and emissivity measurements and will apply 
this in WP1 and WPS respectively PTB’s expertise m the development of practical metrological 
electromc designs, resultmg m establishmg a JNT for metrological applications, will support the 
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planned activities m WP2 In WP4, PTB will apply its 20+ years of expenence m optical spectroscopy 
to focus on H2O measurements for spectroscopic gas temperature measurements

» SMU has expenence m multiple EMRP and EMPÍR projects m the field of non-contact thermometry 
with specific focus on the determmation of emissivity of matenals Furthermore, SMU has an active 
role m the EURAMET workmg group on thermophysical quantities where it focuses on the emissivity 
of solid matenals SMU will be mvolved m WP1 where it will focus on the determmation of emissivity 
of phosphor matenals

® UL has leadmg facilities for the realisation of the ITS-90 from the tnple point of Ar to the freezmg point
of Cu comparable to the best laboratones m the world In this project, UĽs mam contnbution will be to
WP2, by developmg a high temperature JNT and to WP4, usmg Al for m-situ fixed point celíš

® VTT MIKES division is distmguished for its expertise m SI umt realisations, high-accuracy
measurements, measurement mnovations, digital transformation, and calibration technologies In 
WP4, VTT will concentrate on the conceptualisation and development of an Al-assisted low-cost msert 
for dry-block calibrators This inštrument airns to act as a comparator, Imkmg phosphor thermometry 
with thermal imagmg techmques VTT will also supportwork m WP1 and WPS

® DTU has participated m EMPÍR projects 14IND04 EMPRESS and 17IND04 EMPRESS 2 with a 
particular focus on developmg of mfrared and ultraviolet spectroscopy techmques for the 
measurements of the gas temperature and radiative properties of hot gases m the laboratory and 
mdustnal environments DTU will contnbute to the WPS and WP4 with focus on surface temperature 
and emissivity measurements and use of Al tools for temperature profiles retnevals m mdustnal 
environments DTU will work closely with B&W Volund

• NSC-IM provides Ukramian mdustry with the necessary accuracy and reliability of thermometnc 
measurements NSC-IM will contnbute to WP4 on implementmg self-validatmg thermocouples, with 
particular application to temperature measurement m restncted access environments m nuclear power 
plants at collaborators’ sites

• OVGU’s techmcal thermodynamics team is a world leadmg research group m fluid phase thermometry 
usmg thermographic phosphors mcludmg fundamental techmque development, and application m 
engmeenng with over a decade of expenence OVGU will work on WPS to identity and test suitable 
phosphor matenals, and to identity and test the most suitable measurement method Additionally, 
OVGU will cooperate closely with NPL and DTI m the thermometer development and apphcation

• B&W Volund uses the newest waste-to-energy (WtE) and COz-neutral advancements to produce 
energy more efficiently and sustamably B&W Volund will support the consortium by providmg access 
to WtE mcmerator plants m Denmark and Sweden where there are established access ports for 
measurements B&W Volund will work closely with DTU m WP4, providmg assistance with the on-site 
measurements and msight mto process aspects of inštrument implementation

® Beamex specialises m advanced calibration equipment and Software used m on-site calibrations and 
calibration management m a wide range of Industries In close collaboration with VTT, Beamex will 
work on the development of the Al-assisted mserts for enablmg calibration of thermal imagers with 
dry-block calibrators and associated Al modellmg m WP4 Beamex will also support work m WP1 and 
WPS

• BAE specialises m heavy mdustnal manufacturmg for marme applications Large scale mduction 
annealmg and weldmg facilities are available to the consortium for tnals of phosphor thermometers 
developed m WPS BAE will work closely with NPL BAE is associated to all beneficianes

• CCPI specialises m thermocouple manufacturmg and supplies to a wide range of customers m high 
value manufacturmg sectors Their facility has state of the art manufacturmg equipment and clean 
room environments, as well as a calibration laboratory operatmg up to 1600 °C, mcludmg the (atest 
high temperature fixed pomts CCPI will work closely with NPL, NSC-IM and UL on the self-validatmg 
thermocouples m WP4 CCPI is associated to all beneficianes

• Metrosol specialises m the development of temperature measurement mstrumentation It will develop 
the Johnson noise thermometer electromcs and associated próbe methodology m WP2 with the aim 
of extendmg the temperature range to 1200 °C and establishmg traceability of the electncal noise 
measurements to electncal standards It will work closely with NPL, PTB, CMI, UL, UoM and STRATH 
Metrosol is associated to all beneficianes

• NPL has expertise m its key activities supportmg the development of practical Johnson noise 
thermometry and probes (WP2), development of new thermal imagmg techmques (WP1), 
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self-vahdating thermocouple manufacture and calibration, and machme learnmg approaches to their 
automation (WP4), phosphor thermometry mcludmg calibration of the phosphor itself (WP1 and WPS) 
NPL will provide an lomsmg (gamma and neutrón) radiation facility m WP2 for assessmg the immumty 
of mstrumentation developed m the project NPL will work closely with PTB, BAE, CCPI, Metrosol, 
STRATH, OVGU and UoM NPL is associated to all beneficianes

• STRATH m this mstance compnses of the Advanced Formmg Research Centre (AFRC) which is an 
R&D mcubation facility with full production scale manufactunng equipment e g aerospace heat 
treatment furnaces and forming ngs, which will be made available to participants across all four WPs 
for tnallmg project outputs STRATH will also lead WP5 on impact STRATH is associated to all 
beneficianes

• UoM will work closely with NPL and Metrosol m WP2 on the development and testmg/charactensation 
of encapsulated graphene sensmg elements and próbe assembly for the JNT usmg their umque 
graphene fabncation and encapsulation facilities, including the National Graphene Inštitúte UoM is 
associated to all beneficianes
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Section C: Detailed project plans by work package

C1 WP1: Traceable, quantitative thermal imaging from -100 °C to 500 °C
Thermal imaging is widespread, but it is extremely difficult to do quantitatively due to poor knowledge of the 
target surface emissivity, reflections and thermal imager non-uniformity The aim of this work package is to 
develop techmques for traceable quantitative thermal imaging, for the low-to-medium temperature range of 
100 °C to 500 °C with uncertamty less than 5 °C, by usmg objects with known temperature (e g phosphors) m 
the field of view of the thermal imager, mcludmg the emissivity charactensation (e g of the surface or of the 
phosphor itself) and m-situ correction for imager non-uniformity

Task 1 1 identifies suitable phosphors and methodologies for usmg them m the field of view of thermal imagers 
Task 1 2 is concerned with measurmg the emissivity of the target surface and of the phosphor itself usmg the 
vanous methodologies developed Task 1 3 develops methods for thermal imager non-umformity and thermal 
imager cahbration m conjunction with WP4 Task 1 4 bnngs these methods together for direct companson and 
validation

Cl.a Task 1.1: Using phosphors in the field of view of the thermal imagers
Thermographic phosphors offer a solution to the problém of unknown emissivity m thermal imaging The aim 
of this task is to defme the requirements for the thermographic phosphors and identity the phosphors holding 
these properties Based on the identified phosphors, cahbration methods for these will be developed by 
defming and quantifymg the key uncertamties súch as the heat flow m the thermographic phosphor and the 
underlymg substráte These fmdmgs will be compared with measurements of thermographic phosphors m 
cavities where the heat flow uncertamties are neghgible To simplify the optical measurements of the 
phosphors, a large-area flat-plate blackbody source that comes with a digital twm will be used

Activity 
number

Activity description Participants 
(Lead m bold)

A1 1 1
M3

NPL, with support from DTI and PTB, will defme the necessary properties 
(e g , wavelength dependent lummescence, fluorescence lifetime, minimum thickness 
of the coatmg, sensitivity) of thermographic phosphors for their use m quantitative 
thermal imaging, and will select the phosphor(s) most suitable for A1 1 2

NPL, DTI, PTB

A1 1 2
M12

Based on the defmed properties and selected phosphor(s) m A1 1 1, NPL and DTI will 
develop ITS-90 traceable cahbration targets for the followmg temperature ranges
a) -100 °C to 20 °C (NPL)
b) -50 °C to 20 °C (DTI)
c) 20 °C to 500 0C (NPL, DTI)
The methods used will mclude the surface temperature extrapolation method usmg 
embedded traceable thermocouples and/or phosphor coatmg embedded m a umform 
temperature cavity

NPL, DTI

A1 1 3
M8

NPL, with the support of DTI, will optimise the bmder/phosphor selection recipe for the 
phosphor(s) selected m A1 1 1 and will evaluate aspects súch as adhesion, cahbration 
cycle stability, durability and temperature sensitivity NPL, with the support of DTI, will 
defme the key uncertamties súch as repeatability, sensitivity and heat flow/temperature 
gradients m the thermographic phosphor and the underlymg substráte

NPL, DTI

A1 1 4
M6

NPL, DTI and PTB will develop a thermal model to assess the relationship between 
phosphor temperature and the embedded traceable thermocouples, to quantify key 
uncertamties súch as repeatability, sensitivity and heat flow/temperature gradients m 
the thermographic phosphor and the underlymg substráte

NPL, DTI, PTB

A1 1 5
M14

STRATH and PTB will mvestigate the properties of a cavity with phosphor and a cavity 
without phosphor, for use m furnaces at STRATH, and will simulate the effective 
emissivity of the furnaces

STRATH, PTB

A1 1 6
M20

Usmg mput from A1 1 1 - A1 1 5, NPL, PTB, OMI, DTI, SMU, VTT, STRATH and 
Beamex will develop methodologies (e g where to put the phosphors m the field of view 
of the thermal imager, how to combme the uncertamties of the phosphor thermometry 
and thermal imager) to employ phosphors for traceable, quantitative thermal imaging 
by placmg them m the thermal imager field of view and assess the uncertamties

NPL, PTB, CMI, 
DTI, SMU, VTT, 
STRATH, 
Beamex
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A1 1 7
M24

In order to assess how the Al techmque functions with thermal imagmg, VTT and 
Beamex will use one of the large-area flat-plate reference phosphor blackbodies 
developed and connected to a dry-block calibrator m A4 3 2 m conjunction with a digital 
twm developed m A4 3 3 to compensate for deviations m the reference temperature (to 
assess thermal contact resistance, i e thermal perturbations due to contact/phosphor 
spot) The Al techmque will act as another reference Service The output will be a 
compensated, high-resolution surface with a known, traceable temperature VTT and 
Beamex will assess the uncertamties

VTT, Beamex

Cl.b Task 1.2: Emissivity characterisation of a) the surface and b) the phosphor itself
Quantitative thermal imagmg cannot be performed without knowmg the emissivity of the surface (and any 
phosphors m the field of view), which is often difficult to determme accurately enough The aim of the task is 
to measure the emissivity of the phosphors and common engineenng materials with 3 different methods (PTB's 
Emissivity Measurement m Air Facility apparatus, SMU's Virtual source method, and the method of adjustmg 
the thermal imager's emissivity settmg while viewmg an object of known temperature) Due to the extreme 
difficulty of measunng emissivity, it is necessary to assess the agreement between the different techmques 
This task combmes the three techmques, and then demonstrates how these can be applied to an actual m- 
field-of-view reference artefact with known emissivity

Activity 
number

Activity description Participants 
(Lead in boíd)

Al 2 1
M3

NPL wilí prepare from scratch three different metal surfaces (bare metal, bmder only, 
and phosphor coated) for assessment of their emissivity m A1 2 3 and A1 2 5

NPL

A1 2 2
M9

PTB, with support from NPL, will select at least 4 samples representative of commonly 
used materials m mdustry (e g , titamum, Steel, alumínium)
PTB, with support from NPL, will measure spectral, angular and hemisphencal 
emissivity m air (20 °C to 500 °C), and m vacuum (-40 °C to ambient) of these at least 
4 samples, using PTB’s Emissivity Measurement m Air Facility (EMAF) At least 3 
samples will be measured m air and at least 1 will be measured m vacuum PTB will 
then assess the effect of vacuum, humidity and gas on the emissivity measurement and 
calibration of the phosphor coatmg (from A1 1 1)
The reference emissivity dataset for key engineenng materials will be made available 
m Zenodo repository

PTB, NPL

A1 2 3
M16

SMU, with support from PTB and NPL, will develop a Virtual source method to determme 
the emissivity of the phosphor(s) selected m A1 1 1 and prepared m A1 2 1 (m air only) 
at elevated temperatures above 250 OC
The Virtual source method will be based on the equivalency of emissivity and reflectance 
accordmg to Kirchhoffs law Furthermore, it provides an mdependent traceability cham 
for emissivity measurements
SMU will apply the method to measure the emissivity of the representative samples 
used m A1 2 2 m air only at temperatures above 250 °C

SMU, PTB, NPL

A1 2 4
M18

SMU will analyse the data obtamed from A1 2 3 and determme the uncertamty budget 
of the developed emissivity Virtual source measurement method from A1 2 3 when 
applied to phosphors

SMU

A1 2 5
M28

NPL and PTB will measure the emissivity of the surfaces from A1 2 1 This will mclude 
usmg methods of a) emissivity deduced from the thermal image (i e , adjustmg the 
thermal imager's emissivity settmg while viewmg an object of known temperature) and 
b) measunng emissivity with PTB’s EMAF equipment The two methods will be 
compared by NPL and PTB

NPL, PTB

A1 2 6
M33

NPL, PTB and SMU will compare the different emissivity determmation methods from 
Al 2 2, Al 2 3 and A1 2 5, and will draft a páper on the results and submit it to a peer- 
reviewed Journal

NPL, PTB, SMU

A1 2 7
M36

NPL and DTI will modify an existmg phosphor thermometer (fibre coupled or camera 
based) to operate below 0 °C and will demonstrate the successful operation over the 
full temperature range (NPL -100 °C to 500 °C, DTI -50 °C to 500 °C) This will feed 
mto A1 2 8

NPL, DTI
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A1 2 8
M36

Usmg mput from A1 2 7 and the different emissivity determmation methods from A1 2 2, 
A1 2 3 and A1 2 5, NPL and PTB will conduct cross-companson thermal imager 
measurements of a ‘reference’ scene (i e , end result) or in-field-of-view reference 
matenals at their respective laboratones m order to estabhsh that the newly developed 
techmques work as mtended

NPL, PTB

A1 2 9
M34

PTB with support from NPL and SMU will collate the emissivity dataset for key 
engineenng matenals (A1 2 2) and the emissivity dataset for selected phosphor 
coatmgs (A3 1 5) mto one dataset
Once agreed by the consortium, the coordmator on behali of PTB, NPL and SMU will 
submit the collated dataset to EURAMET as D1 ‘Emissivity dataset for at least 4 key 
engineenng matenals and selected phosphors, including spectral, angular and 
hemisphencal emissivity’

PTB, NPL, SMU

Cl.c Task 1.3: Scene-based corrections and traceable calibration for quantitative thermal 
imaqinq

The aim of this task is to estabhsh methods to correct for the non-umform response of thermal imaging systems 
usmg Al, increase the range of traceable calibration of thermal imagers, and calibrate the selected phosphors 
from-100 °C to 500 °C

Activity 
number

Activity descnption Participants 
(Lead in bold)

Al 3 1
M18

PTB will employ a scene-based correction method for non-umformity even when there 
is a non-uniform scene and identity the limits when there are e g , sharp edge 
temperature changes that cause artefacts The results will be compared with an ex-situ 
(i e usmg a reference scene without sharp temperature gradients m the lab) 
non-uniformity correction

PTB

A1 3 2
M30

PTB and CMI will implement scene-based non-umformity correction factors obtamed m 
A1 3 1 mto thermal imagers PTB and CMI will contact a collaborator (e g , Workswell, 
AMETEK-LAND) and request their advice/support and the provision of the thermal 
imagers

PTB, CMI

A1 3 3
M18

NPL will extend its range of ITS-90 traceable cahbrations, i e update its ITS-90 
calibration facility, for mfrared thermal imagmg to mcorporate a minimum target 
temperature of-100 °C

NPL

A1 3 4
M24

Usmg mput from A1 3 3, NPL will select a phosphor coatmg and a thermometer best 
suited for given temperature range and calibrate it from -100 °C to 500 “C This will 
mclude reproducibility with thermal cyclmg and development of a calibration uncertamty 
budget, with a target uncertamty of 1 °C

NPL

A1 3 5
M36

In order to assess how the Al techmque can correct the produced artefacts, NPL and 
PTB will measure the temperature distnbution of one of the VTT / Beamex flat-plate 
blackbodies developed m A4 3 2 usmg phosphor thermometry and thermal imagmg 
respectively and will compare their measurements with the predictions of the Al 
algonthm (digital twm) dedicated to the flat-plate m A4 3 3 This will estabhsh new 
methods to correct for the non-uniform response of thermal imagmg systems usmg Al

NPL, PTB, VTT, 
Beamex

C1 .d Task 1.4: Validated quantitative thermal imaging
The aim of this task is to perform a companson of surface temperature measurements usmg the improved 
phosphors, embedded thermocouples and improved thermal imager This will be used to perform a pilot study 
to develop readmess for a future CCT key companson of thermal imagers These activities represent validation 
of traceable, quantitative thermal imagmg, and draw together the emissivity determmations, phosphor 
thermometry, thermal imaging, and reference flat-plate

Activity 
number

Activity descnption Participants 
(Lead in bold)

A1 4 1
M24

NPL with mput from PTB, will perform a companson of surface temperature 
measurements with phosphor thermometry embedded thermocouples and the 
calibrated thermal imager developed m Al 3 4 on the samples tested m A1 2 2, thereby 
vahdatmg the new techmques

NPL, PTB
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A1 4 2
M30

Usmg mput from A1 3 2 and A1 3 3, PTB, NPL and CMI wilf perform a pilot study to 
facilitate readmess for a future CCT key companson on the calibration of thermal 
imagers The pilot study will, on a smaller scale, assess the feasibility of a future key 
companson and will mclude a development of a draft protocol for it This will enable 
PTB, NPL and CMI to validate the thermal imager measurements
A thermal imager calibrated m A1 3 4 and a common ‘štandard’ surface will be used m 
the study, candidates will mclude one of the VTT / Beamex large-area blackbodies 
developed m A4 3 2

PTB, CMI, VTT, 
NPL, Beamex

A1 4 3
M36

PTB, with mput from NPL and CMI, will draft a páper on the results of the pre-key 
companson of surface thermometry performed m A1 4 2 and submit it to a 
peer-reviewed Journal

PTB, CMI, NPL

A1 4 4
M36

Usmg mput from A1 1 1-A1 1 7, A1 2 1 -A1 2 9, A1 3 1-A1 3 5 and A1 4 1-A1 4 3, NPL, 
with support from CMI, PTB, SMU, VTT and Beamex, will draft a páper on the 
techniques developed fortraceable quantitative thermal imagmg, by usmg at Ieast4 key 
engmeenng matenals and selected phosphors with known temperature m the field of 
view of the thermal imager m the range of -100 °C to 500 °C with an uncertamty of less 
than 5 °C
Once agreed by the consortium, the coordmator on behalf of NPL, CMI, PTB, SMU, VTT 
and Beamex will submit the páper to EURAMET as D2 ‘Paper on the techmques 
developed for truly traceable, quantitative thermal imaging, by usmg at least 4 key 
engmeenng matenals and selected phosphors with known temperature m the field of 
view ofthe thermal imager m the range of-100 °C to 500 °C with an uncertamty of less 
than 5 “C submitted to a peer-reviewedJournal’

NPL, CMI, PTB, 
SMU, VTT, 
Beamex

C2 WP2: Improving the technology reaďmess of practical Johnson noise 
thermometry

JNT is, m prmciple, immune to calibration dnft due to sensor degradation m harsh environments Recently, 
new JNT concepts háve been mtroduced and are currently bemg fmalised

The Metrosol IJNT is designed for temperature sensors m the kQ range and has a wide measurement 
bandwidth to allow short measurement times It performs simultaneous calculation of the sensor resistance 
and systém frequency response as well as the Johnson noise power The ULNT is based on the Metrosol 
approach but mvolves a commercial sound card for data acquisition and a wideband transformer for injecting 
the reference signál The CMINT is based on two channel noise measurement, usmg low noise discrete FET 
transistors with high mput impedance, connected m parallel In contrast to the other JNTs, the DART mvolves 
only a smgle highly stable and linear signál channel that is calibrated with a Josephson arbitrary waveform 
synthesiser (JAWS) The spectral density of the thermal noise m the sensmg resistor is determmed directly m 
a sequential measurement procedúre without the need for correlation techmques Srnce the DART 
simultaneously measures the resistance and the noise of the temperature sensor, it combmes noise and 
resistance thermometry

The aim of this work package is to establish the operational readmess of the new JNT concepts outlmed above 
for mdustnal applications (e g nuclear decommissionmg and waste storage, high value heat treatment) This 
mcludes concepts for and demonstrations of calibration, traceability, and temperature measurements at fixed 
pomts as well as at mdustry-relevant temperatures In Task 2 1 metrological charactensation of the JNTs will 
be performed and the achievable measurement uncertamty with the calibrated Instruments will be 
demonstrated Due to the small amplitúde of the thermal noise, external electromagnetic mterference is a 
severe problém m JNT so the electncal shieldmg will be improved to achieve a target uncertamty of less than 
3 °C at 1200 °C Task 2 2 addresses the development and testmg of robust sensor elements which are usable 
for temperature measurements up to about 1200 °C This mcludes measurements m harsh environments (high 
temperature, electromagnetic fields) and susceptibility of the sensor to lomsation radiation Emaily m Task 2 3, 
a companson of the JNT systems will be carned out and uncertamty budgets developed

C2.a Task 2.1: Establishing the operational readiness of practical JNTs
The aim of this task is the metrological charactensation of a complete JNT mcludmg its traceability, to lay the 
metrological framework needed for operation m harsh mdustnal environments The calibration of the DART 
will be performed entirely electncally with an uncertamty of about 10 parts per million (ppm) by usmg a JAWS 
The other JNTs will be calibrated agamst electncal standards and checked agamst temperature standards 
Here, the target uncertamty of 3 °C for measurements (this is mdependent of calibration uncertamty) results 
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from Rice's equation [61] for short tíme penods First measurements with the cahbrated Instruments will be 
performed at the meltmg point of galhum (29 7646 °C)

Activity 
number

Activity description Participants 
(Lead in bold)

A2 1 1
M6

PTB wiII implement an electncal calibration setup for their DART mcludmg a JAWS used 
for generatmg the calibration signals Metrosol, NPL, UL and CMI will explore the ability 
of their JNT systems to retam calibration (to electncal standards, as per their respective 
existmg calibration schemes) over extended penods of tíme

PTB, CMI, UL, 
Metrosol, NPL

A2 1 2
M9

Usmg mput from A2 1 1, Metrosol and NPL will determme the optimal calibration 
approach to their jomt IJNT to permit traceability, and then develop a way of cahbratmg 
the IJNT, either from an electncal point of view or, if necessary, from a temperature 
point of view (e g , cahbrate at one temperature to reahse quasi-pnmary thermometry)

Metrosol, NPL

A2 1 3
M18

PTB will use the setup implemented m A2 1 1 to demonstrate an electncal calibration 
of the DART with a target uncertamty of about 10 parts per million
The Metrosol/NPL IJNT will be calibrated by Metrosol and NPL with the method from 
A2 1 2 with a target uncertamty of 0 1 °C at room temperature
The ULNT and the CMINT will be calibrated by CMI and UL, usmg the samé method 
with a target uncertamty of 0 5 °C up to 300 °C and tenths of °C, respectively

PTB, CMI, NPL, 
UL, Metrosol

A2 1 4
M24

Usmg mput from A2 1 2, Metrosol and NPL will complete the design ofthe measurement 
procedúre and will check the robustness of the IJNT to electromagnetic mterference 
charactenstic of use m harsh mdustnal environments, and mtercompare with the PTB 
DART systém to share best practice PTB will implement measurement procedures and 
setups of the DART for highly accurate temperature measurements This mcludes the 
development of suitable shieldmg agamst electromagnetic mterference to achieve a 
target uncertamty of less than 3 °C at 1200 °C ULand CMI will assess the performance 
of their systems m different AC/DC magnetic fields
Procedures developed withm this activity will serve as an mput to A2 1 5 and A2 2 2 
and mterdependently, the feedback from A2 1 5 and A2 2 2 wiII serve as an mput to this 
activity to refme the procedures if required

Metrosol, CMI, 
PTB, UL, NPL

A2 1 5
M24

NPL, Metrosol, PTB and UL will evaluate the accuracy of temperature measurements 
at the meltmg point of galhum, with a well-known temperature of 29 7646 °C 
(302 9146 K) defmed m the ITS-90 Also, the ability of the thermometer to retam its 
accuracy over tíme with the upgraded calibration scheme will be explored and 
compared with the findmgs of A2 1 1 Srnce the DART uses a calibrated platmum 
resistance thermometer, its dual-mode feature allows a direct companson to the ITS-90 
CMI will focus on the evaluation of their JNT at fixed pomts from the tnple point of 
mercury (-38 8433 OC) to the freezmg point of zrne (419 527 °C)
This activity will use mput and provide feedback to A2 1 4

NPL, CMI, PTB, 
UL, Metrosol

A2 1 6
M27

Usmg mput from A2 1 1-A2 1 5, PTB, NPL, Metrosol, UL and CMI will draft a páper 
summansmg Johnson noise thermometry electromcs with a technology readmess level 
of 6 and an uncertamty less than 3 °C for practical use m harsh mdustnal environments 
at temperatures up to 1200 °C and submit it to a peer-reviewed Journal
Once agreed by the consortium, the coordmator on behalf of PTB, NPL, Metrosol, UL 
and CMI will submit the páper to EURAMET as D3 ‘Paper summansing Johnson noise 
thermometry electromcs with a technology readmess level of 6 and an uncertamty less 
than 3 °C for practical use m harsh mdustnal environments at temperatures up to 
1200 °C submitted to a peer-reviewed journaľ

PTB, CMI, NPL, 
UL, Metrosol

C2.b Task 2.2: Developing and testing of robust próbe assembly up to 1200 °C
The aim of the task is to develop and to test a robust noise temperature próbe assembly (e g , leadmg wires, 
msulators, sensmg elements) which is usable for temperature measurements up to about 1200 °C with a 
measurement uncertamty of less than 3 °C In addition, measurements m harsh environments (high 
temperature i e, mdustnal and mduction furnaces) and the sensor's susceptibility to electromagnetic 
mterference and lomsmg radiation will be mvestigated For the DART, low-ohmic sensors that are adaptable 
to high-temperature operation will be used In contrast, for the other JNT systems (UNT, ULNT and CMINT), 
sensor elements with a relatively high resistance (a few kQ) are preferable
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Activity 
number

Activity description Participants 
(Lead in bold)

A2 2 1
M18

Metrosol will mcrease the temperature range of their sensor based on thm wire from 
1000 °C to 1200°C
In addition, Metrosol, NPL and UoM will mvestigate suitable micro-fabricated devices 
súch as graphene encapsulated m protective ceramics which can achieve the desired 
electncal charactenstics, e g , resistance, up to 1200 °C, while protectmg the sensor 
element from contammation and oxidation
PTB will mvestigate suitable matenals and assembly techmques for sensors, lead-m 
wires, msulators and probes up to 1200 °C High-temperature resistant matenals will be 
used to design the noise resistor and will be used for the signál transmission hneš, which 
are electncally msulated from each other m a suitable manner
UL will develop a sensor for temperatures up to 1200 °C with a resistance of about 
1 kQ
CMI will extend the temperature range of their sensor to 1000 °O with usage of new 
matenals and components suitable for this temperature range

Metrosol, CMI, 
PTB, UL, NPL, 
UoM

A2 2 2
M18

PTB will optimise the shieldmg techmques developed by M12 m A2 1 4 and minimise 
the electromagnetic interference for high-temperature operation A suitable metal tube 
for the sensor, efficient shieldmg for the cablmg of the DART electromcs, and suitable 
connection techmques will be developed Interdependently, feedback will be provided 
back to A2 1 4 Metrosol and NPL will share their prior knowledge of EMC immumty of 
the IJNT and check their results at high temperature The problém of electncal msulators 
startmg to conduct at high temperature will be exammed Metrosol, NPL and UoM will 
further develop a suitable robust próbe to house the sensor elements developed m 
A2 2 1, and will provide a prototype próbe assembly to UL to examme its utility with the 
ULNT UL will assess the effect of different magnetic flelds on their sensors

PTB, UL, 
Metrosol, NPL, 
UoM

A2 2 3
M30

Usmg mput from A2 2 1, NPL, Metrosol and UoM will demonstrate the IJNT usmg 
different sensors and probes at temperatures up to 1200 °C m an mdustnal furnace at 
STRATH, who will provide and operate the real-world manufacturmg facíhties The 
demonstration will mclude testmg m an mduction furnace which will be a challengmg 
EMC environmentfor JNT systems PTB, ULand CMI will demonstrate a measurement 
under laboratory conditions at high temperatures up to 1200 °C with a target uncertamty 
of less than 3 °C
This tnal to assess the self-validation machme learmng algonthm(s) also mcludes the 
self-vahdatmg thermocouple which will be done m A4 1 7

NPL, CMI, PTB, 
UL, Metrosol, 
STRATH, UoM

A2 2 4
M30

NPL will provide gamma and neutrón radiation facíhties representative of nuclear waste 
storage to mvestigate the mfluence of lomsmg radiation on sensors PTB will mvestigate 
the mfluence of lomsmg radiation on DART and their other sensors at NPL or at PTB 
For this purpose, a measurement will be made at a fixed point before and after the 
exposure of the sensor NPL, Metrosol and UoM will further test the IJNT and próbe 
assembly under lomsmg radiation (neutrón and gamma) with dose rates apphcable to 
nuclear waste storage and monitoring The aim will be to look at short-term effects 
durmg irradiation (e g , difference between beam on and beam off), and long-term 
effects (sigmficant changes m the mdicated temperature)

NPL, PTB, 
Metrosol, UoM

A2 2 5
M34

Usmg mput from A2 2 1-A2 2 4, NPL, Metrosol, PTB, UoM, UL, CMI and STRATH will 
draft a report on the development of a robust próbe assembly for JNT and tests m harsh 
environments up to 1200 °C
Once agreed by the consortium, the coordmator on behalf of NPL, PTB, Metrosol, UL, 
UoM, STRATH and CMI will submit the report to EURAMET as D4 ‘Report on a robust 
próbe assembly for measunng Johnson noise in harsh environments (e g, high 
temperatures up to 1200 °C, lomsmg radiation (gamma rays and neutrons), 
electromagnetic flelds)'

NPL, CMI, PTB, 
UL, Metrosol, 
STRATH, UoM

C2.c Task 2.3: Intercomparison of JNT systems
The aim of this task is to assess the consistency of noise temperature measurements performed by different 
JNT approaches The JNT systems (DART, IJNT, ULNT and CMINT), are compared with each other at 
different fixed pomts as well as agamst calibrated štandard thermocouples and an uncertamty budget 
developed
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Activity 
number

Activity descnption Participants 
(Lead m bold)

A2 3 1
M33

Usmg mput from A2 1 5, PTB, with support from NPL, Metrosol, UL, and CMI, will 
perform intercompanson measurements between DART, IJNT, ULNT and CMINT 
Systems at well-known temperatures m a largely interference-free environment 
(shielded cabm) at the meltmg point of galhum (29 7646 °C) and under laboratory 
conditions at one or two fixed pomts of the ITS-90, e g , Zn (419 527 "C), Al 
(660 323 °C), Ag (961 78 °C), or Cu (1084 62 °C) The development of an uncertamty 
budget will be mcluded

PTB, CMI, UL, 
NPL, Metrosol

A2 3 2
M33

Usmg mput from A2 1 5, PTB, with support from NPL and Metrosol, will perform 
intercompanson measurements of the DART and IJNT agamst calibrated štandard 
thermocouples under largely interference-free conditions (shielded cabm) m a furnace 
with extra measures for mterference suppression and under laboratory conditions by 
usmg a furnace routmely used for thermocouple cahbrations The measurements will be 
carned out at at least two temperatures between 600 °C and 1200 °C The development 
of an uncertamty budget will be mcluded

PTB, NPL, 
Metrosol

A2 3 3
M34

NPL, PTB, Metrosol, UL, UoM and CMI will analyse the measurement results from 
A2 3 1 and A2 3 2 and will draft a bneflng report on the state of the art of practical JNT 
and submit it to CCT

NPL, CMI, PTB, 
UL, Metrosol, 
UoM

C3 WP3: Thermographic phosphor thermometry up to 1250 °C
Phosphor thermometry can overcome challenges expenenced by thermal imagmg, but so far has a limited 
temperature range, and lacks widely accepted, validated calibration methods The aim of this work package is 
to develop thermographic phosphor thermometry with a target uncertamty of less than 3 °C up to a temperature 
of 1250 °C, to provide low uncertamty traceable surface temperature measurement It encompasses tasks 
aimed at advancmg high-temperature phosphor thermometry m a robust metrological way

In Task 3 1 thermographic phosphor coatmgs capable of operatmg at temperatures up to 1250 °C will be 
developed In Task 3 2 phosphor thermometry mstrumentation capable of mterrogatmg the newly developed 
high-temperature phosphor coatmg will be constructed, calibrated, and tested Task 3 3 will mvolve practical 
demonstration of the newly developed phosphor thermometry capability (robust high-temperature coatmg and 
mstrumentation) m targeted high-value manufacturmg sectors, i e , marme steel processmg and mduction 
heatmg of engmeermg alloys

C3.a Task 3.1: Developing thermographic phosphor coatinqs to 1250 °C
The aim of this task is to develop a thermographic phosphor coatmg capability suitable for measurements up 
to a target temperature of 1250 °O Currently, phosphors are limited to 750 °C for contmuous use, with 
mtermittent use to 1000 °C A comprehensive survey of high temperature phosphors up to 1250 °C, explormg 
temperature range, operational methods, and measurement/excitation wavelengths, will be undertaken 
Concurrently, an mvestigation of suitable high temperature bmders will be carned out This will mform the 
procurement and/or synthesis of at least two target phosphors, and the development of a coatmg recipe that 
will be tested m terms of stability with thermal cyclmg, and lummescence The emissivity of selected coatmgs 
at temperatures up to 500 °C, and at wavelengths from 1 4 pm to 20 pm, will also be assessed, as will the 
impact of the coatmgs on surface temperature usmg numencal simulations

Activity 
number

Activity descnption Participants 
(Lead in bold)

A3 1 1
M12

NPL, DTI and OVGU will jomtly perform a survey on high temperature phosphors to 
1250 °C, mcludmg temperature range, thermometry method (decay tíme, frequency 
shift, and mtensity ratio), measurement wavelengths and excitation wavelengths NPL, 
DTI and OVGU will contact a collaborator from high-temperature phosphor specialists 
(e g ONERA) and request their support
NPL, DTI and OVGU will select at least 2 novel high-temperature phosphors for use m 
A3 1 3 and A3 1 4

NPL, DTI, 
OVGU
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A3 1 2
M12

NPL, DTI, OVGU and STRATH will perform a survey on high temperature bmders to 
1250 °C, includmg glass lubncant/coating NPL, DTI, OVGU and STRATH will contact 
a collaborator from a high-temperature phosphor speciahst (e g ONERA) and request 
their support
NPL, DTI, OVGU and STRATH will select at least 2 bmders for use m A3 1 4

NPL, DTI, 
OVGU, 
STRATH

A3 1 3
M18

NPL with support from OVGU will synthesise at least 2 novel high-temperature 
phosphors selected m A3 1 1 (i e , manufacture a powder to develop the phosphor 
coatmgs) suitable for use to 1250 °C NPL will contact a collaborator from a 
high-temperature phosphor speciahst (e g ONERA) and request their support

NPL, OVGU

A3 1 4
M24

Usmg mput from A3 1 1, NPL, DTI and OVGU will develop and test at least 2 
phosphor/bmder recipes and then select the most promismg one suitable for use to 
1250 °C for producmg the sample coatmgs This will mclude performmg an assessment 
of at least two high temperature phosphors synthesised m A3 1 3 and at least 2 bmders 
selected m A31 2, m terms of a) coatmg stability with thermal cyclmg, 
b) charactensation of the lummescence of phosphor/coatmg (spectral and temporal 
domam) and analysmg measurement strategies (decay tíme, frequency shift and 
spectral mtensity ratio) suitable for the high temperature conditions

NPL, DTI, 
OVGU

A3 1 5
M24

Usmg expenence gamed from A1 2 2, A1 2 3 and A3 1 4, PTB, with support from NPL, 
will select at least 4 coatmgs from A1 2 2 and A3 1 4 (e g Dy YAG phosphor and “HPC” 
bmder from ZYP coatmgs) and determme their emissivity m hne with criteria identified 
mAI 1 1 and survey m A3 1 1, attemperatures up to 500 °C, over the wavelength range 
1 4 pm to 20 pm for mput to A1 2 9
The reference emissivity dataset for selected thermographic phosphors will be made 
available on the Zenodo repository

PTB, NPL

A3 1 6
M24

Usmg mput from A3 1 5, NPL will perform an assessment of the effect of the coatmgs 
from A3 1 5 on the temperature of the surface by developmg a 1D analytical and 2D 
fmite element thermal model ofthe coatmg/substrate/external environment
NPL will apply a phosphor coatmg from A3 1 5 to one of the VTT / Beamex flat-plate 
blackbodies developed m A4 3 2 This will allow for the companson of the phosphor 
thermometry mdication (from applymg the coatmg) with the temperature distnbution 
determmed with Al (mcluded m the blackbody)

NPL, VTT, 
Beamex

A3 1 7
M30

Usmg mput from A3 1 1-A3 1 6, NPL, DTI, OVGU and STRATH will draft a páper on the 
robustness of phosphor thermometry up to 1250 °C and submit it to a peer-reviewed 
Journal
Once agreed by the consortium, the coordmator on behalf of NPL, DTI, OVGU and 
STRATH will submit the páper to EURAMET as D5 ‘Paper on robust thermographic 
phosphor techmques for surface temperature measurement with an uncertamty of/ess 
than 3 °C and up to temperatures of 1250 °C submitted to a peer-reviewedjournaľ

NPL, DTI, 
OVGU, 
STRATH

C3.b Task 3.2: Developing phosphor thermometry instrumentation capable of measuring 
phosphors up to 1250 °C

The aim of this task is to develop phosphor thermometry instrumentation or extend existmg Instruments to 
operate up to a target temperature of 1250 °C, to measure on the most promismg phosphor/bmder recipe 
developed m A3 1 4 This will mclude thermometer cahbration, the effect of thermal cyclmg on the calibration 
with a target uncertamty of 3 °C at 1250 °C and determinmg the uncertamty for the extended range phosphor 
thermometer Additionally, a sensitivity analysis of the high temperature phosphor thermometer will be 
performed, explormg dependencies on excitation strength and stand-off dištance

Activity 
number

Activity description Participants 
(Lead in bold)

A3 2 1
M24

NPL and OVGU will develop a high temperature fibre-coupled phosphor thermometer 
(10 cm max stand-off) with a maximum target temperature of 1250 °C for the high 
temperature phosphor/bmder recipe selected m A3 1 4 DTI will extend the maximum 
temperature from 500 °C for their current high temperature phosphor thermometer to 
1200 °C

NPL, DTI, 
OVGU
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A3 2 2
M24

NPL and OVGU will perform cahbration and thermal cyclmg tests of the high 
temperature phosphor thermometer developed m A3 2 1, includmg uncertamty budgets, 
with target uncertamty of 3 °C at 1250 °C, usmg high temperature furnaces at NPL 
DTI, usmg their furnace, will perform cahbration and thermal cyclmg tests of their high 
temperature phosphor thermometer from A3 2 1 with target uncertamty of 3 °C at 
1200 °C

NPL, DTI, 
OVGU

A3 2 3
M24

NPL, DTI and OVGU will perform a sensitivity analysis of the high temperature phosphor 
thermometers calibrated m A3 2 2, includmg excitation strength and stand-off dištance 
dependencies

NPL, DTI, 
OVGU

A3 2 4
M30

NPL, DTI and OVGU will draft a páper on metrological evaluation of novel high 
temperature phosphor thermometry and submit it to a peer-reviewed Journal

NPL, DTI, 
OVGU

A3 2 5
M30

Usmg mput from A3 1 4-A3 1 7 and A3 2 1-A3 2 4, NPL, with support from DTI, will 
prepare a bnefing report on traceable phosphor thermometry, outlmmg best practice m 
the preparation, apphcation, and temperature measurement of phosphor coatmgs and 
submit it to the CCT

NPL, DTI

A3 2 6
M30

Usmg mput from A3 2 2, NPL and DTU will perform spectral surface emissivity 
measurements of the high temperature phosphors m mid-mfrared and near-mfrared 
spectral ranges usmg phosphor thermometer (NPL) and FTIR spectrometers (DTU) 
The results of the activity will be used m A3 3 3 and A4 2 6

NPL, DTU

C3.c Task 3.3: Demonstration of hiqh-temperature phosphor thermometry in high-value 
manufacturinq sector

The aim of this task is to tnal the high-temperature phosphor thermometry capability developed m Task 3 1 
and Task 3 2 m industnally relevant high-value manufactunng environments Field tnaís will be performed m 
two manufactunng environments, namely marme steel processing above 800 °C (BAE) and mduction 
annealmg of engineenng alloys at temperatures of up to 1250 °C (STRATH) Additionally, the phosphor 
thermometer will be calibrated on boíler isolation matenals (Inconel or refractory bncks) up to a maximum 
temperature of 1100 °C for utilisation m Task 4 2 (A4 2 6 and A4 2 7), focusmg on surface temperature and 
spectral surface emissivity determinations

Activity 
number

Activity descnption Participants 
(Lead in bold)

A3 3 1
M30

Usmg the phosphor thermometer from A3 2 1, NPL will perform a demonstration of high 
temperature phosphor thermometer measurements at temperatures above 800 °C on 
a BAE marme steel pipe annealmg apphcation, includmg laboratory cahbration before 
and after tnals to assess cahbration dnft

NPL, BAE

A3 3 2
M32

Usmg mput from A3 3 1, NPL will perform tnals of the high temperature phosphor 
thermometer on the STRATH mduction heatmg systém at temperatures up to 1250 °C 
on a number of engmeermg alloys, and will compare this new phosphor thermometry 
technique with the existmg extrapolation method that uses embedded thermocouples 
DTI and DTU, with the support of NPL, will compare measurements ofthe mner surface 
temperature performed on reformer tubes from 700 °C to the 1050 °C usmg mfrared 
spectrometry, miniatúre thermocouples and phosphor thermometry m DTU’s emissivity 
facility Laser heatmg will be used to reduce temperature gradients m the sample
NPL will contact a collaborator (e g , Topsoe A/S) for the provision of samples from new 
and used reformer tubes, some of which are already available for test at DTU

NPL, DTI, DTU, 
STRATH

A3 3 3
M34

Usmg mput from A3 3 2 and A3 2 6, NPL, with support from DTU, will cahbrate the high 
temperature phosphor thermometer on used and new boíler msulation matenals súch, 
e g , Inconel or refractory bncks at temperatures between 800 °C and 1100 °C for use 
m surface temperature and spectral surface emissivity determmations m A4 2 6 
Prehmmary results will be made available m M25 Surface temperature measurements 
will be compared by NPL and DTU m their laboratones (as opposed to mdustnal sites) 
where a high temperature phosphor thermometer, a FTIR spectrometer and an IR 
camera will be used

NPL, DTU

A3 3 4
M34

NPL, DTI, STRATH and BAE will draft an article descnbmg practical high-temperature 
phosphor thermometry m high-value manufactunng and submit it to a trade Journal 
Once the agreed by the consortium, the coordmator on behalf of NPL, STRATH, DTI 
and BAE will submit the article to EURAMET as D6 ’Article on the practica! apphcation 
of phosphor thermometry submitted to a trade journaľ

NPL, DTI, BAE, 
STRATH
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C4 WP4: Artifícial Intelligence to facilitate improved thermometry
Many thermometry methods are sub-optimal due to the limited analysis techmques used The aim of this work 
package is to develop artifícial intelligence (Al) approaches to enable m-situ temperature traceability, 
exemphfied by čase studies mcludmg practical demonstrations, mcludmg a) the application of Al to 
self-validatmg thermometers to enable autonomous, contmuously traceable operation, b) spectroscopic 
infrared thermometry for m-situ gas temperature profile measurements m hot environments usmg new 
generation of infrared detectors, and c) surface temperature calibration flat-plate blackbody msert for dry-block 
cahbrators for calibration of thermal imagers and phosphors

Self-validatmg thermocouples are now mature but are held back by the mability of conventional Software to 
identity the charactenstic phase-change celí meltmg plateau m the temperature-time data New techmques 
usmg the state-of-the-art m machme learnmg will be developed to locate any mstance of the meltmg plateau 
and automate the correspondmg m-situ recalibration, enablmg truly dnftless thermometry The target 
uncertamty for the m-situ calibration is 1 °C

In in-situ gas and combustion temperature measurements, because process conditions vary contmuously, it is 
necessarily to develop robust measurement techmques that can provide a user with a real-time data flow This 
is only possible with the use of Al approaches m a complex real-time data analysis The target uncertamty for 
m-process gas temperature retnevals is 2 % which is ahgned with the requirements for e g selective 
non-catalytic reduction (SNCR) process control (e g power plants and waste mcmeration)

Calibration surfaces generally háve a large uncertamty m the areal temperature distnbution due to the 
complicated heat exchange at the surface Inserts for dry-block cahbrators will be developed with 
thermometers distnbuted throughout the volume, to be operated m conjunction with a neural network and 
digital twm which uses the data from the sensor network to determme the temperature distnbution on the 
surface plate The target uncertamty on the plate temperature is 1 °C

Task 4 1 will mvestigate the use of machme learnmg for automation of self-vahdatmg thermometers In 
Task4 2 Al approaches to enable retneval of gas temperatures usmg spectroscopic techmques will be 
developed In Task 4 3 neural network approaches to thermometer networks used to retneve the temperature 
distnbution across low-cost dry-block calibrator inserts for calibration of thermal imagers and phosphors will 
be developed

C4.a Task 4.1: Machine learninq for autonomous operation of self-validatíng thermometers
Self-vahdatmg thermometers which make use of a miniatúre phase-change celí are now rehable and háve 
been demonstrated m high value manufacturmg processes However, the detection and charactensation of 
the meltmg curve (plateau m temperature-time data) which enables re-cahbration m situ remams a manual 
process and attempts to automate it háve been resistant to conventional algonthms Machme learnmg 
represents a well-known approach to recogmtion of charactenstic features m data The aim of this task is to 
mvestigate the use of a machme learnmg approach, based on a supervised Bayesian optimised learnmg 
procedúre [39], for automation of self-vahdatmg thermometers Data will be procured from selected high value 
heat treatment processes m mdustry for trammg and testmg the machme learnmg algonthm The robustness 
of the algonthm will then be tested under a range of different industnal furnace environments The target 
uncertamty m the m-situ calibration is 1 °C

Activity 
number

Activity descnption Participants 
(Lead in bold)

A4 1 1
M12

DTU, PTB, VTT, UL, NPL, NSC-IM, STRATH, B&WVolund, Beamex and CCPI wiíl 
perform a survey (questionnaire) of key existmg Al methods, sensors/mstruments, 
includmg their hardware & Software implementations and platforms, and challenges for 
industnal use These will be divided mto key sections relevant to end-user measurement 
techmques in industnal apphcations e g change point detection, mstrument/sensor 
position, signál validation, diagnosis and correlation
A questionnaire wiII be distnbuted by DTU to the Stakeholder Community to assist with 
this activity The targeted stakeholders will come from high volume manufacturmg, 
nuclear decommissionmg, waste storage, fundamental and sensor work metrology, 
Utilities, environmental monitoring, smart buildmgs, etc The target number of 
stakeholders participatmg m the questionnaire will be 30

DTU, PTB, VTT, 
UL, NPL, 
NSC-IM, 
STRATH, 
B&W Volund, 
Beamex, CCPI
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DTU, PTB, VTT, UL, NPL, NSC-IM, STRATH, B&WVolund, Beamex and CCPI will 
draft a short report on key existmg Al applications m mdustry based on the outcomes of 
the survey, The report will be made pubhcly available on the project website

A4 1 2
M12

Based on results of the survey from A4 1 1, and on existmg approach based on a 
supervised Bayesian optimised learnmg procedúre (see [39] for details), NPL, CCPI 
and UL will share their expenences, and NPL and UL will then both develop dedicated 
machme learnmg algorithms suitable for a) locatmg multiple meltmg plateaus m any 
given temperature-time data set for self-validatmg thermocouples, b) charactensmg the 
part of the meltmg curve that corresponds to the cahbration point, c) quantifymg the 
uncertamty on the self-cahbration

NPL, UL, CCPI

A4 1 3
M14

NSC-IM, with support from NPL, will adapt their existmg self-vahdatmg thermocouples 
to enable their use m typical mdustnal applications and will develop an algonthm to 
automate their use NSC-IM will supply temperature-time data to NPL for further 
broadenmg the applicability of the NPĽs machme learnmg algonthm of A4 1 2 UL will 
implement a self-validatmg thermocouple m a high temperature furnace up to 1200 °C 
and will assess the suitabiIity of their algonthm developed m A4 1 2 for self-cahbration

NSC-IM, UL, 
NPL

A4 1 4
M18

CCPI, NSC-IM and NPL will obtam trammg data for the NPĽs machme learnmg 
algonthm developed m A4 1 2 (temperature as a function of tíme) from histórie and 
eurrently runnmg mdustnal tnals m at least 3 high value manufacturmg heat treatment 
facilities (under CCPI)

CCPI, NPL, 
NSC-IM

A4 1 5
M24

NPL will divide the data obtamed m A4 1 4 mto 2 sets a trammg set and a vahdation 
set NPL will use one set of the data (trammg set) to trám the algonthm developed m 
A4 1 2 and the other set (vahdation set) to test/demonstrate the algonthm’s generál 
apphcabíhty to temperature-time data

NPL

A4 1 6
M30

Based úpon the findmgs of A4 1 5, NPL, with support from CCPI, will enhance the 
algonthm developed m A4 1 2 to improve its robustness across the full range of data 
obtamed m A4 1 4

NPL, CCPI

A4 1 7
M32

NPL, STRATH and CCPI will test the NPĽs algonthm developed m A4 1 2 by placmg a 
self-vahdatmg thermocouple m a heat treatment process environment at STRATH 
together with the JNTs m A2 2 3 and assessmg the robustness of Al for self-vahdatmg 
thermocouples under a range of this and other, different, mdustnal furnace 
environments (i e , under a range of heat treatments m one environment, súch as 
forgmg furnace, annealmg furnace etc)
NSC-IM will test their algonthm developed m A4 1 3 to assess the utility of Al for 
self-vahdatmg thermocouples m measurmg channels with hmited access (specifically m 
nuclear power plants)

NPL, CCPI, 
NSC-IM, 
STRATH

A4 1 8
M34

Usmg mputfrom A4 1 1-A4 1 7, NPL, UL, CCPI, NSC-IM and STRATH will draft a páper 
on the use of machme learnmg for automation of self-vahdatmg thermometers, meludmg 
čase studies (A4 1 3, A4 1 4, A4 1 5) m mdustnal heat treatment plants and submit it to 
a peer-reviewed Journal

NPL, UL, 
NSC-IM, 
STRATH, CCPI

C4.b Task 4.2: Al for traceable spectroscopic infrared thermometry to enable in-situ qas 
temperature and gas temperature profile measurements

Spectroscopic gas thermometry relies on an iterative approach to retneving the temperature which can be very 
inefficient or even mtractable The aim of this task is to develop Al approaches usmg computational narrow- 
band laser absorption (TDLAS) and broad bánd IR emission spectroscopy tools for retneval of gas temperature 
measurements m high-temperature environments, enablmg uncertamty of 2% up to 1500 °C, and to 
demonstrate its apphcability m selective non-catalytic reduction processes (SNOR) m e g waste mcmeration 
The tíme resolution of the TDLAS thermometry will be optimised to measure the dynarnic temperature m fast 
mdustnal processes, e g thermal energy conversion The target tíme resolution will be 1 ms

Activity 
number

Activity descnption Participants 
(Lead m bold)

A4 2 1
M18

Usmg the results of the survey from A4 1 1, DTU and PTB will jomtly select a suitable Al 
method (machme learnmg to optimise the iterative reconcihation between calculated gas 
temperature/composition and the raw measurements e g random forest or stochastic 
particle swarm optimisation) and perform systém hardware and Software developments 
for use with new IR detectors and TDLAS lasers
The new IR-based emission systém will be developed by DTU to perform simultaneous 
IR H2O/CO2 emission measurements m A4 2 7 over a broad spectral range, while the

DTU,PTB
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developed TDLAS systém by PTB will utilise the advantage of laser absorption 
spectroscopy for selected rotational HzO hneš The IR systém will be based on a 
combination of a compact gratmg spectrometer and a new generation IR 1D array
DTU wiII adapt the selected Al method to gas temperature profile retnevals from a smgle 
line-of-sight IR emission measurement

A4 2 2
M12

NPL will re-commission, cahbrate and assess the stability of the NPL štandard (STD) 
fláme facility The fláme will be traceable to the ITS-90 for propane/air combustion for 
equivalence ratios from 0 8 to 14, givmg maximum temperatures m the range from 
2000 °C to 2250 °C

NPL

A4 2 3
M28

NPL will provide the NPL STD fláme facility from A4 2 2 for validation of the optical 
systems of DTU and PTB This will mclude pre-calibration of the fláme prior to shippmg, 
shippmg and mstallation at DTU and PTB, and post-calibration of the fláme and 
assessment of any drift

NPL, DTU, 
PTB

A4 2 4
M24

Based on mput from A4 2 1, PTB will use their own high-temperature gas celí for 
vahdation of the temperature calculations obtamed from HzO rotational hneš (TDLAS 
systém) PTB will employ the TDLAS systém and newly developed Al methods for gas 
temperature measurements from A4 2 1 with the selected rotational HzO hneš PTB will 
validate the TDLAS systém on the NPL STD fláme facility from A4 2 2 The target tíme 
resolution will be 1 ms

PTB

A4 2 5
M24

DTU will use its own high-temperature flow gas celí for vahdation of gas temperature/gas 
temperature profiles retnevals (i e hne-of-sight) from H2O/CO2 broad-band IR emission 
measurements DTU will also vahdate the IR-based emission systém agamst the FTIR 
spectrometer on the NPL STD fláme facility from A4 2 2

DTU, NPL

A4 2 6
M28

Usmg samples and prehmmary results from A3 3 3 and A3 2 6, DTU, NPL and DTI will 
cooperatively adapt the high-temperature phosphor-based thermometry (from A3 2 2), 
improved thermal imagmg techmques (usmg prehmmary results from Al 2 8) and 
FTIR-based spectrometry for thermal imaging to perform surface temperature and 
surface emissivity measurements on used and new bolier wall samples súch as Inconel 
and refractory bncks m the temperature range from 800 °C to 1100 °C

DTU, DTI, NPL

A4 2 7
M33

DTU, with support from B&WVolund, will perform a practical demonstration of the IR- 
based H2O/CO2 emission measurement systém developed m A4 2 1 to measure gas 
temperature and gas temperature profiles m a combustion environment súch as waste 
incmerator(s) at SNCR (NOx removal) locations DTU, with support from B&WVolund, 
will contact project stakeholders (e g , AffaldPlus m Denmark, Filborna m Sweden) and 
request their support and provision of their facilities The target uncertamty is 2 % up to 
1500°C
A thermal imager (e g DIAS Infrared) will be used for wall temperature measurements 
m the mdustnal environments to support hne-of-sight Al based retnevals

DTU,
B&W Volund

A4 2 8
M36

Usmg mput from A4 1 1 and A4 2 1-A4 2 7, PTB, DTU, NPL and B&WVolund will draft 
an article describmg apphcations of Al tools for retnevals of gas temperature from 
hne-of-sight measurements and submit it to a trade Journal

PTB, DTU,
NPL,
B&W Volund

C4.c Task 4.3: Reference surface temperature calibration inserts
Calibration surfaces generally háve a large uncertamty m the areal temperature distribution The aim of this 
task is to develop neural network approaches to thermometer networks used to retneve the temperature 
distnbution throughout two low-cost plate inserts (large-area blackbodies) for calibration of thermal imagers 
and phosphors This will be done by distnbutmg thermometers (temperature sensors embedded mto the msert) 
throughout the volume and by operatmg m conjunction with a neural network and digital twm which uses the 
data from the sensor network to determme the temperature distnbution over the plate surface The target 
uncertamty on the plate temperature is 1 °O

Activity 
number

Activity descnption Participants 
(Lead in bold)

A4 3 1
M3

Beamex, with support from VTT, will identity 2 most appropnate dry-block cahbrators 
from their commercially available products and will provide the geometry, matenal and 
control parameters to VTT as mput for the numencal simulations VTT will perform fmite 
element modellmg (FEM) simulations for a large number of mput combmations and will 
populate a dataset to be used m A4 3 3

Beamex, VTT
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A4 3 2
M6

Based on results of the survey from A4 1 1, VTT and Beamex will design and develop 
2 plate inserts (large-area blackbodies) with a sensor network and data aggregation 
hardware mtegrated with the Beamex cahbrators identified in A4 3 1 One will be 
circulated m A4 3 5 for use m A1 3 5, A1 4 2 and A3 1 6, the other will stay for use at 
VTT/Beamex This will account for thermometer types, mstallation, response, stability 
etc

VTT, Beamex

A4 3 3
M9

VTT will develop a neural network (Al/deep learnmg) usmg one of the plate inserts from 
A4 3 2 VTT, with support from Beamex, will employ the dataset from A4 3 1 to trám the 
neural network to solve the mverse heat transfer problém and to extract the temperature 
and heat flux distribution at the boundary based on the data automatically 
imphed/collected from the sensor network of A4 3 2 This mathematical model is 
effectively a mechamsm for mterpolatmg between, and extrapolatmg from, the 
temperature measurements at mdividual pomts, to yield the temperature at any given 
point throughout the entire volume of the fiat plate msert, it will serve as a digital twm 
for the sensor network

VTT, Beamex

A4 3 4
M12

VTT, with support from Beamex and NPL, will exploit an adaptive Monte Carlo algonthm 
to propagate the uncertamty from mdividual sensors of the blackbody developed m 
A4 3 2 to fmd out the uncertamty of the temperature distnbution at the reference 
surface The target uncertamty on the plate temperature is 1 °C VTT will also examme 
tools for the detection of malfunctionmg sensors, and sensor fusion techmques, at the 
network level

VTT, Beamex, 
NPL

A4 3 5
M16

Beamex and VTT will vahdate the 2 calibrators identified m A4 3 1 and the 2 inserts 
(large-area blackbodies) developed m A4 3 2, by performmg compansons with the 
existmg surface temperature probes and will distribute one of the inserts for use m 
A1 3 5, A1 4 2andA3 1 6

Beamex, VTT

A4 3 6
M36

Usmg mput from A4 1 1 and A4 3 1-A4 3 5, VTT, with support from Beamex, NPL and 
PTB, will draft a páper descnbmg the Al-dnven reference surface and submit it to a 
peer-reviewed Journal

VTT, PTB, NPL, 
Beamex

A4 3 7
M33

Usmg mput from A4 1 1-A4 1 8, A4 2 1-A4 2 8 and A4 3 1-A4 3 6, DTU, PTB, UL, VTT, 
NPL, NSC-IM, STRATH, B&W Volund, Beamex and CCPI will draft an article descnbmg 
possibilities for Al use m mdustnal temperature measurements with a target uncertamty 
of better than + 2 % The article will summarise key practical developments (i e , the 3 
čase studies i) Machme learnmg for autonomous operation of self-validatmg 
thermometers, n) spectroscopic mfrared thermometry for m-situ gas temperature and 
gas temperature profile measurements and m) reference surface temperature 
cahbration msert) and will be submitted to a trade Journal
Once agreed by the consortium, the coordmator on behalfof DTU, PTB, UL, VTT, NPL, 
NSC-IM, STRATH, B&WVolund, Beamex and CCPI will submit the article to 
EURAMET as D7 'Article on the apphcation of A! approaches to enable traceable in- 
situ temperature measurement in mdustnal applications with an uncertamty less than 
2 % up to 1500 °C (e g, i) machme learnmg for autonomous operation ofself-vahdatmg 
thermometers, n) spectroscopic mfrared thermometry for m-situ gas temperature and 
gas temperature profile measurements and m) reference surface temperature 
cahbration msert) submitted to a trade Journal'

DTU, PTB, VTT, 
NSC-IM, UL, 
NPL, STRATH, 
B&W Volund, 
Beamex, CCPI

A4 3 8
M36

DTU, PTB, UL, VTT, NPL, NSC-IM, STRATH, B&W Volund, Beamex and CCPI will 
draft a páper on the apphcation of Al to enable m-situ traceable thermometry m mdustnal 
applications The article will summarise the key technical developments from A4 1 7, 
A4 2 7 and A4 3 5, namely i) Machme learnmg for autonomous operation of 
self-vahdatmg thermometers, n) spectroscopic mfrared thermometry for m-situ gas 
temperature and gas temperature profile measurements, and m) reference surface 
temperature cahbration msert, and will be submitted by DTU to a peer-reviewed Journal 
Once agreed by the consortium, the coordmatoron behalfof DTU, PTB, UL, VTT, NPL, 
NSC-IM, STRATH, B&W Volund, Beamex and CCPI will submit the páper to EURAMET 
as D8 ‘Paper on the apphcation of Al to enable m-situ traceable thermometry m 
mdustnal apphcations (e g, i) machme learnmg for autonomous operation of self- 
vahdatmg thermometers, u) spectroscopic mfrared thermometry for m-situ gas 
temperature and gas temperature profile measurements and m) reference surface 
temperature cahbration msert) submitted to a peer-reviewedjournaľ

DTU, PTB, VTT, 
NSC-IM, UL, 
NPL, STRATH, 
B&W Volund, 
Beamex, CCPI
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C5 WPS: Creating impact
The overal! aim of this work package is to ensure that efficient knowledge transfer is affected through tailored 
dissemmation efforts to the appropnate stakeholders (súch as mdustry, CCT and the RMOs) The wider 
scientific community will be engaged through refereed papers and conference presentations Traming will také 
plače at the broadest level from Stakeholder Commumty workshops, to customised articles and talks for trade 
bodies and associations

C5.a Task 5.1: Dissemination and communication

Activity 
number

Activity description Participants 
(Lead in bold)

A5 1 1
M36

At the begmning of this project the consortium will štart the formation of an mdustnal 
advanced manufactunng Stakeholder Community, with supporters and collaborators as 
its members, buildmg on the Stakeholder Commumty, numbenng 140, that was built up 
dunng the EMPÍR projects 14IND04 EMPRESS and 17IND04 EMPRESS 2 The 
Stakeholder Community will be open to any orgamsation that has an mterest m 
improvmg temperature measurements for advanced manufactunng, and it is expected 
that its size will grow dunng the project The aim of settmg up súch a Stakeholder 
Commumty is to ensure that all stakeholders are engaged with the project from the 
begmmng and can advise on mdustnal temperature measurement, both problems and 
best practice This will ensure that the practical requirements for the developed sensors 
are well understood by the consortium members The consortium will haise with the 
coordmator of 22DIT02 FunSNM (VTT, who is also a participant m this project) to 
maximise the commonahty of the Stakeholder Commumties which will be relevant to 
both projects The target number of members of the Stakeholder Commumty will be 50 
The commumty will be kept mformed by regular project updates and invitations to at 
least two workshops where feedback on end-user requirements will be sought

STRATH, all 
participants

A5 1 2
M36

A project webpage will be created on STRATH’s website with public access m M6 The 
webpage will be regularly updated with Information súch as project reports, papers 
pubhshed by the participants, and project meetmgs In addition there wili be a special 
section dedicated to “News on the project” where Information about workshops, pubhc 
reports, presentations, etc will be available to the pubhc
The project webpage will clearly acknowledge, m a prominent position on the homepage 
(e g m the header, footer or centre and in a readable size), the Metrology Partnership 
This will be done by includmg either i) the Partnership project website header/footer 
badge and acknowledgement text (this text can be anywhere on homepage) or n) the 
Partnership acknowledgement badge

STRATH, all 
participants

A5 1 3
M36

The participants will submit at least 9 papers to peer-reviewed journals dunng the 
course of the project Target journals mclude

• Open Research Európe
• Metrology (MDPI)
• Thermo (MDPI)
• Acta IMEKO
• Johnson Matthey Technology Review

The expectation is that all of the 9 publications will be the result of a collaborative effort 
from participants from different countnes
The authors of the peer reviewed papers will clearly acknowledge the financial support 
provided through the Partnership as required by EURAMET m accordance with Article 
17, Article 18, and Annex 5 of the Grant Agreement with the followmg text

“The project (23IND11 ThermoSI) has receíved fundmg from the European 
Partnership on Metrology, co-fmanced from the European Umon’s Honzon 
Európe Research and Innovation Programme and by the Participating States ”

The authors will ensure that the followmg metá data is submitted and mcluded for each 
páper

• Funder name European Partnership on Metrology
• Funder ID 10 13039/100019599
• Grant number 23IND11 ThermoSI

STRATH, all 
participants
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The participants will comply with open access requirements detailed in the Grant 
Agreement Section 17 by also depositmg each páper m a suitable open access trusted 
repository

A5 1 4
M36

The participants plaň to present at least 20 papers to International conferences súch 
as

• TEMPMEKO (France, 2025) - to mclude focused ThermoSI session on 
mdustnal thermometry

• Congres International de Métrologie (France, 2025 and 2027)
• 5lh International Conference on Phosphor Thermometry (ICPT2026) (TBC, 

July 2026
• 15th European Conference on Industnal Furnaces and Boílers (INFUB) 

(location and dáte TBC)
• IMEKO World Congress 2026 (location TBC)

Further relevant conferences will be identified durmg the project
The participants also plaň to present results at national conferences to ensure a broad 
dissemmation

• Metrologidagen (“Metrology Day”, annual conference for Damsh Industnal 
Stakeholders, calibration laboratones and metrology mstitutes, Copenhagen 
or Aarhus, Denmark)

® NPL thermocouple users conference (approximately 18-monthly conference 
for UK and European stakeholders mvolved with thermocouple measurements 
but also more broadly industnal thermometry)

• Regular nuclear decommissionmg and waste storage events m the UK run by, 
and for, national stakeholders

STRATH, all 
participants

A5 1 5
M36

AH participants will support dissemmation of the project results to a range of standards 
bodies and seek feedback Targeted committees and workmg groups are hsted below

STRATH, all 
participants

Standards 
Committee / 
Technical 
Committee 1 
Workmg Group

Participa 
nts 
involved

Likely area of impact / activities undertaken by 
participants related to Standard / committee

IEC TC 65 
Industnal-process 
measurement, 
control and 
automation 
SC 65B 
Measurement 
and control 
devices
WG5
Temperature 
sensors and 
Instruments

NPL, 
PTB

IEC TC 65/SC 65BA/VG5 meets annually The 
underlymg work necessary to begm development 
of a new IEC standard(s) governmg self-vahdatmg 
thermocouples and JNT, for which there are no 
existmg frameworks, will be undertaken NPL and 
PTB contnbute to this committee
Thermal imaging developments will ultimately feed 
mto IEC/TS 62492-2 2013 which is due an update, 
IEC/TS 62492-1 2008, and mdirectly IEC 62828- 
3 2018 [48]

Consultative 
Committee for 
Thermometry 
(CCT)

NPL,
PTB, 
VTT, 
CMI, 
SMU, 
NSC-IM

CCT meets bienmally The committee establishes 
the framework for improved temperature 
measurement and improved traceability to the 
International System of Umts (SI)
Several of the NMI participants m this project are 
delegates to the worlďs leadmg committee for 
temperature measurement, the Consultative 
Committee of Thermometry (CCT) The work of the 
CCT is very important for setting the framework for 
improved temperature measurement and is very 
supportive of all efforts to achieve and improve 
traceability to the International System of Umts 
(SI) The outcomes of this project will be presented 
to the CCT mamly through its Workmg Groups and 
Task Groups which many of the NMI participants 
sít on and m one čase chairs (NPL chairs WG5 on 
non-contact thermometry)
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Two bnefmg reports will be submitted to the CCT 
on the state of the art of

• Practical Johnson noise thermometry 
(A2 3 4), which is of special mterest to the 
International metrology community

• Practical phosphor thermometry (A3 2 5), 
which is currently under-represented m 
CCT discussions and documentation

EURAMET 
Techmcal 
Committee for 
Interdisciphnary 
Metrology (TC- 
IM) Metrology for 
Digital 
Transformation 
(WG M4D)

NPL,
PTB, 
VTT, 
CMI, 
SMU, 
DTI

This techmcal committee and the workmg group 
meet twice-yearly and often more frequently m the 
intenm They will be kept up to dáte by NPL, PTB, 
VTT, CMI, SMU and DTI with the machme learmng 
and sensor network metrology developments to 
mform wider discussion and consultation over 
apphcations of these to metrology in generál

EURAMET 
Techmcal 
Committee on 
Thermometry 
(TC-T)

NPL,
PTB,
DTI, CMI,
SMU,
UL, VTT, 
NSC-IM

All the NMI participants m this project are members 
of the EURAMET TC Thermometry (TC-T) 
EURAMET TC-T will be used as a mechamsm for 
dissemination of the outcomes of this project to the 
broader NMI temperature measurement 
commumty
All of the EURAMET TC-T commumty will be kept 
mformed about the progress of this project through 
regular reportmg to the TC-T at the annual 
meetmg Annual oral reports of the project 
progress will be presented to the committee and 
the participants will be asked for feedback on the 
work and results presented Peer-reviewed papers 
will also provide a reference for the committee
The EURAMET TC-T is the natural plače to identity 
possible secondees/tramees from other NMIs who 
wish to develop hke capability or who may wish to 
participate m the research underway m this project

IEC/TC 65
UkrNDNC TK 65

NSC-IM The Ukrainian Research and Traimng Center for 
Standardization, Certification and Quality 
Problems (UkrNDNC) committee on Industnal 
process measurement, control and automation 
meets bienmally and often more frequently m the 
intenm They establish the framework for improved 
temperature measurement and improved 
traceability to the International System of Umts (SI) 
and promote excellence in instrumentation and 
control NSC-IM will disseminate project outputs to 
physicists, engmeers and scientists mvolved m 
high value manufacturmg and will ask for feedback 
on the work and results presented

IEC/TC 65
Ukrainian
National Mirror
Committee TK 85

NSC-IM The UkrNDNC committee on Measurmg 
Equipment for electncal and electromagnetic 
quantities meets bienmally and often more 
frequently m the intenm They establish the 
framework for improved temperature 
measurement and improved traceability to the 
International System of Umts (SI) and promote 
excellence m instrumentation and control NSC-IM 
will disseminate project outputs to physicists, 
engmeers and scientists mvolved m high value 
manufacturmg and will ask for feedback on the 
work and results presented
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VDI - The 
Association of 
Germán 
Engmeers

PTB This association meets four times per year PTB is 
a member of the techmcal committee “FA 8 14 
Radiation thermometry and thermography" PTB 
will dissemmate projects outputs to the association 
and will ask for feedback on the work and results 
presented

IMEKO TC12 
Temperature and 
Thermal 
Measurements

DTI The committee meets irregularly and will physically 
meet m 2025 It provides a fórum for the 
orgamsation of International scientific events m 
temperature and thermal measurements TC12 
orgamses a mam symposium (TEMPMEKO) every 
three years and other speciahst scientific events 
(workshops, semmars) DTI will promote the 
project and its work to this fórum

Nadcap/SAE CCPI, 
NPL

Nadcap/SAE meets annually CCPI and NPL will 
endeavour to raise awareness of relevant 
developments and testmg of self-validatmg 
thermocouples withm the Nadcap commumty, with 
the ultimate goal of feedmg developments mto 
future updates of the AMS2750 štandard CCPI is 
a member of the committee responsible for 
AMS2750

The representatives on the correspondmg committee or WG from the participants will 
jomtly ask the chairperson to mclude a point m the agenda to briefly present the outputs 
of the project related to the WG activities and ask for comments Where appropnate a 
wntten report wiII be submitted for consideration by the committee or WG

A5 1 6
M36

A project flyer as well as a project poster will be prepared addressmg all relevant 
Information about the project to maximise awareness The texts will be wntten for non- 
specialist audience The flyer and poster will be available for download on the website 
for all participants
A 9-monthly e-newsletter will be produced and will be circulated to the Stakeholder 
Commumty The e-newsletter will also be available m the news section of the webpage 
The e-newsletter will cover generál Information about the project, participants, project 
results and upcommg events

STRATH, all 
participants

A5 1 7
M36

To enable other stakeholders to understand and háve access to the results of the 
projects at least 8 articles will be wntten for the popular press or trade journals 
Examples of súch journals are Precision, and Power and Process Engmeenng m the 
UK or Tekmsk Nyt m Denmark

STRATH, all 
participants

A5 1 8
M36

The participants are linked with and are members of vanous scientific, metrological and 
mdustrial networks These networks will be used to gam additional contacts with 
potential stakeholders Therefore, participants will actively engage m vanous 
networkmg activities Lmks to the relevant user networks will be also sought and created 
or expanded The followmg networks were identified for further activities

• European Metrology NetWork for Advanced Manufactunng
• European Metrology NetWork for Chmate and Oceán Observation
• European Metrology NetWork for Mathematics and Statistics
• Inštitúte for Measurement and Control - Standards Pohcy Panel
• Inštitúte of Physics ‘Inštrument Science and Technology’ (ISAT) committee

NPL, DTI, PTB

A5 1 9
M33

A one-day workshop will be held with the Stakeholder Commumty dunng the project 
The aim of the workshop will be to ensure that the end users of the technology 
developed are engaged and can influence the practical aspects of the project, and 
exploitation routes, throughout the programme This will be held m M33 (May 2027) at 
STRATH m Glasgow The workshop will showcase the project to the Stakeholder 
Commumty and share progress on the development of the vanous sensors and plans 
for testmg and demonstration of those sensors The target number of participants at the 
workshop is 50 The workshop will be advertised through participants' contacts, the 
Stakeholder Commumty, the projecťs newsletter, social média and the website
A free hve webmar m a form of workshop will be orgamsed (around M25 (September 
2026)) by DTI to dissemmate the progress and outcomes of the project to a wide 
audience The webmar will also be used to encourage participants to attend the 
workshop m M33

STRATH, DTI, 
all participants
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A5 1 10
M36

At least one lecture per year will be given at a major European trade fair or industrially 
focused conference (examples of these are the Farnborough Airshow m the UK, Sensor 
and Test and Hannover Messe, New cast and Glasstec trade shows m Germany and 
the annual Nuclear Power Európe exhibition and conference)

STRATH, all 
participants

A5 1 11
M36

Several exchanges of staff between participants’ institutes will také plače dunng the 
project

• OVGU will send staff members to NPL for 3 weeks to make use of the high 
temperature furnaces at NPL for phosphor temperature calibration m A3 2 2

• DTI will send a staff member to NPL for 2 weeks to collaborate on high 
temperature phosphor thermometry m A3 2 1

• NPL will send a staff member to DTU and PTB to work together on local 
commissioning of the portable štandard fláme m A4 3 3

» DTI wiII send a staff member to DTU to cooperate on thermometry for reformer
tubes usmg DTU’s emissivity facility m A3 3 2

NPL will deliver trammg on temperature metrology which will mclude developments m 
this project (and also from EMPÍR projects 14IND04 EMPRESS and 17IND04 
EMPRESS 2) as part of its regular temperature metrology traming course This course 
is held every 18 months and is attended by delegates from across the globe Course 
will be held in December 2025

STRATH, all 
participants

A5 1 12
M36

General pubhc exposure to the project developments and fmdmgs will be done through 
relevant social média platforms Linkedln will be used to target followers and 
connections m the work-related settmgs Other social média may be used m conjunction 
with dissemination through the press, e g , popular articles, press releases at onset and 
end of project
The consortium will tag EURAMET on Lmkedln with ‘©EURAMET’ ‘and ©EURAMET’ 
- The European Association of National Metrology Institutes’ respecfively so that 
EURAMET can share if appropriate Also, hashtags súch as #measurementscience, 
#metrology, #EUfunded, #EUPartnership should be used if possible
In addition, NPL mamtains a Lmkedln group “Thermocouples m Industry”, despite the 
title, stakeholders are mterested m wider process control thermometry m industry This 
group will be used to dissemmate project outputs, events etc There are 207 members

STRATH, all 
participants

A5 1 13
M36

Papers and reports produced by the project m techmcal WPs will be dissemmated by 
the consortium Pubhcations will be made available on the project website and 
distnbuted to the commumty for process control thermometry m industry and other 
potential end users by email This mcludes

• Reference emissivity dataset for key engineermg matenals (A1 2 2) - PTB, 
NPL, M9

• Reference emissivity dataset for selected thermographic phosphors (A3 1 5) 
- PTB, NPL, M24

• Peer-reviewed publication on pre-key comparison of súriace thermometry 
(A1 4 3) - PTB, NPL, CMI, M36

• Peer-reviewed publication on techmques developed for traceable quantitative 
thermal imagmg (A1 4 4) - NPL, PTB, CMI, SMU, VTT, Beamex, M36

• Peer-reviewed publication on Johnson noise thermometry electromcs with a 
technology readmess level of 6 for use m harsh mdustnal environments up to 
1200 °C (A2 1 6) - PTB, NPL, Metrosol, UL, CMI, M27

• Report on a robust próbe assembly for measunng Johnson noise m harsh 
environments (A2 2 5) - NPL, PTB, UL, CMI, Metrosol, STRATH, UoM, M34

• CCT bnefmg report on the state of the art of practical JNT (A2 3 3) - PTB, 
NPL, Metrosol, UL, CMI, UoM, M34

• Peer-reviewed pubhcation on the robustness of phosphor thermometry up to 
1250 °C (A3 1 7) - NPL, DTI, OVGU, STRATH, M30

• Peer-reviewed publication on the metrological evaluation of novel high 
temperature phosphor thermometry (A3 2 4) - NPL, DTI, OVGU, M30

• CCT briefing report on traceable phosphor thermometry includmg best practice 
m the preparation, application, and temperature measurement of phosphor 
coatmgs (A3 2 5) - NPL, DTI, M30

• Trade Journal article on practical high temperature phosphor thermometry m 
high value manufactunng (A3 3 4) - NPL, STRATH, DTI, BAE, M34

• Trade Journal article on the application of Al approaches to enable traceable

NPL, all 
participants
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m-situ temperature measurement m industrial apphcations (A4 3 7) - DTU, 
NPL, PTB, VTT, NSC-IM, STRATH, UL, B&WVolund, CCPI, Beamex, M33

• Peer-reviewed pubhcation on the apphcation of Al to enable m-situ traceable 
thermometry m industrial apphcations (A4 3 8) DTU, NPL, PTB, VTT, NSC-IM, 
STRATH, UL, B&WVolund, CCPI, Beamex, M36

• Peer-reviewed pubhcation on the use of machme learnmg for automation of 
self-vahdatmg thermometers (A4 1 8) - NPL, UL, CCPI, NSC-IM, STRATH, 
M34

• Trade Journal article descnbing apphcations of Al tools for retnevals of gas 
temperature from hne-of-sight measurements (A4 2 8) - PTB, DTU, NPL, 
B&WVolund, M36

• Peer-reviewed pubhcation describmg the Al-dnven reference surface (A4 3 6) 
-VTT, Beamex, NPL, PTB, M36

C5.b Task 5.2: Exploitation and uptake

Activity 
number

Activity description Participants 
(Lead in bold)

A5 2 1
M 36

A dissemination, communication and exploitation plaň (DCE) will be created at the 
beginnmg of the project by DTI, with support from all parficipants, and submitted to 
EURAMET at M6 It will be reviewed and updated at least at each project meetmg
The DCE plaň will provide further details on the expected results, súch as

• Expected result 1 - Practical quantitative thermal imaging usmg in-situ 
references, mcluding spectral, angular and hemisphencal emissivity datasets 
for several key engineermg matenals and selected phosphors

• Expected result 2 - Elevated operational readmess of practical JNT for use m 
industrial environments at temperatures up to 1200 °C

• Expected result 3 - Phosphor thermometry up to 1250 °C
• Expected result 4 - Al tools for enhanced m-process thermometry

DTI, all 
participants

A5 2 2
M36

Expected result 1 - Practical quantitative thermal imagmg usmg in-situ references 
(Al 4 4) and emissivity dataset for several key engineenng matenals and selected 
phosphors, includmg spectral, angular, and hemisphencal emissivity (A1 2 9)
The emissivity data pubhshed dunng the project will háve immediate direct impact for 
practitioners by improvmg thermal imaging measurements, even without the m-situ 
references The new techmques usmg in-situ references will be dissemmated through 
acadernic and trade Journal articles They will also be available m the relevant 
participants’ laboratones for use by customers m e g consultancies

NPL, CMI, DTI, 
PTB, SMU, VTT, 
STRATH, 
Beamex

A5 2 3
M36

Expected result 2 - Elevated operational readmess of practical JNT for use m industrial 
environments at temperatures up to 1200 °C (A2 1 6, A2 2 5)
Johnson noise thermometry will be demonstrated by Metrosol/NPL, PTB, CMI and UL 
m industrial mduction furnaces at STRATH, and by Metrosol/NPL, UoM and PTB m 
lomsmg radiation environments representative ofnuclear waste storage and processmg 
environments at NPL
The exploitation route will be estabhshed through collaborators (e g , Magmcon, 
Isothermal Technology, TRM Limited)

NPL, CMI, PTB, 
UL, Metrosol, 
STRATH, UoM

A5 2 4
M36

Expected result 3 - Phosphor thermometry up to 1250 °C (A3 2 2)
NPL, OVCU and DTI will implement the new vahdated phosphor thermometers This 
will provide NPL, OVGU and DTI the ability to offer calibrated surface temperature 
measurements up to 1250 °C (1200 °C for DTI) with an accuracy of 10 °C
NPL will develop an exploitation route for phosphor thermometry This will mclude 
progress towards the commerciahsation of the fibre-based thermometer systém and the 
seekmg of follow-on grant fundmg to assess market needs, design of a practical 
demonštrátor inštrument and networkmg with early adopters Its practicality and 
effectiveness will be demonstrated by tnals m marme manufacturmg with BAE Systems, 
and formmg/forgmg at STRATH

NPL, DTI, 
OVGU, 
STRATH, BAE
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A5 2 5
M36

Expected result 4 - Al tools for enhanced m-process thermometry
The use of machme learnmg for automation of self-vahdatmg thermometers, including 
čase studies in industnal heat treatment plants (A4 1 8)
This will be mcluded m the accredited procedúre for the use of self-vahdating 
thermocouples Furthermore, the outcome will be presented to CCPI and their 
customers and collaborators (industnal mstrumentation manufacturers, e g , Kambič), 
with the potential to be mcorporated m the high temperature furnaces, and to 
collaborators who are end users (e g , Khmelnitsky Nuclear Power Plánt and Rivne 
Nuclear Power Plánt)
Exploitation through licensmg to CCPI and collaborators (e g , Kambič) will be pursued
Applications of Al tools for retnevals of gas temperature from hne-of-sight 
measurements (A4 2 8)
This will be demonstrated through waste incmeration process control tnals at 
B&W Volund The outputs will be presented to relevant mstrumentation manufacturers 
Al-dnven reference surface (A4 3 6)
VTT and Beamex will exploit the existmg route to market for dry-block calibrator mserts 
to enable cahbration of thermal imagers and phosphor thermometry with the neural 
network based flat-plate blackbody msert, via Beamex

NPL, UL, CCPI,
NSC-IM,
STRATH, 
B&W Volund, 
VTT, Beamex

AH IP and potential hcencing/exploitation will be handled m accordance with the Grant Agreement and the 
Consortium Agreement

C6 WP6: Management and coordination

C6.a Task 6.1: Project manaqement

C6.b Task 6.2: Project meetings

Activity 
number

Activity description Participants 
(Lead m bold)

A6 1 1
M36

The project will be managed by the coordmator from DTI, who will be supported by the 
project management board (PMB) consistmg of the coordmator and one representative 
from each participant mcludmg the work package leaders The coordmator will be 
strongly supported with the scientific and technical direction by NPL
The members of the project management board will guide the project, identity upcommg 
nsks and help with resolvmg them, organise and attend the project consortium 
meetmgs, and set up ad-hoc meetmgs if needed to ensure the overail projecťs success

DTI, all 
participants

A6 1 2
M36

The work package leaders will report on the on-gomg progress of the project to the 
coordmator by e-mail and web-meetmgs

DTI, NPL, PTB, 
DTU,STRATH

A6 1 3
M36

The coordmator, with support from the participants, will manage the projecťs nsks to 
ensure timely and effective delivery of the scientific and techmcal objectives and 
deliverables

DTI, all 
participants

A6 1 4
M36

The consortium will ensure that any ethics issues identified are addressed DTI, all 
participants

Activity 
number

Activity description Participants 
(Lead m bold)

A6 2 1
M1

The kick-off meetmg mvolvmg all participants will be held approximately one month after 
the štart of the project, at DTI

DTI, all 
participants

A6 2 2
M36

There will be 5 formal project meetmgs These meetmgs mclude the kick-off meetmg 
(A6 2 1), a meetmg at NPL (M 13 (September 2025)), a mid-term onlme meetmg (around 
M18 (February 2026)), a meetmg at STRATH (M25 (September 2026)) and a meetmg 
at PTB (M34 (June 2027)) The meetmgs will review progress and be used to ensure 
participants are clear as to their role for the next periód
Members of the Stakeholder Commumty, and collaborators, will be mvited to jom a 
section m the meetmgs where appropnate

DTI, all 
participants
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A6 2 3
M36

In addition, techmcal meetmgs of work package groups may be held whenever 
necessary and will be arranged on an ad hoc basis

DTI, all 
participants

C6.c Task 6.3: Project reporting

Formal reportmg will be m hne with EURAMET’s requirements and will be submitted in accordance with the 
Reportmg Guidelmes

Activity 
number

Activity description Participants 
(Lead m bold)

A6 3 1
M1

One month after the štart of the project a publishable summary will be produced and 
submitted to EURAMET

DTI, all 
participants

A6 3 2
M6

Six months after the štart of the project a data management plaň (DMP) and a 
dissemination, communication and exploitation plaň (DCE) will be produced and 
submitted to EURAMET

DTI, all 
participants

A6 3 3
M36 
+60 days

Followmg Articles 19 and 21 and the data sheet of the grant agreement, Information will 
be submitted to EURAMET, m accordance with the procedures issued by them to 
enable EURAMET to comply with its obhgations to report on the programme to the 
European Commission

Progress reports will be submitted at months 9, 27 (May 2025, November 2026 
+ 45 days), 18, 36 (February 2026, August 2027 + 60 days)
Outcomes and Impact reports and updated publishable summanes will be 
submitted at the samé times

All participants will provide mput to these reports and the coordmator will provide these 
and updated publishable summanes to EURAMET
Where necessary, additional reports and / or Information may be requested to enable 
EURAMET to comply with its obligations to the European Commission

DTI, all 
participants

A6 3 4
M36 
+60 days

Penodíc Reports (includmg fmancial reports, updated data management plaň, and 
updated dissemination, communication and exploitation plaň) will be dehvered at 
months 18 and 36 (February 2026, August 2027 + 60 days) m accordance with Articles 
19 and 21 and the data sheet of the grant agreement
All participants will provide mput to these reports and the coordmator will provide these 
to EURAMET

DTI, all 
participants

A6 3 5
M36 
+60 days

Fmal Reports will be dehvered at month 36 (February 2026, August 2027 + 60 days) m 
accordance with Articles 19 and 21 and the data sheet of the grant agreement
All participants will provide mput to these reports and the coordmator will provide these 
to EURAMET

DTI, all 
participants

A6 3 6
M20

Some projects will be subject to a midterm review m Sprmg 2026 Where projects are 
selected for a midterm review, reports (project self-assessment, updated publishable 
summary and presentation) will be dehvered prior to the midterm reviews for Call 2023, 
followmg the schedule detailed by EURAMET for the specific review
All participants will provide mput to these reportmg documents and the coordmator will 
provide the documents to EURAMET

DTI, all 
participants
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C7 Gantt chárt

Second Year
18 19

WP1

Task 1.2
Al.2.1
Al.2.2

Task 1.4
Al.4.1
Al.4.2
Al.4.3
Al.4.4

Al.1.4
Al.1.5
Al.1.6
Al.1.7

Al.2.3
Al.2.4
Al.2.5
Al.2.6
Al.2.7
Al.2.8
Al.2.9
Task 1.3
Al.3.1
Al.3.2
Al.3.3
Al.3.4
Al.3.5

WP1
Task 1.1
Al.1.1
Al.1.2
Al.1.3

First Year
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Second Year

WP2

WP2
Task2.1
A2.1.1

A2.2.2
A2.2.3

A2.3.3

Task 2.2
A2.2.1

A2.1.2
A2.1.3
A2.1.4
A2.1.5
A2.1.6

A2.3.1
A2.3.2

A2.2.4
A2.2.5
Task 2.3

First Year
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Second Year

WPS

WPS

A3.1.4
A3.1.5
A3.1.6
A3.1.7
Task3.2

A3.2.6
Task3.3

A3.3.3
A3.3.4

A3.2.4
A3.2.5

A3.3.1
A3.3.2

TaskS.l
A3.1.1
A3.1.2
A3.1.3

A3.2.1
A3.2.2
A3.2.3

First Year
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First Year

WP4

WP4
Task4.1

A4.1.7
A4.1.8
Task 4.2

A4.2.6
A4.2.7

A4.3.1
A4.3.2

A4.1.1
A4.1.2
A4.1.3
A4.1.4

A4.2.1
A4.2.2

A4.1.5
A4.1.6

A4.2.3
A4.2.4
A4.2.5

A4.3.3
A4.3.4
A4.3.5
A4.3.6
A4.3.7
A4.3.8

A4.2.8
Task 4.3

Second Year
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Second Year

WPS

WPS
TaskS.l

A5.1.5
A5.1.6
A5.1.7
A5.1.8

A5.1.11
A5.1.12
A5.1.13
TaskS.2
A5.2.1
A5.2.2
A5.2.3

A5.1.1
A5.1.2
A5.1.3
A5.1.4

A5.1.9
A5.1.10

A5.2.4
A5.2.5

First Year
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Section D: Risk and risk mitigation

D1 Scientific/technical risks
Risk (descnption) Likelihood, impact and 

seventy of occurrence
Mitigation

i e what the consortium will do 
to decrease the likehhood of the 
risk occurnng

Contingency

i e what the consortium will do 
if despite the mitigation the 
risk still occurs

Task 1 1

Difficulty m optimismg 
bmder/phosphor recipe m 
terms of adhesion, 
calibration cycle stability, 
durability, and temperature 
sensitivity

Likehhood after mitigation
Low

Impact The lower temperature 
cannot be reached rehably

Level of seventy Médium

Previous work has been done on 
low temperature phosphors 
which renders this outcome 
unhkely

The minimum temperature 
range will be reduced

Task 1 1

Difficulty m obtaming a 
suitable phosphor for 
furnace tnals

Likehhood after mitigation 
Low

Impact Delays in the delivery 
of Task 1 1

Level of seventy Médium

AH participants háve highly 
competent staffwith a high level 
of expertise m phosphor 
thermometry

There is a wide range of 
potential supphers of phosphors

Participants will draw on 
contacts to obtam access to 
another suitable phosphor 

In worst čase, project plaň 
might be modified to account 
for the delay

Task 1 2

The existmg phosphor 
thermometer (fibre coupled 
or camera based) cannot be 
modified to operate below 
0°C

Likelihood after mitigation
Low

Impact The operation over the 
full temperature range 
(-100 °C to 500 °C) cannot be 
demonstrated

Level of seventy Médium

Previous work has been done on 
phosphor thermometers Srnce 
several techmcal approaches are 
possible to achieve this goal, this 
outcome is unhkely

The minimum temperature 
range will be reduced

Task 1 3

The scene-based non- 
umformity correction method 
for thermal imager cannot be 
apphed on the reference 
scene

Likehhood after mitigation 
Low

Impact The overall 
uncertamty of the quantitative 
thermal imaging temperature 
measurement is mcreased

Level of seventy Médium

Previous work has shown that 
the ex-situ use of scenes without 
sharp-kmfe style temperature 
changes can be used to obtam a 
non-umformity correction for 
thermal imagers

The mternal non-umformity 
correction of the thermal 
imager will be used

Task 1 3

The scene-based 
non-umformity correction 
cannot be implemented mto 
the thermal imager provided 
by the collaborators

Likehhood after mitigation
Low

Impact Only the mternal 
nonuniformity correction of the 
thermal imagers can be used

Level of seventy Médium

The scene-based non-umformity 
correction will be apphed m a 
postprocessmg of the thermal 
image

The mternal non-umformity 
correction of the thermal 
imager will be used

Task 1 4

The different surface 
thermometry techmques are 
not consistent withm the 
uncertamty

Likehhood after mitigation 
Low

Impact AwiderCCT 
intercompanson is not viable

Level of seventy Médium

This will be useful Information 
with which the uncertamty 
estimates can be improved

Any anomalous techmques will 
be identified and associated 
uncertamties expanded or 
otherwise further explored

Task 2 1

Difficulty m obtaming 
traceability to electncal 
standards, particularly for 
absolute power spectral 
density

Likehhood after mitigation 
Médium

Impact Reduction m accuracy 
of traceability to electncal 
standards

Level of seventy Médium

The consortium will use their 
expenence m methods of 
traceable AC measurements, 
use precise AC source 
(e g Josephson array)

The participants will settle for 
traceability to temperature 
standards, where they can 
defmitely obtam traceability to 
the required accuracy (though 
electncal traceability is 
conceptually preferred)
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Task 2 2

The layout design and 
formát for a robust próbe 
assembly under harsh 
environments requires 
different matenals for 
electrodes or different 
thickness of boron nitnde 
dielectric m the fabrication of 
the graphene sensmg 
element

Likehhood after mitigation 
Médium

Impact Delays m 
development of the próbe 
assembly needed for JNT

Level of seventy Médium

Best practice for electrode 
matenals and dielectnc 
encapsulation for robust 
operation will be exchanged 
between all participants from the 
štart of the project, to anticipate 
súch design considerations

The timelme is arranged to 
allow for iterations of the próbe 
fabncation, so the design and 
assembly will already mclude 
reliable electrode matenals 
and encapsulation before 
movmg to tests under harsh 
environments

Task 2 2

Difficulty m identifymg 
suitable próbe matenals

Likehhood after mitigation
Low

Impact Reduction m accuracy 
of temperature measurement, 
mcrease m calculation 
complexity

Level of seventy Médium

The consortium will use 
knowledge from some 
prehminary tests already 
conducted and alter physical 
layout and temperature profile of 
próbe to reduce effect

The consortium will calculate 
effect and alter other 
parameters to mimmise, for 
example change sensor 
resistance

Task 2 2

Difficulty m fabncating a 
suitable graphene sensor 
resistor withm the required 
timeframe

Likehhood after mitigation 
Médium

Impact Delays m 
development of the practical 
sensmg element for Johnson 
noise thermometers

Level of seventy Médium

The project has planned several 
rounds of fabncation to account 
for optimisation of the fabncation 
process Additionally, the 
required design has been 
simphfied to reduce fabncation 
nsks

There are commercially 
available graphene devices 
that can be adapted to the 
task after the graphene is 
properly encapsulated The 
consortium can purchase 
these and focus the work onto 
the encapsulation alone

Task 2 2

Difficulty m mcorporatmg the 
graphene sensor resistor 
mto a practical próbe 
assembly

Likehhood after mitigation 
Médium

Impact Delays m 
development of the próbe 
assembly needed for Johnson 
noise thermometers

Level of seventy Médium

The project has planned an early 
štart to allow for several 
iterations of the próbe design 
and assembly The design will 
be kept as simple as possible

The participants háve close 
hnks with several thermometry 
próbe manufacturers with 
considerable expertise and 
fabncation facíhties for a wide 
range of different types of 
próbe assembly The 
consortium can draw on this 
expertise if necessary

Tasks2 2, 2 3, 3 3, 4 1,42

Unable to obtain access to 
unfunded participants’ / 
collaborators’/ end-users’ 
facíhties to evaluate the 
project devices

Likehhood after mitigation 
Low

Impact Tnalhng of the sensors 
m the actual high-value 
manufacturing process 
environments concerned 
would be impossible

Level of seventy Low

There is a sufficient number of 
project participants and 
collaborators who are high-vaiue 
manufactunng orgamsations to 
re-distribute tasks should it be 
necessary

Participants will draw on 
contacts to obtain access to 
another industnal site and test 
the devices

Tasks2 2, 2 3, 3 3, 4 1,42

Industnal equipment to test 
out project devices go out of 
Service or not available

Likehhood after mitigation 
Médium

Impact This will cause the 
delay with expenments and 
project dehvery

Level of seventy Médium

Regular checks of the machmes 
will be carned out

The consortium will ensure early 
plannmg to avoid clash between 
expenments and mamtenance 
Services

Participants will draw on 
contacts to obtain access to 
replacement equipment

Industnal testmg will be 
reviewed and hmited

Task 2 3

The different JNT 
techmques are not 
consistent withm the 
uncertamty

Likehhood after mitigation 
Low

Impact One or more of the 
JNTs cannot be used with 
confidence

Level of seventy Médium

This will be useful Information 
with which the uncertamty 
estimates can be improved

Any anomalous techmques will 
be identified and associated 
uncertamties expanded or 
otherwise further explored

Task 3 1

Phosphor cannot be used up 
to 1250 ’C

Likehhood after mitigation 
Low

Impact Target uncertamty of 
phosphor-based thermometry 
cannot be achieved

Level of seventy Médium

Previous work has been done on 
high temperature phosphors 
which renders this outcome 
unhkely

The maximum temperature will 
be reduced
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Task 3 1

Phosphor decay tíme versus 
temperature cahbration 
uncertamty is too large at 
higher temperatures
> 500 °C

Likelihood after mitigation
Low

Impact Target uncertamty of 
phosphor-based thermometer 
cannot be achieved

Level of seventy Médium

Alternatíve phosphors may be 
used, mvestigate alternatíve 
laser/LED hght sources A 
number of experts are mvolved 
m this work package and it is 
expected that a solution can be 
found

Uncertamty can be expanded

Task 3 1

The phosphor mtensity ratio 
techmque is new to the 
principál mvestigators

Likehhood after mitigation
Low

Impact Target uncertamty of 
phosphor-based thermometer 
cannot be achieved

Level of seventy Médium

Prehminary tnals usmg a smgle 
spot mtensity ratio phosphor 
thermometer will be carned out 
mdependently of the project 
This will improve the prospects 
of meetmg the target uncertamty 
and mitigate non-comphance

The temperature range will be 
restncted and/or the stand-off 
dištance reduced

Task 3 1

Difficulty m selectmg a 
suitable phosphor/bmder 
combination for operation up 
to 1250 °C

Likehhood after mitigation 
Médium

Impact Delays m 
development of phosphor 
thermometer systém

Level of seventy Médium

All participants háve highly 
competent staff with a high level 
of expertise m phosphor 
thermometry

Access to experts m the field 
who are not directly mvolved m 
the project will mcrease the pool 
of knowledge and mmimise nsks

The development of the 
fibre-based phosphor 
thermometers may be delayed 
but not halted

Task 3 2

Measurement challenges 
due to high temperature 
(1250 °C) and extreme 
conditions m the reheat 
furnace

Likehhood after mitigation
Low

Impact Target uncertamty of 
phosphor-based thermometer 
cannot be achieved

Level of seventy Médium

Previous work has been done on 
high temperature phosphors 
mdicatmg that matenals with 
suitable temperature ranges and 
host compounds with suitable 
Chemical stability exist which 
render this outcome unhkely

The maximum target 
temperature will be reduced

Task 3 3

The phosphor does not 
survive for long enough in 
the mdustnal harsh 
environments for sufflcient 
measurements to be made

Likehhood after mitigation 
Low

Impact Phosphor cannot be 
demonstrated m mdustnal 
apphcations

Level of seventy Médium

Several different mdustnal tnals 
are planned so the risk is well 
spread Development and testmg 
m Tasks 3 1 and 3 2 should 
mitigate this risk

The range of target mdustnal 
apphcations will be narrowed

Task 4 1

Machme learnmg algonthm 
cannot be made to work with 
the available 
temperature-time data

Likehhood after mitigation 
Low

Impact Self-vahdatmg 
thermocouples cannot be 
automated

Level of seventy Médium

Previous work has been done on 
machme learnmg algonthms for 
this apphcation [39] which 
suggests at least one envisaged 
approach is feasible

A wide range of approaches 
are available and will serve as 
backup methods

Task 4 2

Equipment damage/loss 
dunng transportation to 
participants’ facilities

Likehhood after mitigation 
Low

Impact Damageorde- 
cahbration of the NPL 
štandard fláme will make 
companson measurements 
between the participants’ 
facilities unrehable

Level of seventy Médium

NPL staff wilí travel with all 
sensitive equipment dunng 
transít to ensure its condition on 
arnval at the participanťs facíhty

Pre-mstallation tests will 
identity whether damage has 
occurred

Spare parts mcludmg a 
complete burner and flow 
controllers will be available to 
repair the systém if required

Task 4 2

Failure of fláme burner 
systems at participants' 
laboratones

Likehhood after mitigation 
Low

Impact Delay m 
commissionmg of fláme 
standards resultmg m delay m 
task completion

Level of seventy Médium

All participants háve mternal 
procedures to ensure facilities 
are fit-for-purpose and 
age/performance is momtored

Some margm on the tíme 
required for undertakmg the task 
has been mcluded m the planned 
test schedule

Participants háve access to 
replacement burners and 
associated fuel mixíng/control 
equipment
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Task 4 2

High degree of techmcal 
challenge Measuring fláme 
temperatures with a target 
uncertainty of 0 5 % requires 
a high degree of techmcal 
knowhow

Likehhood after mitigation 
Médium

Impact The uncertainty of the 
optical thermometry 
techmques does not reach the 
required level

Level of seventy Médium

AH participants háve highly 
competent staff with substantial 
expertise in fláme temperature 
measurement

The collaboration between 
participants will provide 
opportumties to share knowledge 
and best practice

More than one optical 
diagnostic techmque is 
available at the participants’ 
facilities This provides good 
contmgency as it is highly 
unhkely that all methods would 
be unsuccessful

Task 4 2

A line-of-sight IR emission 
systém may fail to achieve 
the challengmg overall 
temperature measurement 
uncertainty because of a low 
sensitivity of the IR 
spectrometer

Likehhood after mitigation 
Low

Impact The uncertainty of the 
optical thermometry 
techmques does not reach the 
required level

Level of seventy Médium

All participants háve highly 
competent staff with substantial 
expertise m fláme temperature 
measurement A low-resolution 
FTIR will be used mstead as a 
back-up to the IR spectrometer 

The collaboration between 
participants will provide 
opportumties to share knowledge 
and best practice

The combined uncertainty will 
be expanded

Task 4 3

The neural network does not 
provide an adequate 
prediction of the insert plate 
surface temperature

Likehhood after mitigation 
Low

Impact The uncertainty of the 
surface thermometry 
cahbration artefact is too large

Level of seventy Médium

The team is highly expenenced 
at developing high quality 
reference thermometry 
mstrumentation and high quality 
neural network algonthms

The uncertainty of the 
reference temperature and its 
areal distnbution will be 
expanded

D2 Management risks
Risk (description) Likehhood, impact and 

seventy of occurrence
Mitigation

i e what the consortium will do 
to decrease the likehhood of the 
risk occurnng

Contmgency

i e what the consortium will do 
if despite the mitigation the risk 
still occurs

Key personnel are lost to the 
project

Likehhood after mitigation 
Médium

Impact The loss of key team 
members could result m delay 
of dehverables and the project 
or m worst čase that specific 
tasks cannot be dehvered

Level of seventy Médium

None of the team members are 
planmng to leave or retire withm 
the project, although the 
possibility of ill-health or 
accidents cannot be discounted

Although each team member 
has valuable expenence that is 
not rephcated exactly by other 
team members, the groupmg of 
European experts withm the 
consortium should mimmise the 
techmcal areas where 
knowledge is held by a smgle 
person

All the participants will identify 
backups for key workers 
wherever possible to reduce the 
overall risk to the project Project 
plans will be shared withm the 
consortium and results and 
methodology will be 
documented

If a key member leaves the 
project, then the participant 
concerned will be responsible 
for appomtmg a replacement 
In extreme cases work will be 
re-allocated between 
participants

Complexity of fmancially and 
techmcally managmg a large 
consortium of participants

Likehhood after mitigation 
Médium

Impact Failure to fully 
cooperate or commumcate 
effectively withm the 
consortium could endanger 
efficient dehvery of the project

Level of seventy Médium

The project is led by an 
expenenced coordmator and 
expenenced WP leaders They 
will regularly commumcate both 
m connection with the project 
meetmgs and m between This 
will ensure that potential 
problems are identified early 
and that all participants are clear 
on their roles

WP leaders will play an 
important role m flaggmg up 
potential problems to the 
coordmator and the Project 
Management Board, who will 
then decide on the best course 
of action to také If necessary, 
work will be reassigned to an 
alternatíve participant, or parts 
of the work re-scoped m 
agreement with EURAMET
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Inter-dependencies between 
techmcal activities and tasks 
are too complex

Likelihood after mitigation 
Médium

Impact Tasks are delayed, or 
it is not possible to dehver 
them

Level of seventy Médium

Techmcal meetmgs run by WP 
leaders háve been scheduled to 
ensure proper sharmg of 
knowledge The 
mterdependencies between 
tasks will be considered at 
meetmgs to ensure that this is 
addressed properly m the 
plannmg of the work The 
techmcal WPs will be closely 
managed by their WP leaders to 
ensure that they dehver their 
own outputs

In most cases, activities on the 
cntical path háve some overlap 
m tíme and thus a delay m the 
output of one deliverable does 
not necessanly cause an 
immediate delay m another

Problems deahng with 
Intellectual Property (IP) 
ownership and/or 
exploitation might occur and 
could be a source of 
potential conflict

Likehhood after mitigation 
Médium

Impact Disagreement 
between project participants 
could delay the project (m 
implementing the work and 
pubhshmg results)

Level of seventy Médium

All beneficianes will sign the 
grant agreement and all 
participants will sign the 
consortium agreement, which 
mcludes IP clauses IP will be 
handled accordmgly

Independent arbitrators will be 
used m the event of 
disagreement between 
participants

A collaborator fails to 
provide access to 
facilities/site or equipment

Likehhood after mitigation 
Médium

Impact The consortium may 
not be able to complete the 
planned work, or the work 
might need to be delayed until 
another collaborator or 
alternatíve access to facilities 
or equipment is found The 
consortium may not be able to 
perform the mdustnal 
validation m WP3

Level of seventy Médium

The coordmator or relevant 
participant will haise with the 
collaborator early m the project 
regardmg access to facilities/site 
or equipment All collaborators 
are professional compames or 
orgamsations and expenenced 
m project-work Any issues will 
be discussed at the regular 
techmcal web-meetmgs and 
taken čare of

The WP leaders will together 
with the coordmator identify 
and approach alternatíve 
collaborator with suitable 
facilities/ site or equipment

The onsite facilities of 
participants, and/or access 
to public/commercial 
Services or sites is restncted 
for a periód of tíme durmg 
the project due to an 
extraordmary event or 
situation that is beyond the 
participants’ control 
e g COVID-19

Likehhood after mitigation 
High

Impact Activities and 
deliverables are delayed, or no 
longer able to be completed

Level of seventy Médium

In most cases, activities on the 
cntical path háve been 
scheduled to háve some overlap 
m tíme and thus a delay m the 
output of one activity will not 
necessanly cause an immediate 
delay m another

Where possible, work will be 
reassigned to an alternatíve 
participant, or rephased, 
therefore mmimismg delays 
and techmcal deviations that 
would háve a negatíve impact 
on the project

If necessary, the consortium 
will contact EURAMET to 
discuss options accordmg to 
the grant agreement

Orgamsation of workshops 
and jomt demonštrátor 
activities m a post- or trans- 
COVID world

Likehhood after mitigation 
Médium

Impact Failure to show the 
outputs at workshops or 
through jomt demonštrátor 
activities nsks reducmg the 
knowledge transfer and impact 
from the project

Level of seventy Low

Although most COVID travel 
restrictions háve been removed, 
there is the possibility that some 
restnctions may be re- 
mtroduced nationally or 
mternationally, or orgamsations 
may apply their own restnctions 

Some flexibility is built mto the 
tasks and activities with nommal 
locations and dates, but these 
will be reviewed nearer the tíme 
and the consortium will decide 
on the appropnate locations of 
súch activities e g to také 
advantage of/cope with moved 
external events

Alternatives súch as webmars 
or onhne meetmgs can be 
used
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D3 Ethics
The Partnership Ethics Review 2023 has given JRP 23IND11 ThermoSI “Ethics clearance”.

Ethical integrity

The participants will ensure that all ethics issues related to activities in the project are addressed in compliance 
with ethical principles (including the highest standards of research integrity as set out in the ALLEA European 
Code of Conduct for Research Integrity https://ec.europa.eu/info/fundinq-tenders/opportunities/docs/2021- 
2027/horizon/quidance/european-code-of-conduct-for-research-inteqrity horizon en.pdf), the applicable 
international and national law, and the provisions set out in the grant agreement. This includes the ethics 
issues identified in the ethics screening and the submitted documents, and any additional ethics issues that 
may emerge in the course of the project. In the čase where any substantial new ethics issues arise, participants 
will inform the granting authority EURAMET e.V, and for each ethics issue applicable, participants will follow 
the guidance provided in the Horizon Európe 'How to complete your ethics self-assessmenť guide'.

The consortium will ensure that appropriate procedures, policies and structures 
(https://ec.europa.eu/info/fundinq-tenders/opportunities/docs/2021-2027/horizon/quidance/quideline-for- 
promotinq-research-inteqrity-in-research-performinq-orqanisations horizon en.pdf) are in plače to foster 
responsible research practices, to prevent questionable research practices and research misconduct, and to 
handle allegations of breaches of the principles and standards in the Code of Conduct.

Data protection

By signing or acceding to this grant agreement and / or consortium agreement each participant asserts that 
the requirements of the General Data Protection Regulation (GDPR) 2016/679 which entered into force on 25 
May 2018 will be met. Under the regulation, the data controllers and processors are fully accountable for the 
data processing operations. Any violation of the data subject rights may lead to sanctions as described in 
Chapter VIII, art.77-84 of the GDPR.

If personál data are transferred from the EU to a non-EU country or international organisation, súch transfers 
will be in accordance with Chapter V of the GDPR 2016/679. If personál data are transferred from a non-EU 
country to the EU (or another third state), súch transfers will comply with the laws of the country in which the 
data was collected.

Non-EU countries

The consortium will ensure that participants and collaborators, including those from non-EU countries, fully 
adhere to Horizon Európe ethics standards and guidelines, no matter where the research or activities are 
carried out and that research or activities performed outside the European Union are compatible with EU, 
national and international legislation and can be legally conducted in one of the EU Member States. If 
applicable, details on the materiál, samples and/or equipment which will be imported to/exported from EU mušt 
be provided and the adequate authorisations granted by the relevant authorities háve been or will be obtained 
and kept on filé by the consortium. The consortium will also, in the čase of dual use applications, clarify whether 
any export licence is required for the transfer of knowledge, equipment or materiál.

Artificial intelliqence

The ethics screening identified that there are issues arising from project work involving artificial intelligence.

By signing or acceding to this grant agreement each participant asserts that any work involving artificial 
intelligence is carried out in agreement with ethical principles and relevant legislations. The project will use Al 
as a mathematical tool to enhance industrial temperature measurement systems. Machine learning based 
sensors consist of a conventional sensor and a machine learning model embedded in their measurement 
systém. The model allows the sensors to detect measurement drift, but it does not influence the 
machine-human interaction. Al tools to be used in this project shall not interact with, replace or influence human 
decision-making processes.

The consortium will ensure that any Al methods used and/or developed in the project comply with the 
prerequisites for ethically sound Al systems in accordance with the ‘Ethics Guidelines for Trustworthy Aľ.
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Section E: References
[1] In the čase of Johnson noise thermometry, traceability is to electncal standards, givmg a reference to 

electncal energy which is directly related to thermal energy and hence temperature m the new SI with the 
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https Z/www bipm orq/utils/en/pdf/si-mep/SI-App2-kelvin pdf, for more details on the kelvin redefmition see 
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[4] 14IND04 EMPRESS and 17IND04 EMPRESS 2 were the first "Enhancmg process efficiency through 
improved temperature measurement" projects, which ran from May 2015 to Apríl 2021 These ground- 
breakmg projects brought together NMIs, umversities, sensor manufacturers and mdustnal end-users m 
high value manufactunng to solve a suite of specific, documented process control challenges m real-world 
high value manufactunng applications EMPRESS 2 has an associated Stakeholder Commumty 
numbenng more than 140 orgamsations with an mterest m high value manufactunng Outcomes were 
reported at mdustry-focused Stakeholder Commumty workshops (one featunng a keynote speech from 
Rolls-Royce on the importance of EMPRESS developments to the development of gas turbmes for 
propulsion)

[5] A pubhshed progress report is at J V Pearce, F Edler, C J Elliott, L Rosso, G Sutton, A Andreu, G 
Machm, “EMPRESS A European Project to Enhance Process Control Through Improved Temperature 
Measurement”, Int J Thermophys (2017) 38 118 http //drcu be/tdbc, see also J V Pearce, EMPRESS 
A pan-European project to enhance manufactunng process efficiency through improved temperature 
control, Measurement and Control, Vol 49 No 8 pp 252-255, October 2016 
http //mac saqepub com/content/49/8/252 short

[6] Enhancmg process efficiency through improved temperature measurement the EMPRESS projects, J V 
Pearce, A Heyes, F Edler, A Fateev, G Sutton, A Andreu, G Machm, proc Tempmeko 2019, Journal 
of Physics Conference Senes 2554 012003 (2023) https//doi orq/10 1088/1742-6596/2554/1/012003 
See also J V Pearce, Measurement and control m the NPL temperature metrology group, Precision, 
September 2022, page 6 https //tmyurl com/2583b36t

[7] The Inštitúte of Measurement and Control (InstMC) is the UK professional body concerned with promotmg 
measurement and control across the full spectrum of technologies https //www mstmc orq/

[8] BS EN 13445-1 2009 Unfired pressure vessels Part 1 General & BS EN 13445-4 2009+A1 2011 Unfired 
pressure vessels Part 4 Fabncation

[9] ASME Boíler and Pressure Vessel Code (BPVC) Section VIII - Rules for Construction of Pressure Vessels

[10] PD 5500 2012+A2 2013 Specification for unfired fusion welded pressure vessels

[11] ISO 15614-1 (2004) Specification and qualification of weldmg procedures for metallic metals - Weldmg 
procedúre test - Part 1 Are and gas weldmg of steels and are weldmg of mckel and mckel alloys

[12] BS EN ISO 8502-4 2000 Preparation of Steel substrates before application of pamts and related products 
- Tests for the assessment of surface cleanlmess - Part 4 Guidance on the estimation of the probability 
of condensation prior to pamt apphcation

[13] AMS2750F is an aerospace manufactunng štandard covermg temperature sensors, mstrumentation, 
thermal processmg equipment, correction factors and inštrument offsets, systém accuracy tests, and 
temperature uniformity surveys These are necessary to ensure that parts or raw matenals are heat 
treated m accordance with the applicable specification(s)

[14] High value manufactunng is the apphcation of leadmg-edge techmcal knowledge and expertise to the 
creation of products, production processes, and associated Services which háve strong potential to brmg 
sustamable growth and high econornic value to the EU It is often associated with extensive supply and 
value chams

[15] Advanced manufactunng mvolves versatile production methods that fully utilise Capital plánt and are more 
efficient, effective and responsive - as opposed to traditional manufactunng which is based on the use of 
dedicated plánt and production Imes with little or no flexibility It has the capacity to accommodate the 
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varying production requirements and mass customisation commonly encountered by industry, without the 
need for excessive Capital investment.

[16] Key figures on Európe 2023 Edition, Eurostat, ISBN 978-92-68-04392-9 
https://op.europa.eu/en/publication-detail/-/publication/946f95e0-3274-11ee-83b8- 
01aa75ed71a1/lanquage-en

[17] EC communication COM(2011) 109 final, Energy Efficiency Plaň 2011 https://tinvurl.com/v6vdrkm9

[18] E. Westkämper: Towards the Re-lndustrialization of Európe - A Concept for Manufacturing for 2030, 
Springer-Verlag 2014

[19] COM(2017) 479 final: Investing in a smart, innovative and sustainable Industry - A renewed EU Industrial 
Policy Strategy https://eur-lex.europa.eu/legal-content/en/TXT/7urmCELEX%3A52017DC0479

[20] 00171(2014) 14 final: For a European industrial renaissance https://eur-lex.europa.eu/legal- 
content/EN/TXT/PDF/?uri=CELEX:52014DC0014&from=ET

[21] For both electricity and gas, the price differential with most other regions is increasing.

[22] AH EMN Advanced Manufacturing Stratégie Research Agenda documents are available at 

aqenda
https://www.euramet.orq/european-metroloqv-networks/advanced-manufacturinq/strateqic-research- 

[23] http://www.iohnson-noise-thermometer.com/
[24] D Drung, M. Kraus, C. Krause, Calibration of the dual-mode auto-calibrating resistance thermometer with 

few-parts-per-million uncertainty, Meas. Sci. Technol. 33(1) 015008 l2 
6501/ac2c48

https://doi.orq/10.1088/136

[25] There are two key types of requirements for Johnson noise thermometry, namely industrial (harsh 
environments, very long-term measurements where mitigation of drift is crucial) where measurement 
uncertainties of 1 °C are acceptable, and metrological, i.e. for standards and calibration laboratories, 
where mitigation of drift is important but also very low measurement uncertainties approaching 1 mK, here 
the requirement for robustness in harsh environments is less stringent.

[26] Nyquisťs equation relates the temperature T of a sensing element (e.g. resistor) to the Johnson noise 
voltage and the resistance R: = 4kTRbf, where k is Boltzmann’s constant and kf is the bandwidth 
over which the measurements are performed. It is evident that if V/ and R are periodically measured, then 
T'can always be determined, even if the sensor is damaged by harsh environments.

[27] Bolometry and calorimetry has already been shown to be viable using graphene at cryogenic 
temperatures. See e.g. K.C. Fong & K.C. Schwab, Ultrasensitive and Wide-Bandwidth Thermal 
Measurements of Graphene at Low Temperatures. Phys. Rev. X 2, 031006 (2012) 
https://doi.orq/10.1103/PhvsRevX.2.031006

[28] The EMN Metrology NetWork for Mathematics and Statistics (MATHMET) Stratégie Research Agenda is 
available at https://www.euramet.org/european-metrology-networks/mathmet/strategy

[29] Machin G, Vuelban E, Sadli M, Edler F, Strnad R, Anhalt K, Pearce J, Siefert M, The research outeomes 
of the European Metrology Research Programme Project: HITeMS - High Temperature Measurement 
Solutions for Industry, Measurement 78 168 (2016) https://doi.orq/10.1016/i.measurement.2015.09.033

[30] Metrofission: New high-temperature references and sensors for the nuclear industry, M. Sadli, D. del
Campo, M. de Podesta, C. Elliott, G. Failleau, S. Fourrez, G. Garcia, J. Pearce, C. Rae, M. Scervini, 9th 
International Temperature Symposium, AIP Conf. Proc. 1552, 1003 (2013)
https://doi.orq/10.1063/1.4821417

[31] Sutton, G., Korniliou, S., Andreu, A. et al. Imaging Luminescence Thermometry to 750 °C for the Heat 
Treatment of Common Engineering Alloys and Comparison with Thermal Imaging. Int J Thermophys 43, 
36 (2022). https://doi.Org/10.1007/s10765-021 -02963-1

[32] Vuelban, E. & Girard, Ferruccio & Battuello, M. & Nemeček, P. & Maniur, M. & Pavlasek, Peter & Paans, 
T., Radiometric Techniques for Emissivity and Temperature Measurements for Industrial Applications. 
International Journal of Thermophysics. 36 1545-1568 (2015) OT;https://doi.Org/10.1007/s10765-015-1O
8 .

[33] Final report of EUROMET.T-S1 (EUROMET project 658): The examination of base parameters for ITS- 
90 scale realization in radiation thermometry, Metrológia 45 03002 (2008) rg/l0.1088/002 6ľhttps://d0i.0
1394/45/1A/03002
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[34] P. Bramley, D. Cruickshank, J.V. Pearce, The development of a practical, drift-free, Johnson noise 
thermometer for industrial applications, Int. J. Thermophys. 38, 25 (2017)  

016-2156-8
https://doi.Org/10.1007/s10765^

[35] P. Bramley, D. Cruickshank, J. Aubrey, Developments towards an industrial Johnson noise thermometer, 
Meas. Sci. Technol. 31(5) 054003 (2020) b58a6https://d0i.0rg/l 0.1088/1361 -6501 /a

[36] Graphene is an allotrope of carbon in the form of a single layer of atoms in a 2D hexagonal lattice, with a 
wide range of remarkable properties that offer potential for disruptive improvements in microelectromcs. 
An authoritative roadmap is given by Ferrari, A. C. et al. Science and technology roadmap for graphene, 
related two-dimensional crystals, and hybrid Systems. Nanoscale 7, 4598-4810 (2015) 
https://d0i.0rg/l 0.1039/c4nr01600a

[37] F. Luo et al., Graphene Thermal Emitter with Enhanced Joule Heating and Localized Light Emission in 
Air, ACS Photonics 2019, 6, 8, 2117-2125 cs.9b00667https://pubs.acs.org/doi/10.1021/acsphotoni

[38] ISO/IEC 17025:2017 General reguirements for the competence of testing and calibration laboratories

[391 A machine learning approach to automation and uncertainty evaluation for self-validating thermocouples, 
S. Bilson, A. Thompson, D. Tucker, J. Pearce, NIST Special Publication 2100, NIST SP 2100-05, ITS10 
Conference Digest, Tenth International Temperature Symposium, Anaheim, CA USA, Apríl 3-7, 
https://d0i.0rg/l0.6028/NIST.SP.2100-05 p. 85 (2023); Additionally, full páper now accepted for 
publication in the American Inštitúte of Physics (AIP) Conference Proceedings.

[40] https://ec.europa.eu/eurostat/databrowser/view/ILC MDES01/default/table?lang=en
[41 ] https://www.eesc.europa.eu/en/news-media/news/energvpovertv-women-more-likelY-be-affected-men

[42] JCGM 100 - Evaluation of measurement data - Guide to the expression of uncertainty in measurement 
(ISO/IEC Guide 98-3) roduction.htmhttps://www.iso.org/sites/JCGM/GUM-int

[43] BS EN 60584-1:2013 Thermocouples - Part 1: EMF specifications and tolerances
[44] IEC/TS 62492-2:2013 Industrial process control devices - Radiation thermometers - Part 2. 

Determination of the technical data for radiation thermometers
[45] IEC/TS 62492-1:2008 Industrial process control devices - Radiation thermometers - Part 1: Technical 

data for radiation thermometers
[46] Special Process: Heat Treat System Assessment 4th edition (CQI-9) is a comprehensive audit covering

the most common heat treat processes employed by the automotive industry, intended to provide a 
common approach to a heat treat management systém for automotive production and Service part 
organizations. https://www.aiag.org/gualitv/special-process-assessments/heat-treat
https://www.aiag.org/gualitv/special-process-assessments/heat-treat

[47] Nadcap (National Aerospace and Defense Contractors Accreditation Program) is an industry-managed 
approach to conformity assessment of ‘special processes’ that brings together technical experts from 
prime contractors, suppliers and representatives from government to work together and estabhsh 
reguirements for approval of suppliers using a standardized approach. Unlike traditional third party 
programs, Nadcap approval is granted based úpon industry consensus. https://p-r-i.org/nadcap/

[48] IEC 62828-3:2018 Reference conditions and procedures for testing industrial and process measurement 
transmitters - Part 3: Specific procedures for temperature transmitters

[49] Including manufacturing, extractive Industries and Utilities industries, but excluding business Services and 
construction. See COM(2017) 479 final, Investing in a smart, innovative and sustainable Industry - A 
renewed EU Industrial Policy Strategy https://tinvurl.com/vvjp44gb

[50] For every 100 jobs created in industry, it is estimated that between 60 and 200 newjobs are created in 
the rest of the economy. See COM(2012) 582 final, A Stronger European Industry for Growth and 
Economic Recovery https://tinvurl.com/y5hwnla4

[51] Value added is the net output of a sector after adding up all outputs and subtracting intermediate inputs. 
The origin of value added is determined by the International Standard Industrial Classification (ISIC), 
revision 3.

[52] Air pollution accounted for 5.4% of deaths in the EU in 2017, although this has been decreasing steadily, 
from 6.99% in 1990 https://tinvurl.com/yamhdewh

[53] The EU currently accounts for 9.8% of global CO2 emissions, and is a large historical contributor with 
22% of cumulative CO2 emissions, second only to the USA /yy4p4w34https://tinvurl.com
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[54] A Markandya and P Wilkmson, Electncity generation and Health, The Lancet 370(9591), 979-990 (2007) 
https //doi org/10 1016/30140-6736(07)61253-7

[55] COM(2014) 15 fmal, A policy framework for climate and energy m the periód from 2020 to 2030 
https //tinyurl com/v4xt5qti

[56] Directive 2008/1/EC of the European Parliament and of the Council of 15 January 2008 concernmg 
mtegrated pollution prevention and control (no longer m force) https Z/eur-lex europa eu/leqal- 
content/EN/ALĽ/?uri=CELEX%3A32008L0001

[57] Directive 2010/75/EU of the European Parliament and of the Council of 24 November 2010 on mdustnal 
emissions (mtegrated pollution prevention and control) (recast) https //eur- 
lex europa eu/LexUriServ/LexUriServ do?uri=OJ L 2010 334 0017 0119 en PDF

[58] Directive 2012/27/EU of the European Parliament and of the Council of 25 October 2012 on energy 
efficiency https //eur-lex europa eu/ĽexUriServ/LexUriServ do?uri=OJ L 2012 315 0001 0056 en PDF

[59] All EMN for Climate and Oceán Observation Stratégie Research Agenda documents are available at 
https l/vjvjyj euramet orq/climate-and-ocean-observation/strateqy

[60] European Platform on Life Cycle Assessment https //eplca irc ec europa eu/

[61] S O Rice, “Mathematical analysisof random noise," Bell systems techmcal Journal, vol 23, pp 282-332, 
1944 https Z/doi orq/10 1002/| 1538-7305 1944 tb00874 x
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ANNEX 2 of EUROPEAN PARTNERSHIP ON METROLOGY GA 23IND11 ThermoSI
Version 1.0 
21/05/2024 ESTIMATED BUDGET FOR THE ACTION

See Article 6 forthe eligibility conditions. All amounts mušt be expressed in EUR (see Article 21.3 forthe conversion rules).

Estimated eligible1 costs (per budget category) Estimated EU contribution2

Direct costs Indirect costs

Total costs

EU contribution to eligible costs
Maximum grant 

6 
amountA. Personnel costs B. Subcontracting 

costs
C. Purchase costs D. Other cost 

categories
E. Indirect costs3

Funding 
rate %4

Maximum EU 
contribution5

Requested EU 
contribution

A.1 Employees (or equivalent)

A.2 Natural persons under direct 
contract
A.3 Seconded persons

A.4SME owners 
and natural 
person 
beneficiaries

A.6 Personnel 
unit cost

8. Subcontracting
C.1 Travel and 
subsistence

C.2 Equipment
C.3 Other goods, 
works and 
Services

D.l Financial 
support to third 
parties

D.2 Internally 
invoiced goods 
and Services

E. Indirect costs

Forms of funding Actual costs
Unit costs (usual 

accounting 
practices)

Unit costs7 Unit costs Actual costs Actual costs Actual costs Actual costs
Unit costs (usual 

accounting 
practices)

Unit costs (usual 
accounting 
practices)

S 
Flat-rate costs

al a2 a3 aS b d c2 c3 dl d2
e = 0,25 • (al + a2 

+ a3 + a5 + cl +c2 + 
c3)

f = 
a+b+c*d+e U g = f*U% h m

1: DTI 271.000 - 22,000 27,000 - 80,000 400,000.00 100% 400,000.00 400,000.00 400,000.00
2: CMI 43,000 - 3,000 2,000 - 12,000 60,000.00 100% 60,000.00 60,000.00 60,000.00
3: PTB 269,500 - 15,000 11,500 - 74,000 370,000.00 100% 370,000.00 370,000.00 370,000.00
4: SMU 12,000 - 4,500 3,500 - 5,000 25,000.00 100% 25,000.00 25,000.00 25,000.00
5: UL 166,000 - 18,000 30,000 - 53,500 267,500.00 100% 267,500.00 267,500.00 267,500.00
6: VTT - 36,783 6,100 4,495 20,777 11,845 79,999.50 100% 79,999.50 79,999.50 79,999.50
7: DTU 102,707 - 8,253 17,040 - 32,000 160,000.00 100% 160,000.00 160,000.00 160,000.00
8: NSC-IM 37,000 - 7,000 4,000 - 12,000 60,000.00 100% 60,000.00 60,000.00 60,000.00
9: OVGU 37,050 - 3,950 3,000 - 11,000 55,000.00 100% 55,000.00 55,000.00 55,000.00
10: B&W Volund 10,000 - 2,000 - - 3,000 15,000.00 0% - - -
11: Beamex 25,000 - 10,000 30,060 5,000 - 17,515 87,575.00 0% - - -
12: BAE ------------ _____________ ---------- ______ ______ _—' -----------—' ______ _—' _______—------
13: CCPI __ _____ _ ______ _— ____________ ______~ ______— " ___ . ______________ _____—■—‘’

14: Metrosol ‘ ____---------~ _______ _— --------- "" ______________ ______ _—’" _________ _____ _______ _—--------- -

15: NPL ~ _ _______ _ ________———’

16: STRATH ' ’ ------- ___________’ ___ i------------- __________— "

17: UoM
Total consortium 973,257 36,783 - - - 99,803 30,060 107,535 - 20,777 311,860 1,580,074.50 1.477,499.50 1.477,499.50 1,477,499.50

The consortium remainsfree to decide on a different internal distribution of the EU funding (via an amendment request).

Indirect costsalready covered by an operating grant (received underany EU funding programme) are ineligible (see Article 6.3). Therefore, a beneficiary/affiliated entity that receives an operating grant duringthe action duration cannot declare indirect costs forthe Year(s)/reporting period(s) covered by the 
operating grant, unless they can demonstrate that the operating grant does not cover any costs of the action. This requires specific accounting tools. Please immediately contact EURAMET for details.

See Data Sheet of the GA forthe funding rate(s).

This is the theoretical amount of the EU contribution to costs, ifthe reimbursement rate is applied to all the budgeted costs. This theoretical amount isthen capped by the 'maximum grant amounť.

The 'maximum grant amounť is the maximum grant amount decided by the EU. It normally corresponds to the requested grant, but may be lower.

See Annex 2a 'Additional information on the estimated budgeť forthe details (units, cost per unit).
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ANNEX 3

ACCESSION FORM FOR BENEFICIARIES

Česky Metrologický Inštitút (CMI), established in Okružní 31, CZ-638 00 Brno, Czechia, PIC 
no. 993266033, VAT no CZ00177016, (‘the beneficiary’), represented for the purpose of 
signing this Accession Form by its legal authonsed representative (person legally authorised 
to act on behali of the legal entity),

hereby agrees

to become a beneficiary

in Agreement 23IND11 ThermoSI ('the Agreemenť)

between Teknologisk Inštitút (DTI) and EURAMET e.V, Bundesallee 100, 38116 
Braunschweig, Germany, (‘the granting authority’) under the powers delegated by the 
European Commission (‘European Commission’) and mandates the coordinator to submit 
and sign m its name and on its behalf any amendments to the Agreement, in accordance 
with Article 39.

By signing this Accession Form, the beneficiary accepts the grant and agrees to implement it 
m accordance with the Agreement, with all the obligations and terms and conditions it sets 
out as from the dáte of the signatúre of the accession form ('accession dáte’)

For the beneficiary

Name of authonsed representative

Function of authonsed representative

Signatúre of authonsed representative

Dane

Done m English
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ANNEX3

ACCESSION FORM FOR BENEFICIARIES

Physikalisch-Techmsche Bundesanstalt (PTB), established m Bundesallee 100, DE-38116 
Braunschweig, Germany, PIC no 999596544, VAT no DE811240952, (‘the beneficiary’), 
represented for the purpose of signing this Accession Form by its legal authonsed 
representative (person legally authonsed to act on behalf of the legal entity),

hereby agrees

to become a beneficiary

in Agreement 23IND11 ThermoSI (‘the Agreemenť)

between Teknologisk Inštitút (DTI) and EURAMET e V, Bundesallee 100, 38116 
Braunschweig, Germany, (‘the grantmg authonty’) under the powers delegated by the 
European Commission (‘European Commission’) and mandates the coordinator to submit 
and sign m its name and on its behalf any amendments to the Agreement, m accordance 
with Article 39

By signing this Accession Form, the beneficiary accepts the grant and agrees to implement it 
m accordance with the Agreement, with all the obligations and terms and conditions it sets 
out as from the dáte of the signatúre of the accession form (‘accession dáte’)

For the beneficiary

Name of authonsed representative

Function of authonsed representative

INc

Signatúre of authonsed representative

Dáte

Done m English
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ANNEX 3

ACCESSION FORM FOR BENEFICIARIES

Slovenský Metrologický Ústav (SMU), established in Karloveská 63, SK-842 55 Bratislava 4, 
Slovakia, PIC no. 994207903, VAT no SK2020908230, (‘the beneficiary’), represented for 
the purpose of signmg this Accession Form by its legal authorised representative (person 
legally authorised to act on behali of the legal entity),

hereby agrees

to become a beneficiary

in Agreement23IND11 ThermoSI (‘the Agreemenť)

between Teknologisk Inštitút (DTI) and EURAMET e.V, Bundesallee 100, 38116 
Braunschweig, Germany, (‘the grantmg authority’) under the powers delegated by the 
European Commission ('European Commission’) and mandates the coordinator to submit 
and sign m its name and on its behalf any amendments to the Agreement, m accordance 
with Articie 39

By signmg this Accession Form, the beneficiary accepts the grant and agrees to implement it 
in accordance with the Agreement, with all the obligations and terms and conditions it sets 
out as from the dáte of the signatúre of the accession form (‘accession dáte’)

For the beneficiary.

Name ofauthonsed representative

Function ofauthonsedrepresentative

Signatúr!^ of auth^ed representative'

Dáte

Done m English.
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ANNEX 3

ACCESSION FORM FOR BENEFICIARIES

Univerza v Ljubljam (UL), estabhshed m Kongresni trg 12, SI-1000 Ljubljana, Slovania, PIC 
no 999923240, VAT no SI54162513, (‘the beneficiary’), represented for the purpose of 
signmg this Accession Form by its logal authonsed representative (person legally authonsed 
to act on behali of the legal entity),

hereby agrees

to become a beneficiary

in Agreement 23IND11 ThermoSI (‘the Agreemenť)

between Teknologisk Inštitút (DTI) and EURAMET e V, Bundesallee 100, 38116 
Braunschweig, Germany, (‘the grantmg authonty’) under the powers delegated by the 
European Commission (‘European Commission’) and mandates the coordinator to submit 
and sign m its name and on its behalf any amendments to the Agreement, m accordance 
with Article 39

By signmg this Accession Form, the beneficiary accepts the grant and agrees to implement it 
m accordance with the Agreement, with all the obligations and terms and conditions it sets 
out as from the dáte of the signatúre of the accession form (‘accession dáte’)

For the beneficiary

Name of authonsed representative

Function of authonsed representative

Signatúre of authonsed representative

Dáte

Done m English
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ANNEX 3

ACCESSION FORM FOR BENEFICIARIES

Teknologian tutkimuskeskus VTT Oy (VTT), estabhshed in Tekmikantie 21, 02150, Espoo, 
Finland, PIC no 932760440, VAT no FI26473754, (‘the beneficiary’), represented for the 
purpose of signing this Accession Form by its legal authonsed representative (person legally 
authonsed to act on behali of the legal entity),

hereby agrees

to become a beneficiary

in Agreement 23IND11 ThermoSI (‘the Agreemenť)

between Teknologisk Inštitút (DTI) and EURAMET e V, Bundesallee 100, 38116 
Braunschweig, Germany, (‘the grantmg authonty’) under the powers delegated by the 
European Commission ('European Commission’) and mandates the coordinator to submit 
and sign m its name and on its behalf any amendments to the Agreement, m accordance 
with Article 39

By signmg this Accession Form, the beneficiary accepts the grant and agrees to implement it 
m accordance with the Agreement, with all the obhgations and terms and conditions it sets 
out as from the dáte of the signatúre of the accession form (‘accession dáte’)

For the beneficiary

Name of authonsed representative

Function of authonsed representative

Signatúre of authonsed representative

Dáte

Done m Enghsh
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ACCESSION FORM FOR BENEFICIARIES

Danmarks Tekniske Universitet (DTU), established in Anker Engelunds Vej 1, Bygning 101 A, 
DK-2800 Kongens Lyngby, Denmark, PIC no. 999990655, VAT no. DK30060946, ('the 
beneficiary’), represented for the purpose of signing thís Accession Form by its legal 
authorised representative (person legally authorised to act on behali of the legal entity),

hereby agrees

to become a beneficiary

in Agreement 23IND11 ThermoSI ('the Agreement')

between Teknologisk Inštitút (DTI) and EURAMET e.V, Bundesallee 100, 38116 
Braunschweig, Germany, (‘the granting authority’) under the powers delegated by the 
European Commission ('European Commission’) and mandates the coordinator to submit 
and sign in its name and on its behali any amendments to the Agreement, in accordance 
with Article 39

By signing this Accession Form, the beneficiary accepts the grant and agrees to implement it 
in accordance with the Agreement, with all the obhgations and terms and conditions it sets 
out as from the dáte of the signatúre of the accession form (‘accession dáte’).

For the beneficiary:

Name of authonsed representative 
Mette Bjernlund

Function of authorised representative

Head of administration

L Signatúre ot auinopseu icpiesentative'

Dáte

Done m English.
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National Scientific Centre Inštitúte of Metrology (NSC-IM), estabiished in 42 Mironositskaya 
Str., UA-61002 Kharkov, Ukraine, PIC no. 952600335, V AT no. UA025683220315, ('the 
beneficiary’), represented for the purpose of signing this Accession Form by its legal 
authorised representative (person legally authorised to act on behali of the legal entity),

hereby agrees

to become a beneficiary

in Agreement 23IND11 ThermoSI (‘the Agreemenť)

between Teknologisk Inštitút (DTI) and EURAMET e.V, Bundesallee 100, 38116 
Braunschweig, Germany, (‘the granting authority’) under the powers delegated by the 
European Commission (‘European Commission’) and mandates the coordinator to submit 
and sign in its name and on its behalf any amendments to the Agreement, in accordance 
with Article 39.

By signing this Accession Form, the beneficiary accepts the grant and agrees to implement it 
in accordance with the Agreement, with all the obligations and terms and conditions it sets 
out as from the dáte of the signatúre of the accession form (‘accession dáte’).

For the beneficiary:

Name of authorised representative

Function o'Fauthorised representative

Signatúre of authdriseďrepresentatľ

Dáte

Done in English.
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Otto-von-Guericke-Universitaet Magdeburg (OVGU), established in Universitaetsplatz 2, 
39106 Magdeburg, Germany, PIC no. 999873285, VAT no. DE139238413, fthe 
beneficiary’), represented for the purpose of signing this Accession Form by its legal 
authorised representative (person legally authorised to act on behali of the legal entity),

hereby agrees

to become a beneficiary

in Agreement 23IND11 ThermoSI ('the Agreemenť)

between Teknologisk Inštitút (DTI) and EURAMET e.V, Bundesallee 100, 38116 
Braunschweig, Germany, (‘the granting authority’) under the powers delegated by the 
European Commission ('European Commission’) and mandates the coordinator to submit 
and sign in its name and on its behalf any amendments to the Agreement, in accordance 
with Articie 39.

By signing this Accession Form, the beneficiary accepts the grant and agrees to implement it 
in accordance with the Agreement, with all the obligations and terms and conditions it sets 
out as from the dáte of the signatúre of the accession form (‘accession dáte’).

For the beneficiary:

Name of authorised representative

Signatúre of authorised representative

Dáte

Done m English.
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Beamex Oy Ab (Beamex), established in Ristisuonraitti 10, 68600, Pietarsaan, Fmland, PIC 
no 892954938, VAT no FI0181602-8, (‘the beneficiary’), represented for the purpose of 
signmg this Accession Form by its legal authonsed representative (person legally authonsed 
to act on behalf of the legal entity),

hereby agrees

to become a beneficiary

in Agreement 23IND11 ThermoSI (‘the Agreement’)

between Teknologisk Inštitút (DTI) and EURAMET e V, Bundesallee 100, 38116 
Braunschweig, Germany, (‘the grantmg authonty’) under the powers delegated by the 
European Commission (‘European Commission’) and mandates the coordinator to submit 
and sign m its name and on its behalf any amendments to the Agreement, in accordance 
with Article 39

By signmg this Accession Form, the beneficiary accepts the grant and agrees to implement it 
m accordance with the Agreement, with all the obligations and terms and conditions it sets 
out as from the dáte of the signatúre of the accession form (‘accession dáte’)

For the beneficiary

Name of authonsed representauve

Function of authonsed representative

signatúre of autriunseu icpi^entative

Dáte

Done m English
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