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1. INTRODUCTION AND PURPOSE 

Recently, the only accredited calibration laboratory in Bosnia and Herzegovina capable of 
calibrating standards used by fuel dispenser verification laboratories was closed. As a 
consequence, these laboratories are forced to get the traceability abroad, what is expensive and 
logistically demanding. 

IMBIH laboratory for volume and flow has published CMC for gravimetric method up to 50 L but the 
range is too small and the method is not the best method for this type of work. In the same time, 
the laboratory has the adequate standards, trained personnel and documented procedures for 
volumetric method, i.e. the method is part of the QMS system for more than 10 years. The 
laboratory never confirmed the competence for the volumetric method because the mentioned 
accredited laboratory was able to cover all the needs in the country. In the past decade IMBIH 
laboratory performed few calibrations for the clients which are not in accreditation system. 

In this moment, the Hybrid Comparison (HC) was considered as the most appropriate to confirm 
the competence for volumetric method since the key and supplementary comparisons usually last 
quite long and the bilateral intercomparisons, according to reference documents [1], could be 
organized only as the subsequent comparisons to already performed key or regional 
intercomparisons. 

The purpose of this HC is to provide supporting evidence for the IMBIH Calibration and 
Measurement Capabilities (CMC) for the volumetric method through the comparison of 
measurement results between IMBIH Bosnia and Herzegovina (Applicant NMI) and DMDM 
Republic of Serbia (Issuing NMI) as the competent NMI with extensive experience and published 
CMC for volumetric method. 

The participants are: 

Applicant NMI IMBIH – Institute of Metrology of Bosnia and Herzegovina  

Contact: Ernad Borovac (ernad.borovac@met.gov.ba)  
Head of the Laboratory for Volume and Flow 

Branilaca Sarajeva 25 
71000 Sarajevo 
Bosnia and Herzegovina 

Issuing NMI DMDM – Directorate of Measures and Precious Metals 

Contact: Ljiljana Mićić, (ljmicic@dmdm.rs) 
Metrologist – Coordinator for volume and flow 

Mike Alasa 14 
11000 Belgrade 

Republic of Serbia 

Third Party EURAMET TC-Flow  

TC-F Chair: Erik Smits 

 
HC was performed in accordance to APMP guideline for using Hybrid Comparisons as CMC 
evidences – Transfer Standard provided by applicant with stability check (Figure A2) [2], like it is 
shown at the following scheme. 
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Hybrid Comparison Time Schedule: 

No ACTIVITY DATE 

1 Applicant NMI (IMBIH) send Request for HC 24.11.2025 

2 Issuing NMI (DMDM) agree to take a part in HC 01.12.2025 

3 IMBIH submit Application form for HC to TC-F Chair  04.12.2025 

4 
TC-F Chair approve running the HC,  assign a unique 
identifier and send the note to IMBIH 

15.01.2026 

5 
IMBIH perform the calibration  
(volumetric and gravimetric for stability check) 

21.01.2026 

6 IMBIH send the calibration results to TC-F Chair 26.01.2026 

7 IMBIH send the TS to DMDM 27.01.2026 

8 DMDM perform the calibration (volumetric) 02.02.2026 

9 DMDM send the calibration results to TC-F Chair 13.02.2026 

10 DMDM send the TS to IMBIH 13.02.2026 

11 IMBIH perform the calibration (gravimetric for stability check) 18.02.2026 

12 IMBIH send the calibration results to TC-F Chair 18.02.2026. 

13 TC-F Chair send note to DMDM to send the results to IMBIH 19.02.2026 

14 DMDM send calibration results to IMBIH 19.02.2026 

15 IMBIH analyse results and draft the Report 20.02.2026 

16 IMBIH submit the Report to TC-F Chair 23.02.2026 

17 TC-F Chair check and confirm the Report 24.02.2026 

18 TC-F Chair ask TC members for review 25.02.2026 

19 TC-F Chair approve and upload the Report to TC-F website 30.03.2026 

 
All the measurements results reported by the participating laboratories are given in Annexes A and B.   



 

 

2. TRANSFER STANDARD 

The Transfer Standard (TS) package consists of 50 L neck type proving tank with sight glass and 
gauge scale and thermometer for measuring water temperature. The main characteristics are: 

 

 

 

Nominal volume:  50 L 

Manufacturer: Justur (Slovakia) 

Model / Serial number: ON-50 / 120192/1 

Scale resolution: 0.05% (4.25 mm / 25 mL) 

Coefficient of thermal expansion: 5.18E-5 1/°C 

Total time of Draining / Dripping: 60 / 30 seconds  

Long term stability: unknown 

Thermometer: TESTO, resolution (0.001°C) 

 
TS package is provided by IMBIH. The long-term stability of the proving tank is unknown since 
there is only one calibration certificate (SMU - 2012). The short-term stability check was performed 
by IMBIH (gravimetric calibration) before and after the transport to and from DMDM. 

Calibration certificate for thermometer is provided and the long term stability is considered negligible. 

Calibration setups in the laboratories are displayed in the following pictures 

    
IMBIH – Volumetric & Gravimetric DMDM 

 

3. TRANSPORT 

The TS is transported to and from DMDM by the IMBIH car, without problems and visible damages.  

 
4. CALIBRATION PROCEDURE 

The laboratories performed their standard (routine) calibration procedures for volumetric method. 
The formula used for volume calculation is [3]: 

      [     (        )   (        )      (      )]     (1) 



 

 

 
The delivered volume at the reference temperature 20ºC is determined using 5 repeated 
measurements. 

Due to poor installation and quality of the bottom valve, it was necessary to close and immediately 
open it after 15 seconds of the dripping time.  

The requirements for water temperature(s) and ambient conditions in the laboratory are: 

 Humidity: higher than 50 %, 

 Ambient temperature: 17ºC to 23ºC, 

 Water temperature: has to be near the ambient temperature and shell not change more than 
0.5ºC during the calibration. 

 
5. REPORTING MEASUREMENT RESULTS 

The participants were obliged to provide: 

 Calibration certificates,  

 Description of the measurement equipment and environmental conditions records during 
calibration, 

 Short description of calibration method and photos of the calibration setup. 

The template (excel file) for reporting was provided. The detailed measurement results reported by 
the participants are given in Annexes A and B. 
 
Measurement equipment 

 Equipment NMI Manufacturer Type Range Resolution 

Volume Standard 
IMBIH JUSTUR Overflow pipette 50 L - 

DMDM Brenner Overflow pipette 50 L - 

Thermometer  
Water - TS 

IMBIH TESTO 735-2 (0 - 200) °C 0.001 K 

DMDM TESTO 735-2 (0 - 200) °C 0.001 K 

Thermometer  
Water - Standard 

IMBIH AHLBORN FNA30L0250T (5 - 50) °C 0.01 K 

DMDM FLUKE 1528-R (–189 - 960) °C 0.001 K 

Thermometer 
Air 

IMBIH AHLBORN FHAD 46-41 (–20 - 80) °C 0.01 K 

DMDM TESTO 176 P1 (–20 - 70) °C 0.1 K 

Barometer 
IMBIH AHLBORN FD A612SA (700 - 1050) mbar 0.1 mbar 

DMDM SETRA 370 (800 - 1100) mbar 0.01 mbar 

Hygrometer 
IMBIH AHLBORN FHAD 46-41 (0 - 100) %RH 0.1 %RH 

DMDM TESTO 176-P1 (0 - 100) %RH 0.001 %RH 

 
Water temperature(s) and ambient conditions 

Institute 
Standard – Water 

Temperature 
(°C) 

TS – Water 
Temperature 

(°C) 

Air 

Temperature 
(°C) 

Pressure 
(mbar) 

Humidity 
(%) 

IMBIH 16.25 16.40 17.45  948.70 57.00 

DMDM 16.55 16.58 17.40 1003.44 48.97 

 



 

 

6. EVALUATION OF MEASUREMENT DATA 

The comparison evaluation is based on the reported measurement results from IMBIH and DMDM, 
where DMDM results are considered as Hybrid Comparison Reference Values (HCRV).  

The normalized deviation from reference value [4], i.e. the "En" score [5] is used for assessment of 
IMBIH performance in this HC.  

        
|      |

 (      )
 (2) 

where: 
       - IMBIH Degree of Equivalence (DoE), 

  (      ) - Expanded uncertainty of IMBIH DoE 
 
The IMBIH Degree of Equivalence: 

                    (3) 

where: 

       - IMBIH result 
      - Hybrid Comparison Reference Value (DMDM result) 

 
The expanded uncertainty of IMBIH Degree of Equivalence: 

 (      )   √      
       

     
  (4) 

where: 

      
  - IMBIH standard measurement uncertainty  

     
  - HCRV standard measurement uncertainty 

   
  - Stability of Transfer Standard 

 
For the purpose of stability check, IMBIH performed the gravimetric calibration of the TS before 
and after DMDM calibration, what is supported by IMBIH CMC. As mentioned before, the long term 
stability of the TS is not documented. 

The standard uncertainty of TS stability is:  

    
  

 √ 
 (5) 

where: 

   - Volume difference between two gravimetric calibrations 
 

The Applicant NMI, i.e. IMBIH is considered successful if En  1. 

 
7. RESULTS OF HYBRID COMPARISON 

The following table contains the results of the HC 
            

 

Institute 
 Volume Vi 

(mL) 
Uncertainty Ui 

(mL) 

 

    
(mL) 

       
(mL) 

 (      ) 
(mL) 

 

   
Score 

 

            

 

IMBIH-g1(a)  50017.08 10.00 
 

– – – 
 

– 
 

            

 

IMBIH  50013.99 15.31 
 

0.79(b) 5.63 21.49 
 

0.26 
 

 

DMDM  50019.62 15.00 
 

– – – 
 

– 
 

            

 

IMBIH-g2(a)  50019.80 10.00 
 

– – – 
 

– 
 

            

(a) Gravimetric calibration (TS stability check) 
(b) Volume difference between two gravimetric calibrations is small (   = 2.72 mL) and the contribution 

to uncertainty is almost negligible. 



 

 

 
The results of the HC are displayed at the following graph 

 
 

8. CONCLUSIONS 

The obtained En score satisfies the acceptance criterion (En ≤ 1), thereby demonstrating the 
competence of IMBIH for the calibration of volumetric vessels using the volumetric method. 
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Annex A 
 

IMBIH Results 
 



 

 

 



 

 

 



 

 

 



 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 



 

 



 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex B 
 

DMDM Results 
 
 
 
 
 
  



 

 

 
 



 

 

 
 



 

 

 
 



 

 

 



 

 

 



 

 

 


