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Natural Gas that has been converted to liquid form by cryogenic 
temperatures, for ease and safety of non-pressurized storage or transport 

WHAT IS LNG ? 
LIQUIFIED NATURAL GAS 

LNG occupies about 1/600 the space of methane in its gaseous form it 
can be exported in purpose-built tanker ships 

 Composition: Methane 87  – 98  % 
                          Ethane     1.5 – 9.5 % 
                          Propane   0.4 – 2.5 %   



LNG Carrier Capacity = 250.000 m3 (equivalent to 150.000.000 m3 natural gas) 
150.000.000 m3 natural gas is equivalent to 5.400.000 MMBTU 
Value of one ship is US $ 18.900.000,=(based on 3.5 US $/MMBTU) 

 
,= / carrier94.500% results in US $ 0.5 Performance improvement of  

 

IMPACT OF PERFORMANCE IMPROVEMENT 
FOR LNG VLCC CARRIERS. 



KROHNE HAS EXPERIENCE ON ALL ASPECTS OF  
THE LNG VALUE CHAIN 



• Ultrasonic and Coriolis flow measurement technologies for Custody transfer applications: 
• Feed Gas metering systems 
• LNG metering systems 
• Boil Off Gas metering systems 
• Loading and off loading metering systems for: ships, rail cars and trucks 

• Process instrumentation for liquefaction and regasification applications 
• Flow computer and supervisory software 
• Loading quality release system 

ALTOSONC 5 for liquid Summit 8800 Flow computer Optimass for liquid ALTOSONC V12 for gas Level, Temperature  & pressure 

LNG MEASUREMENT IN GOOD HANDS  
WITH THE GLOBAL TECHNOLOGY LEADER KROHNE 



▪ Cryogenic temperatures 
▪ Calibration and traceability 
▪ Low or no maintenance 
▪ Excellent long term stability (reproducibility) 
▪ Diagnostic features to assure “healthy” measurements 
▪ Minimum pressure loss to avoid flashing (full bore design) 
▪ No moving parts 

EnergySoftware to calculate from volume or mass to  ▪ 
▪ Quality measurement to determine the LNG composition 
▪ Improved performance compared to level measurement 

 

WHAT ARE THE CHALLENGES AND REQUIREMENTS 
FOR THE MEASUREMENT OF LNG 



QUANTITY AND QUALITY MEASUREMENTS REQUIRED 

Quality issues: 
Composition of LNG will change during sea passage (aeging) due to 
evaporation of Methane resulting in: 
    ▪ change of commercial value of the LNG  

          
        

 

Quantity issue: 
Quantity of the LNG will change during sea passage due to: 
  ▪ carrier utilises LNG 
  ▪ due to boil off and evaporisation, volume will change 

 

Therefore it is mandatory that during the off loading operation of a 
LNG carrier quantity and quality is measured !! 
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ULTRASONIC LIQUID FLOWMETER ALTOSONIC 5  
FOR LNG LIQUEFACTION PLANTS AND IMPORT TERMINALS  

▪ OIML class 0.3 certified 
▪ Full bore design 
▪ Sizes from 4 to 48 inch 
▪ No moving parts, no pressure loss 
▪ Integrated full pipe detection 
▪ Extensive diagnostic features 
▪ Field LNG accuracy < 0.23 % 
▪ Factory accuracy 0.10 %  
▪ Uncertainty 0.027 % 
▪ Turn down ratio : 0.2 to 15 m/s 
▪ Certified temperature range -200 oC to +250 oC 



| ALTOSONIC 5 Ultrasonic liquid flowmeter for custody transfer 12  

Flow sensor 
How to detect gas/vapour? 

 

by signal to noise ratio by the diagnostic path 



| ALTOSONIC 5 Ultrasonic liquid flowmeter for custody transfer 13  

Flow sensor 
Enhanced 8 path design 

 

ALTOSONIC 5 path configuration 



Flowmeter tested on sensitivity to: 

   ▪ Pressure 

   ▪ Temperature 

   ▪ Flow rate 

   ▪ Thermal cycling 

   ▪ Witnessed by NMi  

    

ALTOSONIC V ON LIQUEFIED NITROGEN AT NIST  



CONCLUSIONS AFTER THE NITROGEN AND IN-
HOUSE KROHNE CALIBRATIONS  

Results of KROHNE R&D testing: 

   ▪ Special designed cryogenic transducers 

   ▪ No mechanical impact or signal processing effects due to thermal cycling 

   ▪ Calculated thermal expansion of the meter body at cryogenic temperatures by extrapolation  

   ▪ Dedicated signal processing software for signal-to-noise optimization   

   ▪ Additional uncertainty calculation due to the extrapolation of water calibration results  

    

    

    

Declaration by NMi on estimated uncertainty  
considering following parameters: 

    ▪ Temperature / thermal expansion    

   ▪ Reynolds extrapolation 

    

NMi confirmed estimated Volume uncertainty: 

)   0178-WV-SP-% (document C0.33 to 0.26     

Succesfully applied at LNG 
facilities worldwide  



CONCLUSIONS AFTER THE NITROGEN AND IN-
HOUSE KROHNE CALIBRATIONS  

Declaration by NMi on estimated uncertainty  
considering following parameters: 

    ▪ Temperature / thermal expansion    

   ▪ Reynolds extrapolation 

    

NMi confirmed estimated Volume uncertainty: 

)   0178-WV-SP-% (document C0.33 to 0.26     

Succesfully applied at LNG 
facilities worldwide  



ULTRASONIC GAS FLOWMETER ALTOSONIC V12 

FOR FEED GAS AND RE-GASSIFICATION PLANTS   

▪ OIML R137 class 0.5 certified 
▪ Full bore design 
▪ Sizes from 4 to 36 inch 
▪ No moving parts, no pressure loss 
▪ Extensive diagnostic features 
▪ Accuracy 0.10 %  
▪ Repeatability 0.05 % 
▪ Excellent reproducibility (long term stability) 
▪ Turn down ratio : 0.5 to 35 m/s 
▪ Certified temperature range -40 oC to +100 oC 

 



CORIOLIS FLOWMETER OPTIMASS 6400 
FOR SMALL SCALE LNG APPLICATIONS 

▪ Cryogenic & high temperature applications       
  -200°C / -328°F to +400°C /752°F 

▪ Pressure capability up to 200 bar (2900 psi) 

▪ Gas & liquid custody transfer approvals              
   OIML R117 & R137 (Nov 2013)  

▪ Available from size 08 to 200 mm in 3 materials 

▪ MFC 400 next generation converter 

▪ With Entrained Gas Management (EGM) 

 

 



 ▪  LNG composition based on “spot” sample 
 ▪  Possibility of human errors 
 ▪  Calculations not validated or certifed by an independent body such as NMi 
 ▪  Quality data is not traceable neither auditable 
 ▪  Disputable Certificate of Quality  
 ▪  No dynamic validation of data during LNG loading operation 

FREQUENTLY USED METHOLOGY FOR LNG 
SAMPLING AND QUALITY DETERMINATION 

With above considerations the risk of using disputable 
methods to calculate LNG energy is present 



LNG DYNAMIC QUALITY CERTIFICATION SYSTEM 



Net Energy = massLNG x CVLNG- mass BOG x CVBOG 

CUSTODY TRANSFER LNG ENERGY MEASUREMENT 

Volume LNG 

Volume BOG 
Boil Off Gas 

ρLNG 
ρBOG 

Net Energy = (volLNG x densLNG) x CVLNG- (vol BOG x densBOG) x CVBOG 



WHAT IS INCLUDED IN THE KROHNE  
LNG DYNAMIC QUALITY  CERTIFICATION SYSTEM ? 

▪ Automated generation of Certificate of Quality 
▪ Dynamic validation of measurement data, during the entire on- or off loading operation 
▪ Representative measurement and sample collection during on- or off loading 
▪ Automated validations for all instrumentation related to LNG loading 
▪ Validated and certified Calculations by an independent body (NMi) 
▪ Dynamic justification of measurement data by using outlier checks 
▪ Monitoring of all critical parameters and alarms for audit purposes 

 

Succesfully installed and commissioned at major LNG 
liquefaction plants in Australia  



▪ Automatic generation of reports  
     No human involvement required 

NOT be influencedInformation and data displayed on the reports can  ▪ 
     Integrity of the presented figures is guaranteed 

and generated immediate after completion of cargoreal time Reporting is  ▪ 
     No need to wait for laboratory analysis reports 

 
Content of Reports: 
▪ General loading information 
▪ Time and validation results of the On-line GC 
▪ Final loaded values of: composition, volume and calculated energy 

 

REPORTING IN THE QUALITY CERTIFICATION SYSTEM 

HMI Main loading page 



http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwj1ktjI4L3XAhVBblAKHTH6DWIQjRwIBw&url=http://www.casinokompas.nl/nieuws/nederlandse-casino-spellen-keurmerk-nmi-verkocht-aan-gli-group&psig=AOvVaw3vS1hQwkrXNWJXXiaUh7Cv&ust=1510738218548299


LNG FLOW METERING AT  AP LNG PLANT, AUSTRALIA 

 End user:      AP LNG (Australia Pacific LNG)  

  Application: Custody-transfer measurement for   
                         loading ships at LNG terminal  
  Medium:       LNG, Natural Gas 
    

Scope of supply: 
                           2 x LNG metering systems  

                         6 pcs ALTOSONIC V LNG, 10"/150 lbs     
     
                         3 x Feed gas metering systems 
                         6 pcs ALTOSONIC V12, 20", 900 lbs, 
                         3 pcs ALTOSONIC V12,    4", 900 lbs  

 
                         2 x Boil Off Gas  systems 

 
  
 
  

 



FEED GAS METERING SKID TO APLNG TERMINAL  

Metering skids installed in the field 
to measure gas being fed in the main 
supply line to AP LNG terminal, 

 12” ALTOSONIC V10based on 
ultrasonic flowmeters. 

 
 



INLET FEED GAS METERING SYSTEM 

ALTOSONIC V-12  
3 x 20” 900 lbs 



LNG METERING SYSTEM 

ALTOSONIC 5 
6 x 10” 150 lbs 



BOIL OF GAS METERING SYSTEM 

3 x Ultrasonic flow 
meters  



LNG  TRUCK LOADING AND DISPENSING WITH  
OPTIMASS 6400 

LNG truck loading: 

Increasing number of small scale LNG projects 
require LNG transport by tanker truck 

Truck loading and truck unloading applications 
 with OPTISMASS 6400 

 
 

LNG dispensing: 

6400 S25 for feed meter (Liquid)  

6400 S15 for return meter (liquid and gas 
phase) 

Large potential as LNG is increasing to be used 
to fuel trucks 



LNG PROJECTS EXECUTED BY KROHNE 

Rasgas LNG 
Qatar LNG 

APLNG 
Gorgon LNG 
ICTHYS LNG 

GLNG  
Wheatstone LNG 

Angola LNG  

Sabine Pass LNG 

Lyse LNG  

MLNG - Petronas 
LNPG - Peru LNG 

R-LNG – SUI 

Cartagena LNG 
Elba Island LNG 

LNG truck unloading 

Enagas LNG 
Malta LNG 

Nigeria LNG  

QCLNG 



• Ultrasonic and Coriolis flow measurement technologies for Custody transfer applications: 
• Feed Gas metering systems 
• LNG metering systems 
• Boil Off Gas metering systems 
• Loading and off loading metering systems for: ships, rail cars and trucks 

• Process instrumentation for liquefaction and regasification applications 
• Flow computer and supervisory software 
• Loading quality release system 

ALTOSONC 5 for liquid Summit 8800 Flow computer Optimass for liquid ALTOSONC V12 for gas Level, Temperature  & pressure 

LNG MEASUREMENT IN GOOD HANDS  
WITH THE GLOBAL TECHNOLOGY LEADER KROHNE 



Thanks for Attention 
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