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Notes

This working paper supports certified QuantityWare BCG consultants in the implementation of the
Advanced Development (AD) delivered with note 000100 - High Pressure Hydrogen Quantity

Conversions.

Version History

Version ‘ Date Description
01 2022-06-30 Initial Version
02 2023-11-30 Editorial revision and update
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1. Introduction

QuantityWare BCS supports all bulk product quantity conversions in SAP Oil & Gas. Hydrogen quantity
conversions have not been in scope of BCS until 2020; however, there is an increasing demand for such

calculations, as expressed by the Hydrogen Council - “a global CEO-led initiative of leading companies
with a united vision and long-term ambition: for hydrogen to foster the clean energy transition for a
better, more resilient future”. Many major leading Oil & Gas companies already take part in this council

which will play a decisive role in the coming decades.

The idea of a hydrogen economy is the guiding principle; however, “as of 2019, hydrogen is mainly used

as an industrial feedstock, primarily for the production of ammonia and methanol, and in petroleum

refining (hydrogen cracking).”

Thus, the oil and gas industry has already a strong process knowledge of hydrogen production and “in-
house” consumption, which requires quantity conversions for hydrogen (and ammonia) in existing SAP
ERP systems.

Based upon the sources above, a strongly increasing demand of hydrogen production, transportation

and storage is expected in the coming years.

Concerning hydrogen, an ideal gas solution is already available since 2010 to all BCG customers. For

mixtures of natural gas and hydrogen, read the FAQ on hydrogen mixtures.

For hydrogen transportation and storage, three main options are in discussion, or currently utilized by

the industry:

1. High-pressure storage & transportation in the gaseous form - HPH

2. Extremely low temperature storage & transportation in the liquid form - LDH

3. Hydride-based storage in the solid or liquid form - Liquid hydrogen carrier (LHC) technology -
LHC

In this document, we focus on the implementation of the high-pressure hydrogen quantity

conversion solution, delivered as an advanced development (AD) with note 000100.

This solution is defined for mass and volume calculations and represents the first phase of
QuantityWare BCG hydrogen development “HPH 1" - see note 000106 for the associated

development roadmap.

Note: All HPH and LDH Hydrogen implementations will become part of BCG. Hydrogen will appear as a

new product in the BCG usage questionnaire. LHC implementations will become part of BCP.
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2. Configuration Support — Advanced Development

This working paper provides basic support to certified BCS consultants, who wish to implement the high
pressure hydrogen solution at customer site.

As noted above, the hydrogen solution is delivered as an Advanced Development (AD) with note 000100 .
Thus, note 000100 must be implemented into the customer system landscape before the configuration
can be implemented by a certified BCS consultant. With BCS 30A CSP03 30B CSP02, the AD is delivered
to all BCG customers.

For additional clarifications, a consultant inquiry ticket (available to all certified BCS consultants) should
be raised via the QuantityWare Support Portal.
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3. High Pressure Hydrogen — Measurement Standard

A complete and well defined measurement standard defining all required quantity conversions -

including a precise implementation instruction - for high pressure H; calculations is not currently

available. To provide a scientifically-based solution to meet the industries’ needs, QuantityWare thus
implemented the NIST equation (3) calculation defined in J. Res. Natl. Inst. Stand. Technol. 113, 341-350

(2008) - Revised Standardized Equation for Hydrogen Gas Densities for Fuel Consumption Applications. The

implementation is based on an equation of state with an expression (equation (3)) that allows calculation

of H, compressibility factors and molar densities. It thus provides all required calculation parameters to

convert mass and volume quantity values for high pressure hydrogen conversions within a newly

developed real gas hydrogen calculation model.

This implementation is confirmed by a new BCG test report, based on the examples given therein:

Table 2. Test points for validating computer code based on Eq. (3)

1(K) p(MPa)
200 1

300 10
400 50
500 200
200 200

Environment ¢

VA p(mol/1)
1.00675450 0.59732645
1.05985282 3.78267048
1.24304763 12.09449023
1.74461629 27.57562673
2.85953449 42.06006952

em Help > solmes [ of | — M X

Gas Measurement Cockpit

Units of Measurement Print Standards Lists

v v @ (@ ouantyware service Portal  hore v 0 a % ek

QI Configuration Gas Analysis Test Tools

@)

[ < Run Scenarios. ]

[ 2, Maintain Scenarios |

2, Maintain Scenario Logs |

Single Installation Tests by Standard Designation
Low Pressure Gas & Property Data

[ < 150 6976(16) Property Cale. ]

T} 1S0 6976(05) Praperty Calc.

High Pressure Gas - Compression Faclors

[ =} AGARepon No. 8 - Detailed ]

T GERG(2008) EOS - Detailed

[ 7 validate GPA2145(16) Data |

|3 GOST 30815 - Gross&Detailed |

[ 5 validate GPA2145(09) Data |

[ 7 validate GPAZ145(03) Data |

[ j AGA Report No. 8 - Gross |

[ 3 validate 150 6976(16) Daa |

[ J NISTJRVel. 113 No. & |
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List Edit Goto System Help > solmoio [»] &

Test NIST JR Vol. 113 No. 6 11/12 2008 Installation - Hydrogen EQS

v | v @ cancel (1 0 G Q @ & O A v b
r '\A
Result of test run for NIST JR Vol. 113 No. 6 11/12 2808 hydrogen EOS 1~
Test Hydrogen NIST Journal of Research Vol.113 No.6 11/12 2008
Number of executed examples: &

No errors detected :-)

Example: 001 200 Kelvin 1 MPa Result o.k.

Example: 002 300 Kelvin 10 MPa Result o.k.

Example: 003 400 Kelvin 50 MPa Result o.k.

Example: 004 500 Kelvin 200 MPa Result o.k.

Example: 005 200 Kelvin 200 MPa Result o.k.

L =
|
|
2

List Edit Goto System Help > SOI(1)010 E yﬁ

Test NIST JR Vol. 113 No. 6 11/12 2008 Installation - Hydrogen EQOS

v v @ cancel £ (1 (1 Q @ B O8O % 6t
r N
Details of the calculation h
Example number: 001
Input:

Flowing Temperature K B 200

Flowing Pressure MPa B 1

Results:

Compression Factor at flowing conditions

Expected by the standard : 1.00675450

Calculated by the progr. : 1.00675450

Molar density(mol/L)at flowing conditions

Expected by the standard : 0.59732645

Calculated by the progr. : 0.59732645

Absolute density(kg/m?)at flowing conditions

Expected by the standard : 1.20413845

Calculated by the progr. : 1.20413845

L =
|
|
4
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Configuration Details

e For hydrogen, the existing SAP QCI product type:
B General Gases (Pure, Inert)
is utilized. This required extension of the natural gas/LNG conversion groups customizing

transaction allows selection of this product types’ conversion groups for maintenance and

exclusion from the crude oil & products conversion group maintenance.

e For this product type, the natural gas/LNG customizing transaction is also used:

sion Groups'; Deta
v | v OB § HewCwie OO b 2 [ 3 cuwe [~ = = S T ) v B oy wEee @O & 4G A 3o e

Conctmngmp || Eoscrptien ok e s 1 s e S Base cansersion units o meesure

DCI LG, NatursL Gas & Hydrogen Conversion Groups
Preduct s Garersl sea (P, vz

Lotk
r

Product dazs

Hounting pressae Lan L Roundng ccrcuston Lo

At telerance Levels
Talerarze s

uanity aror % nigh 0500

Ouenity aror 0500
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1. A new QuantityWare Product Group - QT - Hydrogen & Similar Products - has been defined:

= QuantityWare Product Classification - Template Conv. Groups (1) ... _ X
viealla* e By &
QW Product group Short Descript.

Not specified

Qoo Industry Practice Formulas (e.g. linear DCF / VCF Model)
Qov Historical & Country spec. Versions: e.g. ASTM D1250-1952
Q1 Crude Oil
Q2 Refined Products
Q3 Special Applications
Q4 Lubricating Oil
Q5 Asphalt, Bitumen, Road Tar
Q7 LPG - Liquefied Petroleum Gas
Q9 Industrial Aromatic Hydrocarbons & Bulk Chemicals
Ql Renewable Fuels & Similar Products
as Solid Products
QT 1Hydrogen
lau "LNG - Liquefied Natural Gas
Qv Natural Gas - Low Pressure/ High Pressure Pipeline

15 Entries found

e The new template conversion groups for hydrogen will start with QT
2. A new hydrogen calculation model has been developed.

3. A new calculation scenario has been defined, which requires a new scenario function
(/QTYW/MQCI_BCG_HYDROGEN_HP_PT ) that implements all physical property parameter

calculations and correction factor calculations:

= Program Edit Goto System Help > sOlI(1)010 & _ 0O X

< SAP  Gas Measurement Cockpit: Display Conversion Groups by Calc. Scenario

v | v @ [ cancel = e - I R

Select conversion groups for calculation scenario:

HPH COMP - flowing p, T - 100% hydrogen NIST JR VOL 113 ~
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= List Edit Goto Settings System Help > soi@oiw M & — O X

< SAP Gas Measurement Cockpit: Display Conversion Groups by Calc. Scenario

v | vi2 = VY ¥ (x @ B B Morev Q @ B 0O 8O % B

Conversion Groups for Natural Gas/LNG/Hydrogen
Scenario

D
HPH COMP - flowing p, T - 100% hydrogen NIST JR VOL 113

...C.GrpRdg. gro...Ran... QC|  Set... Description P.t. Qty.EL... Qty.WL... Qty WH... Qty.EH...
T 1_‘MM QTHO QTYW QX HYDROGEN HIGH PRESA 15 °C / 101.325 KPA B 0.50 0.10 0.10 0.50
LZJwM QTHO QTYW QX HYDROGEN HIGH PRESG 15 °C / 101.325 KPA B 0.50 0.10 0.10 0.50

3 QTH2 QTH2 QTH2 QTYW QY HYDROGEN HIGH PRESA 60 °F/14.696 PSI B 0.50 0.10 0.10 0.50

4 QTH3 QTH2 QTH2 QTYW QY HYDROGEN HIGH PRESG 60 °F/14.696 PSI B 0.50 0.10 0.10 0.50

EN

Four new template conversion groups are defined (and are delivered with the BCS 3.0 CSP in Q4 2023);
two for the ISO base conditions (either absolute or gauge pressure input) and two for the U.S. customary

base conditions (either absolute or gauge pressure input).

Configuration Example: 7 new hydrogen MQCI model functions have been developed:

Edit Goto Selection Utlities System Help > soi(olo [ &

Change View "SAP QCI MQCI Model Function Sequence”; Overview

v ~ & NewEnties E © & 8% 88 8 cancel (* T 1 (% & M| OMm B Exit
Dialog Structure SAP QCI & MQCI Model Function Sequence [{9}‘
~[1QCI: LNG, Natural Gas & Hydragen Conversion Groups ——— ey m— —

¥ISAP QCI & MOCI Model Function Sequence ~
= ] QTHE 1 IQTYW/MQCI_CALL_BCG 5 [
[M1Link Reading Group to Conversion Group
7] QTHO 2 IOTYW/MGCI_HYD_UCM_DIM_CHECK
[1Assign Additional Units to Conversion Group d - e >
[“1Assign Set ID for Physical Properties []qTHe 3 IQTYW/MOCI_BCG_CALC_ABS PRESS2 7
QTHE 5 IQTYW/MQCI BCG_HYDCOND DEFAULT 9
[Jatie 15 |[[QTYMUCHECK_PARAM_RANGES [
QTHE 20 [IQTYW/MQCI_BCG_ROUND_INP_HYD 7
QTHE 25 fQTYWI/MQCI_BCG_CONVERT_INP_HYD 5 I
i [v]QTHO 30 fQTYW/MQCI_BCG_HYDROGEN_HP_PT 5
QTHO 35  |/QTYW/MQCI_BCG_ROUND_RES_HYD 5
QTHE E IQTYWIALT_HYD_OBS_TO_ALT_QUAN 5
L
[]aTHo 45 |/IQTYW/MQCI_ROUND_ALT_QUANTITY 5
[ are 50 |/[QTYW/MQCI_SAP_OVERFLOW CHECK 5
[ atie 55 [IQTYW/MQCI SAP QUANTITY CHECK 5
[ aTHe 90 |[/}QTYW/MQCI_SYNC_EXT VALUES c |
< v
[ _APasition... ] Entry 1 of 14
<o I < -
)
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= Table View Edit Goto Selection Utilittes System Help > soi@owo ] &

Change View "Assign Set ID for Physical Properties”: Overview

v | v 6 NewEntries E] O & 2% 88 88 cancel (F (T (] (i 2 B & % Exit

(REFRSETEID Assign Set ID for Physical Properties

~[JQCI: LNG, Natural Gas & Hydrogen Conversion Groups

Conversion group Physical property set ID
[ISAP QCI & MQCI Model Function Sequence i
- [ QTHe
[1Link Reading Group to Conversion Group
[1Assign Additional Units to Conversion Group : = - :

19 Assign Set ID for Physical Properties

) Position... J Entry 1 of 1

@ One entry chosen View details

Note: The Physical property set contains hydrogen data only - e.g. from GPA 2145-16 (or other sources,

depending on customer requirements)

= TableView Edit Goto Selection Utiliies System Help > S0I(1) 010 o

Change View "Link Reading Group to Conversion Group": Overview

v | v~ B & NewEntries & O $© 88 8% cancet F (1 £ (i ==
Dialog Structure Link Reading Group to Conversion Group @
~[QCI: LNG, Natural Gas & Hydrogen Conversion Groups Conversion group Reading group
[-:IS,AP Qcl & MQCI Model Function Sequence ] oTHe E
T Link Reading Group to Conversion Group [N
[ Assign Additional Units to Conversion Group 3 <> il

[JAssign Set ID for Physical Properties

Entry Lof 1

<> I < >

@ One entry chosen View details

Edit Goto Selection Utilities 3 501 (1) 010

Change View "Reading Group Entries"; Overview

v % Newkmres & O © 2% 22 3 cacel (F [ (1 (1 g 00 % e
Dialog Structure Reading Group Entries
[ Reading Group Definftion Rdg. Parname  Parameter description Parameter value  Unit Sorting.. Copy IO defaults /O transactions :
S = QTHO BDNGAS Density @ base 0.00000000 KGV 4 Cop.. ~wisible., output ~visible, output C
] OTHO BRELDGAS  Molar density (moliL) @ base  ©.00006800 5 Cop. wvisible, outpu. ~visible. output, as checkbox (char.), no unit (fltp.)
(] QTHO COMPFACFE  Compr. fac. flowing to base 9.00080000 10 Cop. wvisible, outpu. ~visible, output, as checkbox (char.). no unit (fltp.)
(] QTHE COMPFCBASE Compression @ base 0.00009008 8 Cop.. wvisible, outpu. ~wvisible, output. as checkbox (char.). no unit (fltp.}
] OTHB COMPFCOBS  Compression @ flowing 0.00000000 9 Cop. ~visible, outpu. < visible, output, as checkbox (char.), no unit (fltp.)
[]OTHO FLDNGAS  dansity @ flowing 000080000 KGV 6 Cop.. ~visible, output s visible, output
[ QTHG HVWOLINF  Heating value, inferior 0.00000000 MJm 14 Cop.. wwvisible, outpul wvisible, outputl
] OTHO HYWOLSUP  Heating value, superior 000080000 MIM 13 Cop.. wvisible, outpul wvisible, oulpul
[ QTHE MOLWETGHT  Molar mass ©.00000000 KGM 3 Cop.. ~visible, outpul ~visible, oulpul
i [ 0THO OBSMTMETFR Flowing pressure 11076000000 BAR 1 Cop.. vvisible, inpul. wvisible, inpul,output
1 OTHB OBSMTMET TP Flowing temperature 12.50000000 CEL 2 Cop.. vvisible, input. ~visible, input,output
[ OTHO PRESFACIB  Press. fac. flowing to base . 000EHOO0 11 Cop.. ~visible, outpu. s visible, output, as checkbox (char.), no unit (flip.)
CJOTHD TDLICH M Molar density {(moliL) @flowing @ .00000000 7 Cop.. wvisible, outpu.. ~visible, output, as checkbox (char.), no unit (flip.)
[ OTHD TEMPFACFE Temp.fac. flowing to base ©.,00000000 12 Cop.. wwvisible, outpu.. ~visible, output, as checkbox (char.), no unit (flip.)
<> v
%
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5. Calculation Scenario HPH 1 - Details

The high-pressure calculation scenario requires the input of a flowing pressure and a flowing
temperature; pressure values may be absolute (PRESA) or gauge (PRESG) values:

Calculator Edit Goto System Help >

QCI : Calculator for additional quantities

v I V‘ (3] Material  y (Re)use Defaults  Cancel 3 % Exit

Calculation parameters

Conv. Group ‘OTHO‘ [HYDROGEN HIGH PRESA 15 °C / 101.325 KPA ]
UoM Group QHY \(JUANTITYWARE HYDROGEN - MASS & VOLUME ‘
Date 07.12.2023]10:46:01|

Input Qty Add.parameters for chemicals
Transactn. qty. [ 1000GI‘M3 ] Base density [

Therm. expan. coeff.

Result
Parameter C..| Value U. & AddlLgty U. M.

Flowing pressure 432 .70000) WBAR z 3418050.726CMO []

Flowing temperature -12.50 JCEL I 3605689.845CM5 []

Molar mass 0.00201590 KGM 302.370LTO [

Density @ base 0.085205 KGV 10000.000M3 [

Molar density (mol/L) @ base 0.042267 124786.824MC1 []

density @ flowing 30.722191 Kav 127284.398MC2 [] ~
<>m <>~ <H>Im <> v
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> sol(@ow [ &

QCI : Calculator for additional quantities

V‘ (3] Material ¥k (Re)use Defaults ~ Cancel

Calculation parameters

]

Conv. Group ‘QTHO‘ \HYDROGEN HIGH PRESA 15 °C / 101.325 KPA l
UoM Group QHY \QUANTITW\IARE HYDROGEN - MASS & VOLUME ‘
Date 07.12.2023]10:46:01]

Input Qty Add.parameters for chemicals
Transactn. qty. [ 10000]‘:M3 ] Base density

Therm. expan. coeff.
Result
Parameter C..| Value U. & AddLaty
Molar density (mol/L) @flowing 15.240089 & 3418050
Compression @ base 1.000608 T 3605689
Compression @ flowing 1.310108 T 302.
Compr. fac. flowing to base 0.763760 I 10000
Press. fac. flowing to base 427.041698 124786.
Temp.fac. flowing to base 1.105505 N 127284
<>l <>~ <>

.726CMO
.845CM5

.000M3

.398MC2

B8 % Ext

[

u.

370LTO

<> B

824MC1

OoooooQs
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Calculator Edit Goto System Help

QCI : Calculator for additional quantities

V| (3] Material 9 (Re)use Defaults ~ Cancel

Calculation parameters

Conv. Group \0THO| IHYDROGEN HIGH PRESA 15 °C / 101.325 KPA ]
UoM Group QHY IOUANTITYWARE HYDROGEN - MASS & VOLUME ‘
Date 07.12.2023]10:46:01]
Input Qty Add.parameters for chemicals
Transactn. gty. [ 10000 "B] Base density [ I
Therm. expan. coeff. ‘:’
Result
Parameter C..| Value U.. & AddLgty U. M. {iﬁ
Temp.fac. flowing to base 1.105505 = 3418050.726CMO [ C
i
Heating value, superior 12.16020 MJM 3605689.845CM5 []
Heating value, inferior 10,2230 JMJM 302.370LTO [] I
10000.000M3 []
I 124786.824MC1 []
- ():<)- 127284 .398MC2 D():

> sol(@ow [ &

B8 v Ex

a. Calculation of molar densities and compression factors is achieved via the NIST function

described above.

b. Masses and volumes may be calculated & converted; volume UoM need to be either at observed
conditions (no temperature and no pressure value assigned to the UoM) or at defined standard
reference conditions (temperature and pressure value assigned to UoM).

c. Typically, the volume at flowing conditions is the transaction quantity. However, any UoM of SAP
Dimension ID MASS or VOLUME may be used as transaction UoM (symmetric model
implementation), if the requirement described in (b) for volume UoM is considered.

d. The molar mass and the heating values are read from the assigned physical property data set.
The density value is calculated from the molar density value.
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SAP, R/3, mySAP, mySAP.com, XApps, XApp, SAP NetWeaver, and other SAP products and services mentioned herein
as well as their respective logos are trademarks or registered trademarks of SAP AG in Germany and in several other
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These materials and the information therein are subject to change without notice. These materials are provided by
the company QuantityWare GmbH for informational purposes only. There is no implied representation or warranty
of any kind, and QuantityWare GmbH shall not be liable for errors or omissions with respect to the materials
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