measuring for the energy transition

. NORTH SEb
h \o) MEASUREMENT WORKSHOP

71

AAN e\

N NG 4
Fluxus Natural Gas Engine

G. Hoheisel - Flexim
D. Ulbrich - Flexim
l. Rivera — Flexim
C. Stopkoski - Flexim ( Presenter)
P. Batch - Esco Argentina

==FLEXIM




Content

_— — —
=\

Introduction

NORTH SEA Af

FLOW

MEASUREMENT WORKSHOP

measuring for the energy transition

Natural Gas Engine Capabilities

Conclusions

References

10/8/2020

38t North Sea Flow Measurement Workshop 2



NORTH SEA ,/\',«

) Flexim Company History FLOW

MEASUREMENT WORKSHOP
p measuring for the energy transition

—_— S — ey —

— .

S FLEXIM

Headquarter in Berlin

» 270 employees
» Manufacturing, calibration, research & development
» All shareholders are company founders

 Technology driven development
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Global Company

* Branches worldwide

» Final production, service support points and calibration facilities in target
markets

 Approximately 500 direct FLEXIM employees worldwide

 Extensive Representative and Distributor Network
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Ultrasonic flow meters can measure sound speed
and flow simultaneously:

Transducer 1

Sonic velocity:

CFI = IFluid
ul
tdown +tup _t
0
2
Volume flow:
At
Q=K. -A-K, —
L “2t,
t, t,
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» USM Gas Measurement is widely accepted in the Oil & Gas Industry, however,
changes in gas composition can have an effect in meter accuracy and require
additional field instrumentation to convert meter output from actual to standard
conditions.

'L L

« Since natural gas is a multicomponent, not ideal gas, compressibility factor
calculations are challenging and require knowledge of gas composition. Q

« Traditionally, the process of estimating the Z-factor involved empirical

correlations, which often yielded weak results either due to their limited E
accuracy or due to calculation difficulties, therefore; —
Gas Chromatographer and a Flow Computers are used for: \ Q T

Unit conversion from actual to standard conditions @

Calculate gas compressibility factor Z
Molecular weight
Density & Calorific Values

o LT o
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» AGA-9 is the standard for ultrasonic gas flow measurement

* AGA-9 formula for Standard Volume:

» STD volume is compensated for pressure — temp - compressibility

Where:

Qb
Qr
Py

Th
Tr
Zp
Zs

Qv = Qe (Pi/Py) (To/Ts) (£n/Z5)

Flow rate at base conditions

Flow rate at flowing conditions

Base pressure, typically 14.73 psia (101.325 kPa)

Absolute static pressure of gas at flowing conditions from meter tap

Base temperature, typically 519.67 °R (288.15 °K)

Absolute temperature of gas at flowing conditions

Compressibility factor of gas at base conditions, per A.G.A. Report No. 8
Compressibility factor of gas at flowing conditions, per A.G.A. Report No. 8
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Standard Natural Gas Example

Low Methane Content Example

“ AGA 10 Example Program

=15x]

File Help
—Composition (Male Percent)
Helium |0 Propane ID 2002002 n-Cctane ID_
Hydrogen |0- i-Butane ID n-Nonane ID
Mitrogen 1.3013013 rrButane ID n-Decans ID-
coz 0. i-Pentane ID Argon ID
IHEES o n-Pentane [0 Whiater IU-
Methane |35.2952353 nHexane |0 oo |0.?numu?m
Ethans  [2.5025025 nHeptane [0 0z ID'
TOTAL 100.000000
Clear Mixture Normalize |
Gas Temperature and Absolute Pressure
Fh |14 |p5| =] =1 IEEII] IPS\ |
Th |Eu [Ferrenheit =] Tf |7u [Fanrenheit =]
Current Status
’7 Calculation Completed
Initiglize: | Calculate | Cuuit

— Calculation Results

Speed of Sound

c*

Isentropic Exponent
Specific Enthalpy
Specific Entropy
olar Density
tass Density

RD {ideal gas)

RD (real gas)

Zh

Fpn

halar Mass
Cp (ideal gas)
Cp {real gas)
Cv (real gas)
CpiCv

Enthalpy (ideal gas)

423149682
0.710829275
1.35669684
536 437251
9.20143751
250410433
41.7930388
0576254838
0577152314
0938050543

7 0900259523

1.05283944

16.6853153

215234238

256831374

171724328

1.43660272

593.605441

Imetres per secand vl

IkJ perkg vl
IKJ per kg-k VI

molesfdm3

Ikg per cubic metre vl

koK
kfkgrk

koK

kfkg

" AGA 10 Example Program

Eile  Help
— Compasition (Male Percent) —Calculation Results
Helium l”f Fliafpriiz IW irlcieliz Iui Speed of Sound 386.255707 [metes pe
Hydrogen |0- i-Butane ID 3406 n-Monane |0 o= 0718718989
Mitrogen IW n-Butane IW n-Decane Iui Isentropic Exponent 132237785
ooz Iiw o R |75 i frgon Iin' Specific Enthalpy 477.115508 |kJ perky
Hes 0. Pertne |74_ 2o ot Iin' Specific Entropy 859607446 M
halar Density 2 ED48982 rmoles/dm;
Methane  |35.9062 n-Hexene I”' co - G 498094012 [kg percut
Ethane IW n-Heptane Iﬂi 0z Ini RD (ideal gas) 0.645018418
TOTAL ,m RD (real gas) 0.649489417
Clear Mixture Martmalize | 7h 0.997315735
zf
Gas Temperature and Absolute Pressure Fa 1 07347473
Po  [147 |Psi = e feon [Fsi [ Molar Mass 187682723
Th IED. |Fahrenhen Ll T |?n_ |Fahrenhe‘t Ll Cp (ideal gas) 203978969 kfkork
Cp (real gas) 255315087 kg
Current Status Cwv (real gas) 163093457 kdfkg-K
’7 Fress Calculate CpiCy 1 51803351
Enthalpy (ideal gas) 542634107 kdikg
Initialize | Calculate | Cluit




h Speed of Sound Changes Based On Gas Composition
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» The speed of sound in natural gas is the velocity a sound wave travels in the gas.

 Properties of different gases such as composition, P&T affect the speed of sound

» Uncertainty in Compressibility factor = decreased accuracy

AGA 10 States:

“One of the USM meter
diagnostics is comparing the
speed of sound
determined by the meter to
the theoretical speed of
sound in the gas as
calculated by AGA Report
No. 10.”

Pressure, psia

Temperature, °C
-130 -60 -8 62 120

p

200

NORTH SEA ,

FLOW

MEASUREMENT WORKSHOP

measuring for the energy transition

_/_O

20000 | 1 1 1 | |140
Region 4 1.0%
10000 70
Region 3 0.5%
S
e
gE
aao
2500| 0.3% 117
Region 2
1750 0.1% 12
Region 1
] _ ]
-200 -80 17 143 250 400

Temperature, °F

Figure 1: Targeted Uncertainty for Natural Gas Speed of Sound

Using the AGA Report No. 10 Method
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TEMP - |30°F | 31°F 35°F 40°F 60°F 70°F 90°F | 100°F | 120°F Cumpunents in | Gulf Coast | Ekofisk | Amarillo Air
PRESS J Mole Percent Gas Gas Gas
200 PSIG | 3] 13526] 13585 13659 N944| 14083 1435.1| 1aas1| 14734 Speed of Sound R
201 pyysm 13525 13584] 13655 1303| 14082 14350 14480] 14734 @14.73 & 60°F @4' 1365.6 13';7_3‘_)3_05
202 PSIG/| 13509] 13524] 13583| 13657] 13943 14081] 14349] 14480 14733 G. 0581080649521+ 050%657 | 1.00
205 PSIfs [ 13505 13520] 13580] 13654 13940\ 14079 14348[ 14478 14732 Heating Value | 103605 | 1108.11 | 1034.85
210 PSIG | 13500 13515| 13575| 13649| 13936 |14075| 14344| 14475 14729 Methane 965227 | 85.9063 | 90.6724
500 PSAG | 13216] 13234] 13304] 13391 13724 [13884] 14189] 14336] 14619 Nitrogen 03593 0068 | 31284 | 58.03
501 PSIG | 13215] 13233] 13303| 13390] 13724] J13883] 14189] 14336 14619 Carbon Dicxide | 0.595¢ 12952 | 03676 003
T e T e e Ethane | 18186 | 84919 | 45279
510 PSIG | 135q7| 13225| 13206 13383] JA7I8| 13878] 14185| 14333 14617 Propane 0.4596 23015 | 0.8280
1000 PSIG| 12963 54| 13068| 1321] 13562 13746 1409.7| 14264 14583 I-Butane 0.0977 0.3486 | 0.1037
1001 PSIG| 1296.3| 12984] 13068] 1317.0] 1356.2| 1374.6] 1409.7] 1426.4] 14583 n-Butane 0.1007 0.3506 0.1563
1005 PSIG| 1296.2] 12984 1306.7] 1317.0] 13562 1374.7] 1409.7] 1426.4] 14584 i-Pentane 0.0473 0.0509 0.0321
1010 PSIG| 12962 12983] 1306.7] 13170] 13562] 1374.7] 1409.7] 1426.5| 14585 n-Pentane 0.0324 0.0480 | 0.0443

n- Hexane 0.0664 0.0000 0.0393

Table 2 Speed of Sound in Ft/Sec

Table 3 Reference Gas Compositions
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» S0S and Thermodynamic variables applied to calculate Z, MW and HHV derived from pressure and temperaturemer operating conditions.

« Standard unit conversion calculated dynamically withing the Fluxus meter

'L

« Natural gases are divided into classes based on their HHV in MJ/Kg
* No need to know exact gas composition
» HHV calculation requires known % of N2 & CO2

Class 2. High HHV - NGE - H Class 4. High HHV - NGE - F

Class 3. High HHV - NGE - L

name min mean max Name min mean max Name min mean Max
temperature [°C] -1 30 81 temperature [°C] 3 26 85 temperature [°C] 10 28 52
HHV [MJ/kg] 43 51.9 54.7 HHV [MJ/kg] 25 S5 43.4
mol. weight [g/mo - - L K mol. weight [g/mol| 20.7 | 23] s . .8
methane [mol%] 42 87.1 97.1 methane [mol%] 60.1 72.3 91.9 methane [mol%)] 8.1 42.9 95. 0
ethane [mol%] 0.3 7.0 23.7 ethane [mol%] 2.34 5.02 9.74 ethane [mol%] 0.15 1.48 8.32
propane [mol%] 0.01 2.1 15.5 propane [mol%] 0.69 1.87 3.81 propane [mol%] 0.02 0.29 2.91
i-butane [mol%] 0 0.47 3.9 i-butane [mol%] 0.15 0.42 0.93 i-butane [mol%] 0 0.07 0.76
n-butane [mol%] 0 0.47 5.3 n-butane [mol%] 0.14 0.51 1.09 n-butane [mol%] 0 0.09 0.70
i-pentane [mol%] 0 0.16 1.44 i-pentane [mol%] 0.05 0.18 0.44 i-pentane [mol%] 0 0.03 0.39
n-pentane [mol%] 0 0.1 1.3 n-pentane [mol%] 0.03 0.14 0.32 n-pentane [mol%] 0 0.03 0.72
n-hexane [mol%] 0 0.13 1.02 n-hexane [mol%] 0.02 0.17 0.46 n-hexane [mol%] 0 0.06 3.05
n-heptane [mol%] 0 0.07 0.37 n-heptane [mol%] 0.01 0.09 0.22 n-heptane [mol%] 0 0.06 1.92
C8 & more [mol%] 0 0.02 0.21 C8 & more [mol%] 0 0.02 0.07 C8 & more [mol%] 0 0.02 0.32
02 [mol%] 0 0 0.22 02 [mol%] 0 0 0.03 02 [mol%] 0 0.01 0.64
N2 [mol%] 0.08 0.44 6.97 N2 [mol%] 0.33 0.84 1.67 N2 [mol%] 0.18 0.75 3.29
CO2 [mol%] 0 1.99 10.3 CO2 [Mol%] 10.3 18.4 32.8 CO2 [mol%] 0 54.3 90.6
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Industry-standard method vs. NGE

gas chromatograph + flow computer

gas composition input

methane p
ethane T
propane
I-butane
n-butane

CO2
N2

TTT¢

s

Validation NGE

compressibility z
molecular weight MW
density p
calorificvalues HHV
sound velocity ¢
pressure p
temperature T

N

flow computer output
NIST/AGA10... =z
MW
P
HHV
C —
FLUXUS NGE
input output
»>C z i
p MW
T p
N2 HHV
coz

e

Internal Calculations derived from SoS

« ZNGE=2z(c, T p)
« MWNGE=MW(c, T p)
* HHVNGE = HHV(c, MW, N2, CO2)

Measurement uncertainties

* Technical specs of P&T Sensors

« Sound velocity uncertainty of Fluxus Clamp on
meter

 Meter installation & Sensitivity coefficients
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Standard methodology

STD Volume to PLC/ DCS
STD Volume to PLC/ DCS

Meter calculates Z
factor and does
ACT to STD
conversion in real
time

VS

New Simplified Approach

10/8/2020 38t North Sea Flow Measurement Workshop 15
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Compressibility z and MW for NGE vs. flow
computer

E—

0.9%
80.3%
91.0%

0.7%

1.3%
65.3%
85.3%
4.7%

0.4%
96.2%
99.5%

0%

1.1%
85.8%
92.9%

4.4%

s

-

HHV for NGE vs. flow computer

sample std. dev. HHV in
MJ/ko

data points within 1%

data points within 2%

data points >3% off

sample std. dev. HHV in
MJ/m?
data points within 1%

data points within 2%

data points >3% off

0.7%

85.1%

98.8%

0.0%

1.4%

59.1%

88.2%

5.0%

1.2%

52.3%

85.7%

1.7%

2.3%

33.3%

61.7%

26.7%

3.4%

19.7%

29.0%

19.1%

4.6%

20.8%

31.2%

19.1%

Over 2000 measuring points were evaluated and compared to Flow Computer outputs to determine deviation.
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P [bar] 60 \ \‘
T [°C] 20
nitrogen Cco2 methane ethane propane isobutane  butane isopentane pentane hexane heptane octane
Ref.GasH |Nordsee H 0.009 0.019 0.863 0.086 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ref. Gas L Ingreso a Planta ADLA 1.287 18.537 74.442 3.303 0.251 0.400 0.158 0.131 0.167 0.095 0.021
Z & MW Results HHV Results
FLUXUS measure NIST NGE correct gas class | NGE wrong gas class NIST NGE correct gas class  |NGE wrong gas class
C [ MW [ MW [ MW HHV HHV HHV
[m/s] [g/mol] [g/mol] [g/mol (Mifkg]  [[MJ/kg] [MI/kg]
390.78§  0.860 18.43 0.860 18.64 0.890 18.70 51.56 51.6 54
346,901 0.342 2).84 0.840 2048 0.805 201 34.30 34.2 321

NGE vs NIST Z Factor calculation with +/- 0.6% deviation

NGE vs NIST HHV Factor calculation with +/- 0.3%

deviation
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1. Fluxus NGE embedded feature in Clamp On Ultrasonic Meter

2. Enables real time dynamic gas compressibility calculation without a known composition input
3. Performs actual to standard conversion without flow computer.

4. Live line pressure and temperature inputs required

5. 3 main gas classes for end user to select based on HHV

6. MW and HHV calculations possible with known N2 and CO2 content
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