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The hydrocarbon emission accounting challenge

You cannot manage what

Data Capture Reporting
you cannot measure. & Data Quality & Monitoring
Need to measure Regulatory governments and
. . . . . and model emission industry set standards.
Reportlng emiIssIions IS onIy one dimension. from known and

unknown sources.

Net zero goals are set by global (COPS),
governments and companies.

Reducing emissions requires a baseline,
targets and the ability to monitor emissions.

Monitoring and reducing emissions work
best when coupled to managing the source

of emissions. : : Direct and
Audit trails indirect emissi
Hydrocarbon accounting is one such Required to validate INdirect emissions
source where emissions is one of its ~ and verify Account for all GHG
value indicators emissions from and non-GHG emissions
' results to source. throughout the values

chain.
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Emission scopes

NEUTRAL

Scope 1 - Direct Scope 2 - Indirect
@' From own or {%f; From generation of

~= ~ controlled sources* purchased energy + tie-ins

Scope 3 - Indirect

J:[‘—I'l Upstream /
ﬁ) downstream (XEM 3.0)
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Emission strategy — a proactive approach

Measurement & Establish a
reduction scenarios baseline

CARBON

Measurement and
reduction targets

NEUTRAL

FOR ABETTER
FUTURE

Execute and Offset carbon
monitor emissions
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Measure & Detect

Decide & Act
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Emission inventories defined

Sum emission inventory
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#sources

E — z EFl 'Ai
=1
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Emission inventories defined

CO, equivalents as
a “common currency”
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ECOZe —

#GHG sources

2.
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EF; X A; X GW Pgg,
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Emission inventories defined

GHG Inventory
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Ecye = E

Combustion
C02 e

+ E

Direct
COze

+ E

Indirect
COze
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Emission monitoring methodology

Liquid and Flare & Stationary
gaseous fuel @ combustion

Vented and
fugitive gas
J J Sources
Electricity and Currencies
energy and quantities*
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Measured emission
factors (CEMS)

Estimated emission
factors (PEMS)

Referenced emission
factors (PEMS)

Energy / volume
conversions
(GCVINCV)
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Emission monitoring approaches

CEMS - Continuous Emission Monitoring Systems

T~ Hardware based - from measured concentration
& to emissions

PEMS — Predictive Emission Monitoring Systems

{ory | Software — estimating emissions by
mathematical models
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Continuous Emission Monitoring System (CEMS)

ol
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il

E I ORECaSOS

e Chemiluminescence
e Pulsed Fluorescence
* NDIR/FTIR

QE *  Flame lonization

e Zirconium Oxide
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PEMS — Example parametric model

=)

aa  Stationary combustion — component analysis

Conversion
A

CO, from hydrocarbon

r

1
E =V, X — X MW, XK X z X
CO, flare Kmolar ol CO, mass [ ( moleg

A

\ r
moley

ne, fuel mole,

N
Ef ~molecoz’f

moley

m0leC,combusted

E&P Forum, 1994, control device performance, EPA GHGRP Subpart W5, and results from the more recent flare studies

Inherent CO,

A

r

)+

ne moleco,

)

moleg

HC + cof
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Flare gas

——

Flue gas

Co3 + CoJ
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EC Environmental plug-in enables emissions with EC

Te

)

A e, p/a’@s
C()/7 f/.g

Modules
and tools

Reporting
& Analytics

Hydrocarbon
accounting

Energy Components
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H| e

_|_

EC Hydrocarbon accounting

Emissions management with EC
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EC Environmental plug-in enables emissions with EC

Configuration Emission Config Method selection

Library calculations — pre-config

Environmental 2
2.2 Emission Inert Total CH. CO.e N,O
factors emissions Carbon 4~>2 CO,e

Production / Transport % Automation
EC 8RBl n

Streams Production Emission Emission
13.1 data locations allocation
13.2
Compon_ent Allocation _Vo_lum_e Dailly allocation
analysis network distribution

© 2023 Quorum Software. All Rights Reserved.

Unit conversion config

f(x)

nmVOC

Total
gas

<&

Calculation
library

BPM / Tasks

w

Emission
results

Analytics

Trends

GHG Status

%)

5

Compliance

Emissions
status
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EC hydrocarbon accounting — stream activity for emissions
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% LNG Liftings

804
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Stream examples

Flaring Venting and flaring

Flue gas Vent Flue gas
€05+ COJ + CH}, C0J + CH, + nmVOC €05+ COJ + CH},

x| +}

Flare Gas Flare Gas

HC +cof

HC + coj

{nect23
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Stream examples

Stationary combustion — fuel or CEMS

a

Flue gas (exhaust)

Gas Fuel

HC + CO; v—
HCpyp —

Liquid Fuel
* Volume

* Energy (HHV, LHV)
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Scope 2 emissions — Electricity mix

Y o

—~

e
l

Emission
factors
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/

Allocations and meter data for emissions

ASj_TEF!M_FCTY_OIL_EX
ASH}TERM_FCTY_GAE_E
kE1_;fERM_FCT‘r_GAS_FLA

AS1_TERM_FCTY_GAS_

[=]

AS1_TERM_FCTY

[19]

AS1 TERM _FCTY WAT_

AS1 Bﬂ:

AS1_FCTY_06 AS1_FCTY_07 i‘-'Am_ch_uz AS1_FCTY_10
[30] [30] [30] [30]
o et a o o pert S — a i o s — a o o Rt — a
=] =] =] [=] =] =] =] =] =] =] =] =]
Component Emission CO2 Equivalent Emission
Component EF Source  Type EF Value EF Unit Emission EF Value EF Unit CO2e Emission
[kg] [kg]

Carbon Dioxide Analysis Volume EF 232.5374 kg/Sm? 1,419,013.11 2325374 kg/Sm? 1,419,013.11
Methane Analysis Volume EF 127.1480 kg/Sm?* 775,895.13 3,560.1435 kg/Sm?® 21,725,063.72
Nitrous Oxide Analysis Volume EF

© 2023 Quorum Software. All Rights Reserved.

23.2554 kg/Sm?®

141,911.63  2,790.6520 kg/Sm?

17,029,395.48
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Pre-configured calculations

| FLOWCHART

o Q o
=] -3 0 -3 (o) -3
Calculate Componant
ritialize Reset Daily Component Emission factor
 ——— = L  E——
Emission Emission Factor conversion
{CalP EM.001) {Calp EM.008)
1] o 1]
e} in] [n] in] 0
0 -4 D -4 (o) - & =
Caleulate Caleulate
Caleulate Calculate Stream
o eI Component CO2a Component CO2e Emizslons Post Emls_slon Stop
{Cmalmp EM.003) > Vol EF > Emission > (Calp EMS.005) > calculation
: {CalP EM.ODZ) {Calp EM.004) :
o] o] ] ]
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Customizable and auditable equations with EC Calculations

=] &

D &

5 &
Calculate

{Component Emisson
(Calp EM.003)

.

CURRENT LOCATION

Calp Standard Emission
L Calculate Component Emission Factor (CalP EM.001) [LIBRARY]
L CO2 Stc Vol EF by MVC [LIBRARY]
L 02 Stc Vol EF

| EQUATIONS |

m GENERATE DOCUMENTATION

Eqn# Disable Doc [lerations Condition Equation
1 D ? - ? - INFO s.LﬁbNams=.:::> Calculating CO2 Stc Vol EF by MVC for stream -= ' + Namas-*'Hc-:\"-*Cuda e -
2 D 7 .. isvalid ( sEFMethod } ~ sEFMethed = 'EF.005 .. INFO sLibName " Sum nFhec == ' + nFhe + " CO2 Mot Wt -> " + nCO2Molwt + * Efficiency -> ' + nEfficiency .
? isValid | sEFMethod ) » sEFMethod = "EF.005' nCO2ZMaolWt nCOZMolPERC
3 B | isValid[sEFMethod ) # SEFMe . ncozvoleF = =220 L [ g + nEficiency ) + | oo 7 ) )+ KuoM .
MVC 100
4 @ ? . isValid | nCO2VoIEF | . XEM_wDailyCompEF _ . =nCO2VolEF -
5 @ 7 . TisValid | vEFTargetUnit ) » isValid | nCO2VoIEF ) . XEM_wDailyCompEFUnit _ . = vEFUnit .
6 @ 7 . isValid | vEFTargetUnit ) » isValid | nCO2VolEF | . XEM_wDailyCompEFUnit _ . =vEFTargetUnit .
7 @ ? . isValid[ nCO2VoIEF | .~ XEM_wDailyCompEFType . . .. = VOLUME_EF -
8 @ ? . isVal id( nCO2VolEF ] .. XEM_wDailyCompEFSource s d he - c .
g D ? wl|l? o INFO _ 4 piame = "Calculated CO2 Ste Vol EF by MVC ' + nCO2VlEF -

© 2023 Quorum Software. All Rights Reserved.
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Example: Emission vs. hydrocarbon totals

Terminal Dashboard with Emissions

Terminal Dashboard with Emissions

Production Overview LNG Status Feed Gas

Terminal Overview (&) emeray components
Totals [MT]

% Terminal Feed Gas ¥ TrainFeedGas Ml LNG to Storage asa LNGExported é Gas Flaring Gas Fuel B cond. Delta Stock
957.48k 906.66k 850.56k 892.3k 9.34k 46.76k -4.01k
Emissions [MT]

& Total CO2 & cH & N2 & Total GHG & rmvoc

443.34k 1.67m 13.21 47.08m 1.37m
& TotalCo2e & cH4co2e & N20cO2e & Total Carbon
47.08m 46.63m 1.74k 12.85m

7N,
{nect23
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Example: emission response vs production

Terminal Dashboard with Emissions

Production Overview LNG Status Feed Gas Gas Flare Gas Fuel
i i (@®) eneray components
Gas Flare [MT] Train Gas Flaring [MT] N oG crum Sofwere
300
- 300 3
200 250 /_.-" 25k
150 200 2k
100 150 |- 15k
50 100 1k
o 50 500
50ct2022 120ct 2022 190ct 2022 260ct2022 N B
50ct2022 12 0ct2022 190ct 2022 260ct2022

© 2023 Quorum Software. All Rights Reserved.

Gas Flare Emissions

Stream Name: @ Oryx Train1 Flare Gas @ Oryx Train2 Flare Gas ® Oryx Train 3 Flare Gas

Carbon dioxide

- 600
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5 400
8
© 200
o
15/10/2022 30/10/2022
Date
Carbon dioxide equivalents
50k — o e
g ok \__J
£ 30k
8 20k
3
10k
o
15/10/2022 30/10/2022
Date
GHG Emission

15/10/2022 3011072022

CH4 CO2e (Kg

Carbon (Kg)

Methane Nitrous oxide
]
=
o
8
< 100
15/10/2022 30/1072022 o 15102022 307072022
bete Date
N20 CO2 equivalent
=
g
8
100 S
2
o o o
15/10/2022 301072022 157072022 301072022
Date
Total Carbon
10k U
5k
o
15/10/2022 30/10/2022
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What's coming in EC Environmental 3.0

Injul»
>

2

Emission Sub-daily
scenarios emissions
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& .3

Scope 3 Emission intensity
emissions calculations
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Roadmap 2023/24

Q3 2023

2024

y >
wws I/

* New pre-config

e Standard BPM

© 2023 Quorum Software. All Rights Reserved.

/ » Carbon offset

/ » Carbon economics

) * Forecasting / PEMS (ML/AI)
*  Sulfur emissions » Forecast scenarios

* LNG and cargo emission
-
* Regulatory reporting structure
+ Emission targets and analytics
« Emission error and uncertainties

* Scope 3 emissions
« Additional calculations
* Emission scenarios

* Emission intensity
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EC Environmental;: Towards net zero carbon

f\ Focus on environmental
@ impact drives regulatory k‘

requirements

& Make decisions to balance
C cost of mitigation and
Dg\ revenue

© 2023 Quorum Software. All Rights Reserved.

You cannot
manage what you
cannot measure

olctalo

|o‘\o|
DII‘JI

e

Mitigation strategy and
resolutions impacts
operational cost & revenue

Use data and information
to monitor and report

emissions
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