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Methane and total emissions from combustion

Figure 11: Offshore methane emissions by source, 2018-2021 (scurce: Nag) Figure 4: 2021 industry GHG emissions by source [ource: NAE)
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Options for measuring Methane from

turbines and compressors

Source Time Traceability and Physical Installation
Method Specificity resolved uncertainty for footprint and
emissions reporting maintenance

Adopting Low Low No n/a n/a
published
Emission
factors
Locally Variable Variable No n/a Limited
Derived guidance
emission available
Factors
Continuous High High Yes Significant Significant
Emissions ongoing
Monitoring technician
Systems support
Predictive High High Yes n/a Episodic
Emissions calibration
Monitoring checks
Systems




PEMS — Predictive Emissions Monitoring System

Unburned methane in combustion gases

—  Incomplete combustion

Mcun = (1 = Ncomp) * Mryer * XcHa

Xcy4 Methane mass fraction in fuel

Compressor
Inlet

Discharge Turbine Exhaust
*  Tcomp COmbustion efficiency 11,6000 DegC 442.0000 DegC 30670%
1.0100 Bar 18.3000 Bar 15.6490 %
56.9000 % 490.0000 DegC
Calculate 1comp

- Combustion zones

— Combustion reaction network
e 2-8zones

PEMS Emissions
CH4 flow in stack
. . . 10.0695 mg/s
—  Kinetic reaction rates ‘ o
. u ) '
—  Controlling parameters L L 143809 ks
CO2 flow rate
 Combustion zone temperatures 38767 kg/s
. . Fuel
«  Residence time z
671283813 kW

Power

Combustion conditions calculated from Energy and mass

20.8098 MW
balances

Stack measurements used to fit model
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Accuracy and traceability

CH4ppm
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CHa Average Expanded Expanded Standard
- Uncertainty Uncertainty Deviation

Concentration Value Absolute Relative Absolute

- [ppm] [ppm] [%] [ppm]

Low Load

5.7 MW 1.422 + 0.013 + 0.86 + 0.006(2)

High Load 0.051 + 0.005 + 8.60 + 0.002(2)

11.0 MW ) ) ) )

Ref
e PEMIS

*The uncertainty of a unique Predictive Emissions Monitoring System based on hybrid

development
Sandvig et al.

Global Flow Measurement Workshop 2022

|&E



Time-resolved mass emission rate

Methane emissions kg/h

45

40

35

30

25

20

15

10

@ \ethane Mass Flowrate (PEMS)

@ Methane Mass Flowrate (EF)

Short burst of intense
emissions during start-
up/shut-down

I

14

12

10

——Power Generated
(MW)

—— Methane volumetric
6 concentration (ppm)

MW & ppm

——G@Gas Turbine Fuel Gas
Flow (kg/hr)

0
00:00:00 02:24:00
Time

Emission factor
estimates track fuel
gas usage

4
Months

gttty

P SRAA A —
04:48:00 07:12:00

Long periods of low
emissions when running
close to optimal load

1.2

0.8

0.4

0.2

kg/hr

|&E



Tracking cumulative emissions over time

Cumulative CH, emissions - kg

GT operating close to optimal load near continuous operation
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Translating measurement into emissions reductions
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