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Programme

~=TEP The Joint Environmental Programme
J of the Electricity Supply Industry

* The objective of the JEP is to understand and increase knowledge of the
environmental science and impacts associated with the production of
electricity from, gas, biomass, gasoil and coal fired power plants.

* The JEP develops a programme each year the purpose of which is:

* To inform the industry’s response to developing environmental issues,
policies and legislation.

e Offering supporting technical material for environmental permitting,
consent and licensing applications and specific discussions with the UK
Regulatory bodies concerning power station regulation

e Offering supporting material member companies on policy and
legislative developments.

e Current JEP Companies: RWE Generation UK, Drax Power Ltd, SSE, EDF

Energy, VPI Power Ltd, EPUKi, West Burton Power Generation and Uniper
UK




Summary of research needs

 Measurement of amines and their degradation products in flue gas

 Air Quality assessment - amine chemistry post emission = air quality
Impacts/dispersion modelling

» Measurement of emitted CO, mass release (post capture)

» Monitoring of geological storage (CO, security)
« Underwater acoustics?
* Reservoir modelling?
» Geological sequestration?
* Well head capping — materials — integrity etcetera?



Joint
Environmental
Measurement of amines in flue gas Paganne JEP

* Primary, secondary & tertiary amines (no. alkyl groups substituted in NH,)
« Absorption solutions: aqueous monoethanolamine and others
« Amine reaction products (nitrosamines, nitramines)
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« EA Technical Guidance Note M2:
« CEN TS 13649 for sampling (sorption tubes)
* NIOSH 2002 (aromatic) and NIOSH 2010 (aliphatic) (GC, FID) LOD ~ 0.1 mg/sample
« CEN TS 17337 (FTIR) LOD ~ 1 ppm

« Method development needed — types of amines (many species) — LOD — New
techniques — ambient monitoring ....
[Elliott M, Amine emissions from carbon capture, AQE October 2021]



- . . Joint
Air Quality Assessment E‘;Vi‘;i‘i‘;iifJEP

Air quality assessments for carbon capture plants need to consider all species which can potentially
Impact on human health or sensitive ecosystems

Need to consider direct emissions and atmospheric conversion processes — key species of concern are
amines, nitramines and nitrosamines

Assessments must be robust to provide assurance to the regulators and the public
There are uncertainties to be addressed in each stage of the assessment process:

Emissions Conversion Impacts

* Amine specific

* Reaction products

* Reaction rates

* Background concentrations
* Multi-amine chemistry

e Air / Water

* Environmental Assessment
Levels

Occupational Exposure Limits
Toxicity Studies

Chemical safety data sheets

* Pilot plant measurements
* Chemical modelling
* Vendor data




Air Quality Assessment

 The ADMS chemistry module is currently the only model endorsed by the Environment Agency for
assessment of capture plant emissions

Joint
Envitonmental
Programme

« Simplified chemical scheme to cover the key reactions controlling atmospheric concentrations.
* Need reaction rate data to populate the model for different amines.

» Data needs to be representative of the whole reaction step
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7/ Amine chemisiry

Amine/OH reaction rate constant

Amino radical /02 reaction rate constant
Rate constant for formation of nitrosamine
Rate constant for formation of nitramine
Amino radical/NO2 reaction rate constant
Branching ratio for amine/OH reaction
Ratio of Jinitrosamine) to JINO2)

Constant for OH concentration calculations
Atmospheric oxygen concentration

Creation of unstable nitrosamines
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Air Quality Assessment E“Sii‘;i’i‘;iiﬂJEP

Atmospheric Chemistry

« Schemes are well established for a few species — MEA, DEA

« A wide range of amines are in use in solvents, many solvents are multi-amine

« Reaction rate measurements — Bag experiments, measurement of specific reaction rates
« Techniques to estimate reaction rates based on chemical / structural similarities

Environmental Assessment Levels

 Literature Review

 Toxicity Assessments

« Technigues to estimate potential toxicity based on chemical / structural similarities

Capture projects are already going through planning and permit application processes requiring assessment
of air quality impacts, so this represents an urgent research requirement over the next 12 months.

Collaboration between vendors, operators, regulators and research teams is key to identifying and agreeing
the most important species for assessment.



Joint
Measurement of emitted CO, mass release (post capture) E“Sii‘;iTéiifJEP

« Currently assumed that emitted CO, is determined by difference:
Emitted CO, = ETS CO, (in) - Metered CO,, (out)
» For CCGT, emitted CO, is the small difference between two large numbers:
1 Nm3 Natural Gas (metered) > 37.4 MJ,, > 2.1 kg CO, = 1.07 Nm3 CO, [ETS 56.1 t-o,/TJ]
1.07 Nm3 CO, * 0.935 - 1 Nm?3 CO,, (metered) [93.5% capture efficiency so 0.07 Nm3 CO, emitted]

Assuming that metering conditions and meters are similar: Natural Gas = CO, volume .. uncertainty
contributions are comparable: U = \(Upg2 + Ugos?)

For example, assuming that both meters at 1% uncertainty and 1 Nm3 NG is metered:
U = V(Ups? + Uco,?) = ¥V (2% (0.01 * 1)2) = 0.0141 Nm3 NG = 0.0151 Nm3 CO,

Relative to metered quantity: U = (0.0151 Nm3/1.07 Nm?3) * 100% = 1.41%

Relative to emitted quantity: U = (0.0151 Nm?3/0.07 Nm3) * 100% = 21.57%



Joint
Sensitivity of emission uncertainty to capture efficiency E“Sii‘;iTiiifJEP

» Metering expanded uncertainty in the range 0.25% to 1.5%

» Carbon content expanded uncertainty 0.2%

« Assumes Natural Gas and CO, meter performance and metering conditions are identical
« Accounts for change in volume between Natural Gas and Exported CO,

Emitted CO, by difference
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- . Joint
Direct measurement challenges - concentration IJEP

« CO, concentration pre-capture: 3.4 %CO, @ 15 %0O,, dry
« CO, concentration post-capture: < 0.5 %CO, @ 15 %0,, dry or < 10 g/m3 (< 10,000 mg/m3)
« May need to take account of ambient air CO, concentration
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. . Joint
Direct measurement challenges — stack flow rate IJEP

« Direct measurement is difficult in large ducts (cf fuel metering)
» Cross-duct flow meters require calibration

« Measurement uncertainty is test method dependent

« May be better to correct the input flow (determined under ETS)
In Summary

« For natural gas fired power plants, the uncertainty of calculation of emitted CO, by difference is unlikely to
be sufficient for capture efficiencies greater than 90% and/or metering uncertainties higher than 0.5%

 Direct flue gas measurement approach is challenging due to low CO, concentration post-capture and the
low uncertainty target requiring:

« Good CO, measurement and test methods at low concentration
 Standards/guidance development for CO, measurement with low uncertainty
* Further consideration of background CO, in combustion air

« Stack flow calculation to low uncertainty (probably rely on calculation)

* Note that this preliminary study contains a number of approximations and assumptions that need to be
refined



