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Summary

This project represents Phase 3 of the R&D Project on Metrology for Post-Combustion
CCUS using Amine-based technologies (NPL REPORT CSSC 0001). Phase 3 builds on
the deliverables of Phase 1 (NPL REPORT 1613; NPL REPORT 2531) and Phase 2 (NPL
REPORT 3199; NPL REPORT 3244) and addresses gaps to existing knowledge that were
identified through the work carried out in the previous Phases. The deliverables have been

based on priorities identified by the Environment Agency.
The scope of Phase 3 covers three areas:

e Characterization and grouping of amines/nitrosamines based on their physico-
chemical characteristics.

e Capability review and gap analysis on analytical capability for breakdown products
(amines, nitrosamines) within Europe and the UK.

e Investigation on existing CEMS technology for ammonia measurements and

options for continuous isokinetic sampling.

These three areas were covered with three work packages (WP). The present document
compiles the report for WP3, including its specific scopes, results and conclusions. Each

WP report is presented in a separated document.
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1. Ammonia formation in Post

Combustion Capture Plants

Ammonia is one of the one of the key degradation products generated from amine-based
Post Combustion Capture (PCC) plants and is one of the key pollutants emitted from these
types of installations with potential health and environmental effects associated with it. It is
primarily formed as a result of oxidative degradation induced by oxygen which produces

oxidized fragments of the solvent (1,2).

The levels of ammonia emissions can vary and can depend on a lot of factors, such as
solvent degradation, Oz flue gas content (2), COz2 flue gas content, combined with high
temperatures in the solvent, water washes (3) and flue gas flow rate entering the absorber
(4). Copper, along with iron, are metals that are reported to significantly accelerate amine
oxidative degradation and produce higher ammonia levels (4, 5). Ammonia emissions can
vary and fluctuate anywhere between a few mg/m?3 to around 50-55 mg/m?3 (1,3,6,7,8) but
ammonia spikes have been measured at above 75 mg/m?3 (3,5) with one study (9) at two
small scale R&D pilot plants measuring spikes up to 380 mg/m3. Environmental permitting
emission limit values in the UK are between 1-23 mg/m3(10,11,12,13). Ammonia
emissions can also provide an indication of solvent degradation and stability (2,14) and

can be controlled to some extent by efficient solvent management (6).
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2. Assessment of Ammonia Continuous
Emissions Monitoring System
technologies for Post Combustion

Capture Plants

Continuous Emissions Monitoring Systems (CEMS) installed on PCC plant stacks would
allow efficient tracking of ammonia emissions. CEMS are permanently mounted on stacks,
they provide 24/7 continuous online measurements and are based on a number of different
spectroscopic technologies and designs. They are divided into two main categories,
extractive and in situ. Extractive systems continuously extract a sample from the flue gas
and deliver it through a sampling system into an analyser. Other variations do exist with less
or additional components, but the main principle remains the same. In situ systems on the
other hand are installed within the flue gas either at a single point (point monitors) or across

a length of the stack diameter (cross duct or path).

Extractive technology CEMS will have an associated sampling system which will either be
a “hot and wet” or “cold and dry” design. A third sampling option for CEMS are dilution
systems but these are not typically used in the UK and are more common in the US. Cold
and dry systems remove the extracted water vapour by either cooling the flue gas or by
using a permeation drier (more typical for water soluble compounds, such as ammonia) and
then proceed to deliver the sample gas to the analyser “cold”. Hot and wet sampling systems
on the other hand deliver the extracted gas to the analyser heated (usually at ~160-180°C)
and as a minimum above its dew point. This has the benefit of minimising any risk of losing
sample through contact with the condensed water vapour which is especially important for
highly reactive/water soluble compounds such as ammonia.
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Figure 1 shows a typical configuration of a hot and wet system.
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Figure 1. Diagram of a hot and wet system

The majority of MCERTS certified ammonia CEMS are extractive with hot and wet sampling
systems but some in situ or extractive cold and dry systems do exist. Table 1 lists all current
MCERTS certified ammonia CEMS with their associated certified ranges. Currently for large
combustion plants the certification ranges are required to be less than 2.5 times the Daily
Emission Limit Value of the plant (15). This would be mean that if the same approach is
taken for PCC plants there are not currently any available MCERTS certified ammonia
CEMS that can meet this requirement for ELV’s of 1 mg/m3and only one that can meet this
at 2 mg/m3(ABB ACF5000). At potential ELV'’s of 5mg/m?3the situation improves significantly
with more than half the available CEMS meeting the requirement. Typical cross interferents
associated with ammonia CEMS technologies are listed in Table 2 but, typically, the
interference effect has been measured during the certification process to be below 5% of
the certification range as per requirements of EN 15267 — 3 (16). The cross-interference
effect on CEMS from other degradation products, such as amines and nitrosamines are

currently unknown as these compounds are not typically included in cross interference
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checks during certification of these instruments. However, as amines can breakdown at high
temperatures and with ammonia being an intermediate breakdown product there is a risk
that at typical heated sampling system temperatures (~160-180°C), amines may breakdown
into ammonia and lead to a positive bias on the ammonia measured by the CEMS. It is
unknown whether the residence time of the gas spent in the sample system is long enough
for this breakdown to occur, however sampling lines can be as long as 100m or more
(depending on the height of the sampling platform where the CEMS probe has been installed
and the distance to the analyser) which result in increased residence times. At the same
time as discussed above it is crucial that the temperature remains above the dew point so
there is no ammonia sample loss. Further work is required to establish the extent of possible
degradation in heated sampling systems and a potentially more suitable heating
temperature where this degradation would be avoided but the gas would still remain above

its dew point.
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Table 1. MCERTS certified ammonia CEMS

. ipe Measurement Sampling MCERTS
lier N Model fied R
Supplier Name Bas SRR Sres Technology system Certificate
Gasmet Technologies - 0-9 mg/m3 Fourier-transform Extractive,
oy GT6000 Mobilis 0-500 mg/m? | infrared spectroscopy hot & wet |MC240424/01
CX4000
G t Technologies |[DX4000 & EN4000| 0-15 3 Fourier-t f Extractive,
asmet Technologies . mg/m3 . ourier-transform xtractive MC030014/13
oy Multi-gas 0-50 mg/m infrared spectroscopy hot & wet
Analyser
ACF5000 0-5me/m? Fourier-transform Extractive
ABB AG measuring system 0-15 mg/m? infrared spectrosco hot & wet’ MC160309/06
g3y 0-230 mg/m?3 P Py
ProCeas 0-15mg/m? | Optical feedback cavity lfxtrarzt;:j;e
AP2E 0-45 mg/m? enhanced absorption P . MC190347/03
LaserCEM 0-76 mg/m? spectrosco sampling,
& P Py hot &wet
Dr. Fédisch MCA 04 Multi 0-30 mg/m? Gas Filter Correlation Extractive
Umweltmesstechnik Component & 3 using infrared ’ {MC070115/03
0-75mg/m cool & dry
AG Analyser spectroscopy
Dr. Fédisch MCA 10 Multi 0-10 mg/m?3 Gas Filter Correlation .
. 3 L Extractive,
Umweltmesstechnik Component 0-50 mg/m using infrared 0ol & dr MC140256/07
AG Analyser 0-500 mg/m?3 spectroscopy ¥
MIR-FT Multi-gas | 0-15 mg/m3 Fourier-transform Extractive,
E MCO4 1/12
nvea analyser 0-50 mg/m?3 infrared spectroscopy hot & wet €040031/
. ) 3 . .
Opsis AB AR 602Z (UV) 0-10 mg/m Ultraviolet spectroscopy In situ MC020011/08
Fourier-transform Extractive
P L FIR -1 3 " IMC1 46/02
rotea Ltd atmos 0-10 mg/m infrared spectroscopy hot & wet €190346/0
- 3 ier-
SICK AG MCS 100 FT 0-10 mg/m3 ‘ Fourier-transform Hot&Wet MC100184/08
0-50 mg/m infrared spectroscopy Extractive
Gas Filter Correlation
MCS200HW 0-10 mg/m? L Hot & Wet
SICK AG frared MC190348/02
/MCS200HW Ex | 0 - 500 mg/m? using Intrare Extractive /
spectroscopy
.| 0to20 mg/m3 .
Siemens AG LDS fn/::“smef”'a 0'to 76 mg/m? abzs:i?;i‘:'oedc‘:r'gzz Insitu  |MC060088/10
¥ 0 to 380 mg/m? P P Py
3 .
NEO Monitors AS Laserc?‘as Il Oto 10 mg/m3 Tunaple diode laser In situ MC170328/01
Monitor 0to 15 mg/m? | absorption spectroscopy

Table 2. Typical cross interferents associated with ammonia CEMS technologies
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CEMS ammonia potential cross

interferents

Nitrogen Dioxide

Water Vapour

Hydrogen Chloride

Sulphur Dioxide

Hydrogen Fluoride

Nitrous Oxide

Nitrogen Monoxide

Carbon Monoxide

Methane

Total Organic Carbon

Carbon Dioxide

Formaldehyde

Another potential influence on CEMS performance is the flue gas conditions in amine-
based PCC exhausts which are unlike most other combustion exhausts. Stack gas
temperatures are in the range of around 35 — 100 °C which is significantly lower than
typical combustion flue gas temperatures. This means the gas is likely to be saturated as
the hot combustion gas is cooled below dew point. Additionally, there is the potential for
solvent and its degradation products including ammonia to be present in droplet form. This
can lead to super saturated conditions with large droplets suspended in a matrix of
saturated combustion gas (17). Ammonia is more likely to be in the gas phase or
entrained in droplets and due to its volatility, less likely to be found in aerosol form (6).

Fundamental principles on stack emissions measurements, specify isokinetic sampling
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whenever droplets are present within a flue gas (18, 19). This requires sampling at a flow
rate, such that the velocity and direction of the gas entering the sampling nozzle are the
same as the velocity and direction of the gas in the duct at the measurement point (19).
Under or over sampling will result in a non-representative result. Ammonia CEMS
technologies and sampling systems are not designed to allow isokinetic sampling.
Isokinetic sampling is most commonly utilised during periodic, manual extractive emissions

measurements.

The degree of the problem, however, is not fully known. Not enough studies have been
carried out, that have included medium to long term direct comparison of isokinetic
measurements and ammonia CEMS on PCC plants. NPL has had extensive discussions
with ammonia CEMS manufacturers, and due to PCC plants being an emerging
technology not yet well established, the issue has not been really considered up until now.
They acknowledge that this could be an issue but, in their view, could be addressed
through calibration of the CEMS through an extractive isokinetic method (we discuss the
potential issues with this approach in a later section of this report). The studies that have
been carried out so far, have been contradictory in as far as acknowledging the need for
isokinetic sampling in order to obtain a representative sample but at the same using real
time ammonia CEM technology without addressing the potential bias due to the presence
of droplets (7). Nevertheless, it should be noted that for the studies that have included
some form of comparison of ammonia isokinetic measurements against real time
techniques the differences in results are mostly within a typical measurement uncertainty
you would expect from these types of the measurements (uncertainty values for the tests
carried out are not specified in the studies) (7,3). Where larger differences did exist, it was
usually the “CEM” method that produced higher results (7). NPL field measurements
carried out on a PCC pilot plant also showed good correlation between ammonia isokinetic
and FTIR measurements although due to time constraints comparison tests were only
spread across two days. Table 3 summarises these results. Finally, in Mertens et al. (20),
in manual ammonia measurements carried out, the isokinetic and non-isokinetic conditions
were alternated (adjusted flow rate or not). According to the study this did not have an
effect on the ammonia concentration, but it is not clear from the study on how this was
established. Although some of these studies indicate that the problem may not be

significant, without long term studies comparing the two methods across all stages of
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solvent degradation it is difficult to establish the full effect of using non-isokinetic

techniques will have on obtaining representative ammonia samples.

Table 3 PCC Pilot Plant Field study isokinetic vs FTIR Ammonia Results

Test Designation Run One Run Two | Run Three | Run Four
Periodic Monitoring Result Isokinetic 5.6 6.5 9.7 12.9
Uncertainty 95% Confidence Interval 1.2 1.3 2.0 2.7
Periodic Monitoring Result FTIR 53 5.5 12.1 12.5
Uncertainty 95% Confidence Interval 0.8 0.8 1.1 1.1
Units mg/Nm?
Date of Monitoring dd/mm/yyyy 09/08/2023| 09/08/2023]21/08/2023|21/08/2023
Times of Monitoring From (hh:mm) 15:38 16:47 15:12 16:26
To (hh:mm) 16:34 17:43 16:10 17:25
Monitoring Method Isokinetic BS EN ISO 21877: 2019
Monitoring Method FTIR CEN TS 17337: 2019

On industrial process where CEMS are required for continuous tracking of emissions and
droplets do exist within the flue gas, the CEMS are calibrated via the QAL 2 process (21,
15). This calibration process consists of parallel measurements between the CEMS and
Standard Reference Method (which in this case due to the presence of the droplets is an
isokinetic manual extractive method) and a statistical analysis of the two sets of data
generated through the parallel testing, which results in a calibration function. The
calibration function is then checked for validity annually through the Annual Surveillance
Test process (further parallel testing/statistical analysis) and assuming its validity is
confirmed, the calibration procedure is repeated every five years. In amine-based PCC
exhausts due to the highly dynamic/reactive nature of the flue gas conditions and the
impact solvent degradation has, this calibration process may not be fit for purpose and any
calibration function generated may only be valid for weeks/months at a time depending on
the changes of the flue gas conditions and its components. To avoid a calibration schedule
for which it would be too difficult to determine a sufficient periodicity for, or that would be
very costly and impractical to repeat at a weekly/monthly rate, isokinetic sampling
technology that could be adapted to be used with ammonia CEMS could a be a potential

solution.
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As discussed CEMS technologies and sampling systems do not allow for isokinetic
sampling. However, some certified automated isokinetic samplers options do exist,
typically designed to measure dioxins and furans although some options for other
pollutants do exist (PCBs, PAHSs). It should be noted that the certification only covers the
isokinetic sampling part of the system and not the sample capture part. A similar system
for particulates also exists but this is available outside the European market (China), and
its isokinetic sampling part has not been assessed/certified under MCERTS. The
extraction of the sample for these systems is carried out isokinetically but beyond that the
gas is extracted in very similar manner to a CEMS through a heated sampling system until
the “capture” phase where the pollutant of interest is captured on a sample media (e.g.
filters, XAD traps, chemical reagents). The sample media is then periodically recovered
(usually 1 sample every 2 to 4 weeks) to be further analysed in a laboratory and replaced

with a new one. Table 4 lists currently available MCERTS certified systems

Table 4 MCERTS Automated isokinetic samplers

Certified
Supplier Isokinetic MCERTS
Name/Model Sampling Velocity Certificate
Range

CDL Tecora DECS 2-35m/s MC180344/03
ENVEA 1.1-30 m/s MC120194/02
Gasmet Tgihmwg'es 220 /s MC050065/16
Opsis AB 2-30 m/s MC220406/00
TCRTecora SRL decs 2-30 m/s MC240431/00

Adapting or using an existing side-stream line on these types of sampling systems in order
to attach an ammonia CEMS could potentially be a viable option to achieve continuous
ammonia isokinetic sampling on PCC plants. This type of configuration is sometimes used
in manual extractive sampling when the sampling absorbers require lower flow rates than
the ones required to achieve isokinetic sampling, so they are set up off a side stream
secondary line under a lower flow rate. We propose the same approach for continuous
ammonia measurements whereby the main line in the system extracts the gas

isokinetically and captures the dioxins (or any other pollutant system was designed for)
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and an ammonia CEM is attached to a side stream secondary line which will have its own
pumping system. The measurement of the flow in the main line can be measured either by
an orifice plate or any other appropriate device, placed before the split of the two lines.
Figure 2 shows an example configuration of the proposed system. NPL has had
discussions with one supplier of semi- continuous isokinetic sampling systems, and the
response was very positive in regard to the functionality of such a system and on whether
it would deliver representative sampling for both the pollutant it was designed for but also
for ammonia. Further design and experimental work would be required to validate this
approach, potentially carrying out measurements in parallel with an ammonia manual

extractive system on a PCC plant.

[
Q)
O

Probe Heated line I

Stack

Automated
isokinetic
sampler

~ N Ammonia
gas
) analyser
Heated line

L

O O

Figure 2. Isokinetic sampling with side stream ammonia measurement system
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3. Conclusion

Ammonia emission in PCC plants can be variable but significant depending on a number
of factors, such as solvent degradation, flue gas content, temperature and flow rate.
Ammonia CEMS could be a valuable tool in not only measuring ammonia emissions but in
also providing some indication of solvent degradation. Currently, there are no MCERTS-
certified ammonia CEMS capable of meeting an ELV 1 mg/m?3, and only one system can
comply at 2 mg/m?3. At 5 mg/m?3, the outlook improves significantly, with over half of the
available CEMS being compliant with the certification range multiplier rule. However, the
potential presence of droplets in PCC flue gas streams and the lack of isokinetic sampling
technology for ammonia CEMS may lead to measurement bias. The extent of the problem
is not fully known, and some studies carried out have shown good correlation between
manual isokinetic sampling measurements and continuous CEMS type instrument
measurement, but this still needs to be proved for different PPC plants designs and
operational conditions. Longer term studies comparing the two methods across all stages
of solvent degradation are required to establish what the full effect of using non-isokinetic

techniques will be on obtaining representative ammonia samples.

Assuming the issue is confirmed to be significant enough, automated isokinetic sampling
systems technology coupled with ammonia CEMS off a side-stream line could be a
potential option that will allow continuous ammonia isokinetic sampling to be carried out.
Further design and experimental validation would be required on this approach, which
could be carried out as a further phase of this project, with support from instrument

manufacturers.
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