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Our role

- AQMAU m

Air Quality Modelling and Assessment Unit

We audit complex models submitted by applicants as part of their
permit applications. We focus on risk.

« We evaluate predictions, methodology and assumptions
to ensure that:

Applicant’s conclusion can be used for decision making
Industry operate at Best Available Technique (BAT)

The facility does not contribute to an exceedance of any
Environmental Standard (ES) set for the protection of people and
ecological sites
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Our role

We ensure that applicant’s
assumptions, predictions and
conclusions about risk are
robust, reasonable and

based on sound science.

We provide evidence- Robust air quality
based technical advice in assessments and
the regulation to avoid modelling methodology
detrimental impacts to air lead to more efficient
quality, mitigate public permit determinations and
concern and protect reliable regulation.
nature.
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Summary of the amines module

Inputs Inputs
Pathway Source
Transport, dispersion and transformation Pollutant emissions
of compounds = Amines
_ _ s = Nitrosamines
Atmospheric reactions (simplified): = NOy
= Amines - Nitrosamines, Nitramines, = Others

others
= Nijtrosamines = Nitrosamines,
Nitramines, others
= NO photochemical reactions

Outputs

Receptors

Process Contributions

= Amines

= Nitrosamines

= Nitramines i.e. “contribution from the facility” to compare against the

= NO, Environmental Assessment Levels (EALSs)/Environmental Standards
(ES) set for the protection of human health
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Summary of the amines module

Summary of the key input information

Scope for regulation
Uncertainty should be
limited

Atmospheric degradation
chemistry

Uncertainty depends on the
species (can be very high)

Background concentrations
Uncertainty depends on
data availability

Description Potential source of
information
Mass emission rates for each pollutant (g/s) Applicant
+  Amines, nitrosamines, nitramines and NOx
Species molecular weight (g/mol) Applicant
Ratio of NOx to NO: at the stack (dimensionless) Applicant

Amine-specific atmospheric reactions rate constants (/ppbv/s):

+ k1a- Amine/OH reaction rate constant (/ppbv/s)

*» K2 - Amino radical/Oz reaction rate constant (/ppbv/s)

+ k3 - Rate constant for the formation of nitrosamines
(/ppbv/s)
k4a - Rate constant for formation of nitramine (/ppbwv/s)
k4 - Amino radical/NOz reaction rate constant (/ppbv/s)
i.e. kda + Kdb

Published research

Anime-specific branching ratio for amine/OH reaction
(dimensionless)

Published research

Amine-specific ratio of photolysis rates between nitrosamine and
NO: (dimensionless)

Published research

OH annual average concentration (ppbv)

Ambient air
measurements or
published research

Hourly ambient background concentration values for NOx, NOz
and Oz (ug/m?)

Ambient air
measurements

Hitramine

MO,
e

-OH MO

Summary of the atmospheric [Amine || Amino Y Nurosamine |

chemistry scheme
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Summary of the amines module

Highlights

1.

The model is based on first principles considering published research
(Nielsen et al. 2010) on the most predominant mechanisms of formation of
toxic pollutants.

The only commercially available model to assess impacts on air quality from
releases of amines and degradation products.

Steady-state assumption

Some of the inputs to the model are highly uncertain
Kinetic parameters
Pollutant emissions

ADMS algorithms are extensively validated but the amines module is not
Validation rely on availability of ambient air measurements

O We advice careful consideration to uncertainties and sensitivity analysis.
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Main challenges for regulatory
decision-making

Modelling

1. Limited versatility: Only one amine or nitrosamine in a single model run

« Testing sensitivity to the various potential kinetic parameters for each amine can be impractical,
increasing the complexity of evaluating uncertainty and decisions about the risk.

2. No alternative model or risk-assessment tool

» The non-steady state assumption was investigated for the Mongstad pilot plant (DNV 2012),
indicating that amine degradation compounds achieve their full yield very quickly relative to the
time scale for dispersion. Thus, the ADMS module may lead to a potential overestimation of
pollutant concentrations.

Other factors

1. (Lack of) confidence on emissions

« Uncertain mix of emissions, proprietary solvents, amine degradation products, benchmark
emission values/Emission Limit Values (ELVs), stacks monitoring methods, etc.

2. Environmental Assessment Levels (EALs), ambient air measurements and
module validation
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Proposed solutions to aid regulatory
decisions

Modelling

1. Improve the ADMS amines module to consider a mix of directly-emitted
amines and/or nitrosamines
« Steer from industry on the most likely releases

2. Develop an alternative modelling tool
» Potential to evaluate the non-steady state aspects

Others

1. Develop sound risk-based approaches/step-by-step methodology/guidance
« E.g. To establish when detailed modelling is needed, etc.

2. Establish robust measurements methods
« Stacks monitoring: Emission Limit Values + Compliance
« Ambient measurements: Model validation exercises + Confidence about the risk
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Thank you
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