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Glossary

Air pollution: means any change in the composition of the air caused by smoke, soot, dust (including fly ash),
cinders, solid particles of any kind, gases, fumes, aerosols and odorous substances.

Atmospheric emission: means any emission or entrainment process emanating from a point, non-point or mobile
sources that result in air pollution.

Averaging period: This implies a period of time over which an average value is determined.

Dust: Solid materials suspended in the atmosphere in the form of small irregular particles, many of which are
microscopic in size.

Frequency of Exceedance: A frequency (number/time) related to a limit value representing the tolerated
exceedance of that limit value, i.e. if exceedances of limit value are within the tolerances, then there is still
compliance with the standard.

Particulate Matter (PM): These comprise a mixture of organic and inorganic substances, ranging in size and
shape and can be divided into coarse and fine particulate matter. The former is called Total Suspended Particulates
(TSP), whilst PM1oand PMysfall in the finer fraction referred to as Inhalable particulate matter.

TSP: Total suspended particulates refer to all airborne particles and may have particle sizes as large as 150 um,
depending on the ability of the air to carry such particles. Generally, suspended particles larger than 75 to 100
micrometre (um) do not travel far and deposit close to the source of emission.

PMo: Thoracic particulate matter is that fraction of inhalable coarse particulate matter that can penetrate the head
airways and enter the airways of the lung. PM1o consists of particles with a mean aerodynamic diameter of 10 um
or smaller, and deposit efficiently along the airways. Particles larger than a mean size of 10 um are generally not
inhalable into the lungs. These PMq particles are typically found near roadways and dusty industries.

PM.s: Respirable particulate fraction is that fraction of inhaled airborne particles that can penetrate beyond the
terminal bronchioles into the gas-exchange region of the lungs. Also known as fine particulate matter, it consists
of particles with a mean aerodynamic diameter equal to or less than 2.5 um (PM. ) that can be inhaled deeply into
the lungs. These particles can be directly emitted from sources such as forest fires, or they can form when gases
emitted from power plants, industries and automobiles react in the air.

Point sources: are discrete, stationary, identifiable sources of emissions that release pollutants to the atmosphere
(International Finance Corporation (IFC), 2007).

Vehicle entrainment: This is the lifting and dropping of particles by the rolling wheels leaving the road surface
exposed to strong air current in turbulent shear with the surface. The turbulent wake behind the vehicle continues
to act on the road surface after the vehicle has passed.
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Executive Summary

Cleanergy Solutions Namibia Pty Ltd is intending on becoming a driving force in the growth of the Namibia's
hydrogen economy, while contributing to the global shift for industrial decarbonisation. To this end, Cleanergy
Solutions intends to use the abundant sun to produce hydrogen and then combine the hydrogen with nitrogen to
produce ammonia for exportation purposes. The proposed activities consist of a hydrogen pipeline starting near
Arandis to the ammonia facility on Farm 58, close to Walvis Bay. Three routes have been proposed. From the
ammonia facility, ammonia is transported to an ammonia tank located north of Walvis Bay. From this ammonia
storage tank, ammonia will be exported via a ship.

Separate environmental authorizations have been applied for the hydrogen pipeline and the ammonia plant and
pipeline. This assessment focuses on the ammonia terminal and its associated impacts.

Airshed Planning Professionals (Pty) Ltd was commissioned by Environmental Compliance Consultancy (Pty) Ltd
(ECC) to undertake an Air Quality Impact Assessment for the proposed ammonia terminal (hereafter referred to
as the project).

The main objective of the investigation was to quantify the potential air quality impacts resulting from the project
activities on the surrounding environment and human health. As part of the air quality assessment, a good
understanding of the regional climate and local dispersion potential of the site is necessary and subsequently an
understanding of existing sources of air pollution in the region and the project resulting in air quality related impacts.

The scope of work (SoW) included the review of technical information and legislative context relevant to Namibia.
A baseline assessment was required to get an understanding of the receiving environment, looking at existing
sources of air pollution and the status of air quality within the region, as well as sensitive receptors in the form of
human settlements. Modelled meteorological data for a three-year period (2021 to 2023) was used to determine
the dispersion potential of the site, which influences the spreading and removal of air pollution. To determine the
potential impacts from the project, an emissions inventory had to be established accounting for all sources of air
pollution associated with the construction activities. Emissions were based on the process description and
equipment list provided. The AERMOD dispersion model was used to simulate the expected impacts from these
emission sources, with the simulated ground level concentrations and dustfall rates screened against the
applicable air quality objectives (AQOs) to determine the significance of the proposed project on the receiving
environment. Once the significance of these impacts has been established, mitigation measures can be defined to
ensure reduced impacts from these activities.

Baseline Assessment

The main findings from the baseline assessment can be summarised as follows:
e The main baseline sources (i.e. non ammonia terminal construction sources) likely to contribute to
cumulative particulate impact are vehicle entrainment on unpaved road surfaces, and wind erosion of
open areas.
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o The closest potential air quality sensitive receptors (AQSR) to the project is the residential area of Walvis
Bay.

e Measured daily thoracic particulate matter of 10 um diameter (PM+1o) concentrations in the vicinity of the
project (Site 1) was 25.5 ug/m?® and daily inhalable particulate matter of 2.5 um in diameter (PM2s)
concentrations was 5.2 pug/m2. This is based on a single grab sample taken in July 2024.

o The main pollutant of concern in the region is particulate matter (PM) (including total suspended
particulates (TSP); PMio and PM, ) resulting from vehicle entrainment on the roads (paved, unpaved and
treated surfaces), windblown dust and mining activities. Gaseous pollutants such as sulfur dioxide (SO»),
oxides of nitrogen (NOy), carbon monoxide (CO) and carbon dioxide (CO-) would result from vehicles and
combustion sources, but these are expected to be at low concentrations due to the few sources near the
project.

Impact Assessment

The findings from the impact assessment can be summarised as follows:
e  Construction:

o Simulated highest daily and annual average PM25 ground level concentrations were within AQO
at all off-site AQSR within the study area.

o Simulated highest daily PM+o ground level concentrations exceeded AQO at Walvis Bay to the
southwest of the project site. This conservatively assumes that construction would occur over
the entire project site and that it would take place 24 hours per day.

o Daily dust deposition is within the AQO at all off-site AQSR within the study area.

e  Operation:

o Simulated ammonia (NHs) ground level concentrations due to project operations does not

exceed AQO at any off-site AQSR within the study area.

Conclusion
Given that the NH; concentrations due to project operations are well below AQO and that PM emissions due to

construction activities could be minimised to meet AQO at AQSR with effective air quality management measures
in place, it is the specialist's opinion that the project be authorised.
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1 INTRODUCTION

Cleanergy Solutions Namibia Pty Ltd is intending on becoming a driving force in the growth of the Namibia’s
hydrogen economy, while contributing to the global shift for industrial decarbonisation. To this end, Cleanergy
Solutions intends to use the abundant sun to produce hydrogen and then combine the hydrogen with nitrogen to
produce ammonia for exportation purposes. The proposed activities consist of a hydrogen pipeline starting near
Arandis to the ammonia facility on Farm 58, close to Walvis Bay. Three routes have been proposed, as indicated
in Figure 1-1. From the ammonia facility, ammonia is transported to an ammonia tank located north of Walvis Bay.
From this ammonia storage tank, ammonia will be exported via a ship.

Separate environmental authorizations have been applied for the hydrogen pipeline and the ammonia plant and
pipeline. This assessment focuses on the ammonia terminal and its associated impacts.

Airshed Planning Professionals (Pty) Ltd was commissioned by Environmental Compliance Consultancy (Pty) Ltd
(ECC) to undertake an Air Quality Impact Assessment (AQIA) for the proposed ammonia terminal (hereafter
referred to as the project).

1.1 Purpose/Objective

The main objective of the investigation is to quantify the potential impacts resulting due the project construction
and operational activities on the surrounding environment and human health. As part of the air quality assessment,
a good understanding of the regional climate and local dispersion potential of the site is necessary and
subsequently an understanding of existing sources of air pollution in the region.
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Figure 1-1: The proposed ammonia plant, ammonia terminal, and ammonia and hydrogen pipelines
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1.2 Terms of Reference/ Scope of Work

The baseline assessment includes a study of the receiving environment by referring to:

A study of legal requirements pertaining to air quality — applicable international legal guidelines and limits

and dust control regulations.

O

@)

O

O

O

O

Desktop review of all available information for the project and associated data.

A baseline assessment, including:

A study of atmospheric dispersion potential by referring to available on-site weather records for
a period of at least one year (required for dispersion modelling) or modelled weather data where
on-site data is not available.

Identification of existing air pollution sources.

Identification of air quality sensitive receptors (AQSR), including any nearby residential dwellings
in the vicinity of the project.

Any freely available ambient air quality data.

An impact assessment, including:

Identify all current sources of air pollution in the area.

The compilation of a comprehensive emissions inventory including the identification and
quantification of all emissions associated with the project.

Atmospheric dispersion modelling to simulate ambient air pollutant concentrations and dustfall
rates from the project activities.

The screening of simulated ambient pollutant concentration levels and dust fallout against
ambient air quality guidelines and standards.

Assessment of the potential air quality impacts on human health and the environment.

The identification and recommendation of suitable mitigation measures.

The preparation of a comprehensive specialist AQIA report.

1.3  Deliverables

At the core of the study is the provision of a mathematical tool (i.e., the dispersion model) that credibly describes
the fluxes and dispersion of air emissions from the project through the incorporation of meteorological and emission
configuration complexities. The final deliverables are simulated ground level air concentrations and total dust
deposition rates provided as isopleth plots.

1.4  Specialist Details
1.4.1  Statement of Independence

Airshed is an independent consulting firm with no interest in the project other than to fulfil the contract between the
client and the consultant for delivery of specialised services as stipulated in the terms of reference.
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1.4.2  Competency Profiles: RG von Gruenewaldt (MSc (Meteorology), BSc, Pr. Sci Nat.)

Reneé von Gruenewaldt is a Registered Professional Natural Scientist (Registration Number 400304/07) with the
South African Council for Natural Scientific Professions (SACNASP) and a member of the National Association for
Clean Air (NACA).

Following the completion of her bachelor’s degree in atmospheric sciences in 2000 and honours degree (with
distinction) with specialisation in Environmental Analysis and Management in 2001 at the University of Pretoria,
her experience in air pollution started when she joined Environmental Management Services (now Airshed
Planning Professionals) in 2002. Reneé von Gruenewaldt later completed her master’s degree (with distinction) in
Meteorology at the University of Pretoria in 2009.

Reneé von Gruenewaldt became partner of Airshed Planning Professionals in September 2006. Airshed Planning
Professionals is a technical and scientific consultancy providing scientific, engineering and strategic air pollution
impact assessment and management services and policy support to assist clients in addressing a wide variety of
air pollution related risks and air quality management challenges.

She has extensive experience on the various components of air quality management including emissions
quantification for a range of source types, simulations using a range of dispersion models, impacts assessment
and health risk screening assessments. Reneé has been the principal air quality specialist and manager on several
Air Quality Impact Assessments and Environmental Noise Impact Assessments between 2006 to present and her
project experience range over various countries in Africa, providing her with an inclusive knowledge base of
international legislation and requirements pertaining to air quality.

A comprehensive curriculum vitae of Reneé von Gruenewaldt is provided in Appendix A. The declaration of
independence for Reneé von Gruenewaldt is provided in Appendix B.

1.5 Assessment Approach and Methodology

The approach to, and methodology followed in the completion of tasks as part of the scope of work, are provided
in Table 1-1.

An information requirements list was sent to ECC at the onset of the AQIA. In response to the request, the following
information was supplied:

o Layout maps;

e Process description;

o List of equipment for operations; and,

e Source emission rates for operations.
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Table 1-1: Assessment Approach and Methodology

Task

Legal
Review

Baseline
Assessment

Impact
Assessment

Activity

A study of legal requirements pertaining to air quality in
Namibia —ambient air quality standards and guidelines;
dust control regulations and emission limits and guidelines.

Physical environmental parameters that influence the
dispersion of pollutants in the atmosphere include:

¢ land cover, and

e meteorology.

Ambient air quality for the study area

Identification of existing air pollution sources.

Identification of AQSR, including any nearby residential
dwellings.

The compilation of an emissions inventory incl. the
identification and quantification of all emissions associated
with the project activities.

Atmospheric dispersion simulations of all pollutants for
project activities.

Description

Namibian Atmospheric Pollution Prevention Ordinance (No. 11 of 1976)
International air quality criteria referenced, include:
e World Health Organisation;
World Bank Group;
International Finance Corporation; and
South Africa air quality legislation.

Modelled meteorological data for the period 2021 to 2023 was used for the assessment.

Measured ambient air quality data for the area.

Likely sources of potential air quality pollution include, but are not limited to, windblown dust
and vehicle emissions.

A map of all the potential air quality sensitive receptors is provided.

Pollutants quantified are limited to particulate matter and ammonia. Use is made of process
descriptions and layout maps to quantify activity emissions through the application of
emissions factors and emission equations as published by the United States Environmental
Protection Agency (US EPA) and Australian National Pollutant Inventory.

Use was made of US EPA AERMOD atmospheric dispersion modelling suite.

Report
Section

Section 2

Section 3.2

Section 3.3
Section 3.4

Section 3.1

Section 4.1

Section 4.2
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Task Activity

Dispersion modelling results and compliance evaluation.

Air quality impact assessment

The identification of air quality management measures
based on the findings of the compliance and impact
assessment.

Description

Compliance is assessed by comparing modelled ambient concentrations and dustfall rates
to the relevant national and international ambient air quality standards and dustfall
regulations.

The impact significance is evaluated against the adopted Air Quality Objectives.

Practical mitigation and optimisation measures that can be implemented effectively to
reduce the significance of impacts were identified.

Report
Section

Section 4.3

Section 4.3

Section 5
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1.6 Assumptions, Exclusions and Limitations

The main assumptions, exclusions and limitations are summarised below:

o Meteorological and Ambient Data:

O

Modelled meteorological data for a point just north of Walvis Bay for the period 2021 to 2023
was used for the assessment.

Ambient measured particulate matter (PM) for the area was a single grab sample over a day.
These ambient concentrations will provide an indication of the baseline levels but cannot be
used to determine cumulative impacts as variability in concentrations have not been taken
into account.

e Emissions:

@)

The quantification of sources of emission was restricted to the project activities only. Although
other background sources were identified, these could not be quantified and did not form part of
the scope of work.

Emissions were based on the process description of the project construction and operational
activities.

e Impact Assessment:

O

Impacts due to the construction and operational phase were assessed quantitatively. Impacts
due to closure of the project will be similar to construction activities.

The impact assessment was limited to airborne particulate (including total suspended
particulates (TSP), thoracic particulate matter of less than 10 um in diameter (PM1) and
inhalable particulate matter of less than 2.5 um in diameter (PM2s)) and gaseous emissions
(including ammonia (NHs)).

Construction activities were conservatively assumed to be for 24 hours per day and over the
entire project site.

Vehicle tailpipe emissions due to construction activities were not quantified as the list of
equipment for this phase was not available. The impacts due to vehicle tailpipe emissions,
however, are likely to be localised and not expected to exceed screening criteria at sensitive
receptors off-site.

Dust deposition rates were calculated using the estimated TSP concentrations and a deposition
velocity of 3.62 cm/s as reported by Zhu et al (2016) for dry daytime conditions. It should be
noted that this referenced deposition velocity is for PM1o. It is thus assumed that the PM1o
deposition velocity is an average and that larger particles would fall out faster and finer particles
would take longer to fallout.

There will always be some degree of uncertainty in any geophysical model, but it is desirable

to structure the model in such a way to minimize the total error. A model represents the most
likely outcome of an ensemble of experimental results. The total uncertainty can be thought

of as the sum of three components: the uncertainty due to errors in the model physics; the
uncertainty due to data errors; and the uncertainty due to stochastic processes (turbulence)

in the atmosphere. Nevertheless, dispersion modelling is generally accepted as a necessary
and valuable tool in air quality management.
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2 LEGAL OVERVIEW

Air quality guidelines and standards are fundamental to effective air quality management, providing the link
between the source of atmospheric emissions and the user of that air at the downstream receptor site. Air quality
guidelines and standards are based on benchmark concentrations that normally indicate safe daily exposure levels
for the majority of the population, including the very young and the elderly, throughout an individual's lifetime.
Benchmark concentrations could therefore be based on health effects, such as sulfur dioxide (SO.) or carcinogenic
consequences, such as benzene.

Air quality guidelines and standards are normally given for specific averaging or exposure periods and are
evaluated as the observed air concentration expressed as a fraction of a benchmark concentration. A standard, as
opposed to a benchmark concentration only, is a set of instructions which include a limit value and may contain a
set of conditions to meet this limit value. Standards are normally associated with a legal requirement as
implemented by the country’s relevant authority; however, organisations such as the World Bank Group (WBG)
International Finance Corporation (IFC) and private companies also issue standards for internal compliance. The
benchmark concentrations issued by the World Health Organisation (WHO), on the other hand, are not standards,
but rather guidelines that may be considered for use as limit values in standards.

A common condition included in a standard is the allowable frequency of exceedances of the limit value. The
frequency of exceedances recognises the potential for unexpected meteorological conditions coupled with
emission variations that may result in outlier air concentrations and would normally be based on a percentile,
typically the 99t percentile.

Standards are normally issued for criteria pollutants, i.e., those most commonly emitted by industry including SO,
nitrogen dioxide (NO2), carbon monoxide (CO), PMyo, and PM. s, but may also include secondary pollutants such
as ozone (Os). Some countries include other pollutants, specifically when these are considered to be problematic
emissions.

In addition to ambient air quality standards or guidelines, emission limits aim to control the amount of pollution from
a point source'. Emissions to air should be avoided or controlled according to Good International Industry Practice
(GIIP) applicable to the specific industry sector (IFC, 2007a).

Namibia does not have air quality guidelines or limits, and reference is usually made to international ambient air
quality guidelines and standards. The WHO is widely referenced, as well as countries in the region who have air
quality standards. As part of the Air Quality Management Plan (AQMP) developed for the Strategic Environmental
Management Plan (SEMP) update, ambient guidelines for PM1o and PM2s were determined to provide the
necessary performance indicators for mines and industries within the Erongo Region.

' Point sources are discrete, stationary, identifiable sources of emissions that release pollutants to the atmosphere (IFC, 2007).
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21 Namibian Legislation

The Atmospheric Pollution Prevention Ordinance (No. 11 of 1976) deals with the following:

Partl Appointment and powers of officers;

PartIl Control of noxious or offensive gases;

Partlll : Atmospheric pollution by smoke;

PartIV : Dust control;

PartV Pollution of the atmosphere by gases emitted by vehicles;
Part IV : General provisions; and

Schedule 2: Scheduled processes.

The Ordinance does not include any ambient air standards with which to comply, but opacity guidelines for smoke
are provided under Part Ill. It is implied that the Director? provides air quality guidelines for consideration during
the issuing of Registration Certificates, where Registration Certificates may be issued for “Scheduled Processes”
which are processes resulting in noxious or offensive gases and typically pertain to point source emissions. To our
knowledge no Registration Certificates have been issued in Namibia. However, an Environmental Clearance
Certificate is required for any activity entailing a scheduled process as referred to in the Atmospheric Pollution
Prevention Ordinance, 1976.

Also, the Ordinance defines a range of pollutants as noxious and offensive gases, but no ambient air quality
guidelines or standards or emission limits are provided for Namibia.

Part Il of the Ordinance pertains to the regulation of noxious or offensive gases. The Executive Committee may
declare any area a controlled area for the purpose of this Ordinance by notice in the Official Gazette. Any scheduled
process carried out in a controlled area must have a current registration certificate authorising that person to carry
on that process in or on that premises.

The published Public and Environmental Health Act 1 of 2015 provides “a framework for a structured uniform public
and environmental health system in Namibia; and to provide for incidental matters”. The act identifies health
nuisances, such as chimneys sending out smoke in quantities that can be offensive, injurious, or dangerous to
health and liable to be dealt with.

2.2 International Criteria

Typically, when no local ambient air quality criteria exist, or are in the process of being developed, international
criteria are referenced. This serves to provide an indication of the severity of the potential impacts from proposed
activities. The most widely referenced international air quality criteria are those published by the WBG, the WHO,
and the European Community (EC). The South African (SA) National Ambient Air Quality Standards (NAAQS) are
also referenced since it is regarded representative indicators for Namibia due to the similar environmental and
socio-economic characteristics between the two countries.

2 Director means the Director of Health Services of the Administration, and, where applicable, includes any person who, in terms of any
authority granted to him under section 2(2) or (3) of the Ordinance.
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2.2.1  WHO Air Quality Guidelines

Air Quality Guidelines (AQG) were published by the WHO in 1987 and revised in 1997. Since the completion of
the second edition of the AQG for Europe, which included new research from low-and middle-income countries
where air pollution levels are at their highest, the WHO has undertaken to review the accumulated scientific
evidence and to consider its implications for its AQG. The result of this work is documented in ‘Air Quality
Guidelines — Global Update 2005’ in the form of revised guideline values for selected criteria air pollutants, which
are applicable across all WHO regions (WHO, 2005). The ITs and WHO AQG have been updated recently (WHO,
2021) following a much stronger body of evidence to show how air pollution affects different aspects of health at
even lower concentrations than previously understood.

Given that air pollution levels in developing countries frequently far exceed the recommended WHO AQG, interim
target (IT) levels were included in the updates. These are more lenient than the WHO AQG with the purpose to
promote steady progress towards meeting the WHO AQG (WHO, 2005) (WHO, 2021). There are two to four interim
targets depending on the pollutant, starting at WHO interim target-1 (IT-1) as the most lenient and IT-3 or IT-4 as
more stringent targets before reaching the AQG. The 24-hour SA NAAQS are, for instance, in line with IT-1 for
S0 and IT-3 for PM1g and IT-4 for PMys. It should be noted that the WHO permits a frequency of exceedance of
1% per year (3 to 4 days per year) for 24-hour average PMo and PM2s concentrations. These are provided in
Table 2-1 for pollutants considered in this study.

2.2.2  SA National Ambient Air Quality Standards

NAAQS for SA were determined based on international best practice for SO2, NO2, PM2s, PM1o, O3, CO, lead (Pb)
and benzene. These standards were published in the Government Gazette on 24 of December 2009 and included
a margin of tolerance (i.e. frequency of exceedance) and with implementation timelines linked to it. SA NAAQS for
PM. s were published on 29 July 2012. As mentioned previously, SA NAAQS closely follow WHO interim targets,
which are targets for developing countries, for PMas, PM1g and SO, The SA NAAQS for ambient NO;
concentrations is equivalent to the WHO AQG. SA NAAQS referred to in this study are also given in Table 2-1.

Table 2-1: International assessment criteria for criteria pollutants

Pollutant Averaging Period WHO Guideline Value South Africa NAAQS
(Mg/m’) (i) (Mg/m’)
Carbon monoxide (CO) 24-hour 7000(IT 1)
4000 (AQ level)
1-hour 30 000
Sulfur Dioxide (SO2) 1-year - 50
24-hour 125 (IT1) 125 (b)
50 (IT2) (a)
40 (AQ level)
1-hour - 350 (c)
10-minute - 500 (d)
Nitrogen Dioxide (NO2) 1-year 40 (IT1) 40
30(IT2)
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Pollutant

Particulate Matter (PM10)

Particulate Matter (PM2.)

Notes:

Averaging Period

24-hour

1-hour
1-year

24-hour

1-year

24-hour

WHO Guideline Value
(ng/m?) (i)
20 (IT3)
10 (AQ level)
120 (IT1)
50 (IT2)
25 (AQ level)

15(AQ level)
150 (IT1)
100 (IT2)
75(IT3)

50 (IT4)

45 (AQ level)
35(IT1)
25(IT2)

15 (IT3)

10 (IT4)

5 (AQ level)
75 (IT1)

50 (IT2)
37.5(IT3)

25 (IT4)

15 (AQ level)

South Africa NAAQS
(Hg/m?)

75 (e)

25 ()

20 (9)
15 (h)

65 (f)

40(9)
25 (h)

(@) Intermediate goal based on controlling motor vehicle emissions; industrial emissions and/or emissions from power production.
This would be a reasonable and feasible goal to be achieved within a few years for some developing countries and lead to
significant health improvement.

o
—_———

=

NS~ s~~~

=

2.2.3  Dustfall Limits

Air quality standards are not defined by all countries for dust deposition, although some countries may make
reference to annual average dust fall thresholds above which a 'loss of amenity' may occur. In the southern African
context, widespread dust deposition impacts occur as a result of windblown dust from mining operations, other

4 permissible frequencies of exceedance per year
88 permissible frequencies of exceedance per year
526 permissible frequencies of exceedance per year
Applicable from 1 January 2015.

Applicable immediately to 31 December 2015.
Applicable 1 January 2016 to 31 December 2029.
Applicable 1 January 2030.

WHO (2021) for 24-hour averages 99" percentile (i.e., 3-4 exceedance days per year).

fugitive dust sources and natural sources.

South Africa has published the National Dust Control Regulations (NDCR) on the 1st of November 2013
(Government Gazette (GG) 36974) with an updated NDCR gazetted on 8 March 2024 (GG 50272). The purpose
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of the regulations is to prescribe general measures for the control of dust in all areas including residential and non-
residential areas. Similarly, Botswana published dust deposition evaluation criteria (BOS 498:2013). According to
these limits, an enterprise may submit a request to the authorities to operate within the Band 3 (action band) for a
limited period, providing that this is essential in terms of the practical operation of the enterprise and provided that
the best available control technology is applied for the duration. No margin of tolerance will be granted for
operations that result in dustfall rates in the Band 4 (alert band). This four-band scale is presented in Table 2-2.

Table 2-2: Bands of dustfall rates

Band Band 30 Day Average Dustfall Comment
Number Description Rate (mg/m2-day)
1 Residential Dustfall rate <600 Permissible for residential and light commercial
2 Industrial 600 < Dustfall rate <1200 = Permissible for heavy commercial and industrial
3 1200 < Dustfall rate <2400 = Requires investigation and remediation if two
Action sequential months lie in this band, or more than three
occur in a year.
4 2 400 < Dustfall rate Immediate action and remediation required following
Alert the first exceedance. Incident report to be submitted

to relevant authority.

2.2.4  Inhalation Health Criteria for Ammonia

The potential for health impacts associated with the non-criteria pollutant of ammonia emitted from the operations
are assessed according to the reference concentrations for inhalation exposure published by the United States
Environmental Protection Agency Provisional Peer-Reviewed Toxicity Value (PPRTV), the United States
Environmental Protection Agency’s Integrated Risk Information System (IRIS), and the minimal risk levels (MRLS)
published by the Agency for Toxic Substances and Disease Registry (ATSDR). Inhalation criteria for ammonia are
summarised in Table 2-3.

Table 2-3: Chronic inhalation screening criteria for ammonia

Pollutant Averaging Period Screening Criteria (ug/m?®) Reference
Ammonia (NHs) Acute (hourly) 1180 ATSDR MRL
Sub-acute (daily) 500 IRIS RfC
Chronic (annual) 100 PPRTV RfC

Notes:
ATSDR MRL - US Federal Agency for Toxic Substances and Disease Registry Minimal Risk Level
IRIS RfC - Integrated Risk Information System Reference Concentration
PPRTV RfC — US Environmental Protection Agency Provisional Peer-Reviewed Toxicity Value Reference Exposure Levels
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2.3

International Conventions

The technical reference documents published in the IFC Environmental, Health and Safety (EHS) Guidelines
provide general and industry specific examples of GIIP. The General EHS Guidelines are designed to be used
together with the relevant Industry Sector EHS Guidelines (IFC, 2007).

The IFC EHS Guidelines provide a general approach to air quality management for a facility, including the following:

Identifying possible risks and hazards associated with the project as early on as possible and
understanding the magnitude of the risks, based on:

o the nature of the project activities; and,
o the potential consequences to workers, communities, or the environment if these hazards are
not adequately managed or controlled.
Preparing project- or activity-specific plans and procedures incorporating technical recommendations
relevant to the project or facility;

Prioritising the risk management strategies with the objective of achieving an overall reduction of risk to
human health and the environment, focusing on the prevention of irreversible and / or significant impacts;

When impact avoidance is not feasible, implementing engineering and management controls to reduce
or minimise the possibility and magnitude of undesired consequence; and,

Continuously improving performance through a combination of ongoing monitoring of facility performance
and effective accountability.

Significant impacts to air quality should be prevented or minimised by ensuring that:

2.3.1

Emissions to air do not result in pollutant concentrations exceeding the relevant ambient air quality
guidelines or standards. These guidelines or standards can be national guidelines or standards or in their
absence WHO AQG or any other international recognised sources.

Emissions do not contribute significantly to the relevant ambient air quality guidelines or standards. It is
recommended that 25% of the applicable air quality standards are allowed to enable future development
in a given airshed. Thus, any new development should not result in ground level concentrations exceeding
25% of the guideline value.

The EHS recognises the use of dispersion models to assess potential ground level concentrations. The
models used should be internationally recognised or comparable.

Degraded Airsheds or Ecological Sensitive Areas

The IFC provides further guidance on projects located in degraded airsheds (IFC, 2007), i.e., areas where the
national/ WHO/ other recognised international Air Quality Guidelines are significantly exceeded or where the
project is located next to areas regarded as ecological sensitive such as national parks. The project is not located
in an ecologically sensitive area, and the airshed is not regarded to be degraded.
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2.3.2  Fugitive Source Emissions

According to the IFC (IFC, 2007), fugitive source emissions refer to emissions that are distributed spatially over a
wide area and confined to a specific discharge point. These sources have the potential to result in more significant
ground level impacts per unit release than point sources. It is therefore necessary to assess this through ambient
quality assessment and monitoring practices.

24 Recommended Guidelines and Objectives

The IFC references the WHO guidelines but indicates that any other internationally recognized criteria can be used
such as the United States (US) Environmental Protection agency (EPA) or the EC. It was, however, found that
merely adopting the WHO guidelines would result in exceedances of these guidelines in many areas due to the
arid environment in the country, and specifically in Namibia. The WHO states that these AQG and interim targets
should be used to guide standard-setting processes and should aim to achieve the lowest concentrations possible
in the context of local constraints, capabilities, and public health priorities. These guidelines are also aimed at
urban environments within developed countries (WHO, 2005). For this reason, the South African NAAQS are also
referenced since these were developed after a thorough review of all international criteria and selected based on
the socio, economic and ecological conditions of the country.

In the absence of guidelines on ambient air concentrations for Namibia, reference is made to the Air Quality
Objectives (AQO). These objectives are based on the WHO interim targets and SA NAAQS (Table 2-1). The criteria
were selected on the following basis:

e The WHO IT3 was selected for particulates since these limits are in line with the SA NAAQS, and the
latter are regarded feasible limits for the arid environment of Namibia.

o Even though PM,5emissions are mainly associated with combustion sources and mainly a concern in
urban environments, it is regarded good practice to include as health screening criteria given the acute
adverse health effects associated with this fine fraction. Also, studies found that desert dust with an
aerodynamic diameter 2.5 um cause premature mortality.

o For NHs, health effect screening levels as published by the ATSDR, IRIS and PPRTV are referenced.

e The Botswana and South African criteria for dust fallout are the same and with limited international criteria
for dust fallout, these were regarded applicable.

The proposed AQO as set out in Table 2-4 are intended to be used as indicators during the impact assessment.
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Table 2-4: Proposed Air Quality Objectives for the project

Pollutant Averaging Period Criteria Reference
NHs 1-hour average (ug/im?) 1180 ATSDR MRL
24-hour average 500 IRIS RfC
(Hg/m?)
Annual average 100 PPRTV RfC
(ug/m?)
Particulate matter = 24-hour average 75@) WHO IT3 & SA NAAQS (as per SEMP AQMP)
(PM+o) (g/m?®)
Annual average 40 SA NAAQS (as per SEMP AQMP)
(ug/m?)
Particulate matter = 24-hour average 37.5@ WHO IT (as per SEMP AQMP)
(PMzs) (ug/m?®)
Annual average 15 WHO IT3 & SA NAAQS (as per SEMP AQMP)
(Hg/m?)
Dustfall 30-day average 600() SA NDCR & Botswana residential limit
(mg/m?/day) 12000) SA NDCR & Botswana industrial limit
2400 Botswana Alert Threshold

Notes: (@ Not to be exceeded more than 4 times per year (SA)
() Not to be exceeded more than 3 times per year or 2 consecutive months
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3  DESCRIPTION OF THE BASELINE ENVIRONMENT

This chapter provides details of the receiving environment which is described in terms of;
e Local AQSR;
e The local atmospheric dispersion potential; and,
e Ambient air quality and the existing sources of air pollution in the area.

3.1 Sensitive Receptors

The evaluation criteria are based on human exposure to specific criteria pollutants and as such, possible AQSR
were identified where the public is likely to be unwittingly exposed.

Potential AQSR sensitive receptors within the study area and close to the project (Figure 3-1) include the residential
area of Walvis Bay.

3.2 Atmospheric Dispersion Potential

Meteorological mechanisms govern the dispersion, transformation and eventual removal of pollutants from the
atmosphere. The extent to which pollution will accumulate or disperse in the atmosphere is dependent on the
degree of thermal and mechanical turbulence within the earth’s boundary layer. Dispersion comprises vertical and
horizontal components of motion. The stability of the atmosphere and the depth of the surface-mixing layer define
the vertical component. The horizontal dispersion of pollution in the boundary layer is primarily a function of the
wind field. The wind speed determines both the distance of downwind transport and the rate of dilution as a result
of plume ‘stretching’. The generation of mechanical turbulence is similarly a function of the wind speed, in
combination with the surface roughness. Pollution concentration levels therefore fluctuate in response to changes
in atmospheric stability, to concurrent variations in the mixing depth, and to shifts in the wind field.

A description of the wind field, temperature, precipitation, and atmospheric stability is provided in the following
section. Modelled Weather Research and Forecasting (WRF)® meteorological data for a point located just north of
Walvis Bay for the period 2021 to 2023 was utilised which include wind speed (km/hr), wind direction (degrees),
temperature (°C), humidity (%), barometric pressure (Pa) and rainfall (mm).

3 The Weather Research and Forecasting (WRF) Model is a state-of-the-art mesoscale numerical weather prediction system designed for
both atmospheric research and operational forecasting applications. It features two dynamical cores, a data assimilation system, and a
software architecture supporting parallel computation and system extensibility.
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Figure 3-1: Identified AQSR within the study area
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3.2.1  Surface Wind Field

The wind direction, and the variability in wind direction, determines the general path that air pollutants will follow,
and the extent of crosswind spreading. Wind roses comprise 16 spokes, which represent the directions from which
winds blew during the period. The colours used in the wind roses below, reflect the different categories of wind
speeds; the red area, for example, representing winds higher than 6 m/s. The dotted circles provide information
regarding the frequency of occurrence of wind speed and direction categories. The frequency with which calms
occurred refers to periods during which the wind speed was below 1 m/s.

Period, daytime and night-time wind roses for the study area, based on the modelled WRF meteorological data for
three-year period: 2021 to 2023 are depicted in Figure 3-2.

Figure 3-2: Period, day- and night-time wind roses based on modelled WRF data for a point just north of Walvis
Bay (2021 to 2023)

The predominant wind direction for the study area (point just north of Walvis Bay) is from the south-southwest and
southwest which is evident in the day- and night-time wind roses as well. Calm conditions (i.e., wind speeds of less
than 1 m/s) occurred for 4.87% of the period.
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3.22  Temperature

Air temperature is important, both for determining the effect of plume buoyancy (the larger the temperature
difference between the emission plume and the ambient air, the higher the plume is able to rise), and determining
the development of the mixing and inversion layers.

Monthly mean, maximum and minimum temperatures are given in Table 3-1. Diurnal temperature variability is
presented in Figure 3-3. Average monthly temperatures ranged between 14.5°C and 21.3°C. During the day,
temperatures increase to reach maximum at about 15:00 to 16:00 in the late afternoon. Ambient air temperature
decreases to reach a minimum at between 06:00 and 07:00.

Table 3-1: Monthly temperature summary (WRF data for a point just north of Walvis Bay, 2021 to 2023)
Monthly Minimum, Maximum and Average Temperatures (°C)
Parameter  Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov = Dec
Minimum 17.0 17.5 15.4 16.4 13.6 12.7 11.3 8.9 8.7 11.1 123 | 131
Average 19.9  20.1 194 213 18.6 17.5 16.8 14.6 14.5 15.5 175 178
Maximum 229 233 243 267 244 235 234 212 210 209 226 227

Figure 3-3: Diurnal temperature profile (WRF data for a point just north of Walvis Bay, 2021 to 2023)
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3.2.3  Atmospheric Stability

The new generation air dispersion models differ from the models traditionally used in a number of aspects, the
most important of which are the description of atmospheric stability as a continuum rather than discrete classes.
The atmospheric boundary layer properties are therefore described by two parameters: the boundary layer depth
and the Monin-Obukhov length, rather than in terms of the single parameter Pasquill Class. The Monin-Obukhov
length (LMo) provides a measure of the importance of buoyancy generated by the heating of the ground and
mechanical mixing generated by the frictional effect of the earth’s surface. Physically, it can be thought of as
representing the depth of the boundary layer within which mechanical mixing is the dominant form of turbulence
generation (CERC, 2004). The atmospheric boundary layer constitutes the first few hundred metres of the
atmosphere. During the daytime, the atmospheric boundary layer is characterised by thermal turbulence due to
the heating of the earth’s surface. Night times are characterised by weak vertical mixing and the predominance of
a stable layer. These conditions are normally associated with low wind speeds and less dilution potential. During
windy and/or cloudy conditions, the atmosphere is normally neutral. For low level releases, the highest ground
level concentrations would occur during weak wind speeds and stable (night-time) atmospheric conditions. The
atmospheric stability for the site is provided in Figure 3-4.

Figure 3-4: The diurnal atmospheric stability for the site (point just north of Walvis Bay) as estimated with AERMET

Air Quality Impact Assessment for the Ammonia Terminal, Walvis Bay North Port Area, Erongo Region
Report Number: 24ECC01 20



3.3  Current Ambient Air Quality

Three survey sites were selected (i.e. Site 1, Site 8 and Site 12) to take PM+o and PM, s grab samples (Figure 3-
1). The measured PM data is provided in Table 3-2. The measured daily PM+ concentrations ranged between
24 .4 ug/m® and 27.1 pg/m? the daily PM25 concentrations ranged between 3.2 pg/m?® and 5.6 ug/m?. It should be
noted that the measured concentrations were only over a single day and only provide an indication of concentration
levels in the area.

Table 3-2: Measured daily average PM1o and PM s for the 2024 survey

Survey site PM1o (pg/m?) PM2;s (ng/m?) Start measurement End measurement
Site 1 25.5 5.2 25/07/2024 09:36 26/07/2024 01:00
Site 8 244 3.2 24/07/2024 09:14 24/07/2024 2357

Site 12 271 5.6 23/07/2024 08:32 23/07/2024 23:58

The site of interest for the project is Site 1.
3.4 Existing Air Quality within the Study Area

Sources identified as possibly impacting on air quality in the region include, but are not limited to:
¢ Fugitive emissions from mining operations;
o Vehicle tailpipe emissions from national and main roads; and,
o Various miscellaneous fugitive dust sources (wind erosion of open areas, vehicle-entrainment of dust
along paved and unpaved roads).

3.4.1  Vehicle Tailpipe Emissions

Air pollution from vehicle emissions may be grouped into primary and secondary pollutants. Primary pollutants are
those emitted directly into the atmosphere, and secondary, those pollutants formed in the atmosphere as a result
of chemical reactions, such as hydrolysis, oxidation, or photochemical reactions. The significant primary pollutants
emitted by vehicles include carbon dioxide (CO.), CO, hydrocarbons (HCs), SO, oxides of nitrogen (NO),
particulates and lead. Secondary pollutants include NO,, photochemical oxidants (e.g., ozone), HCs, sulphur acid,
sulphates, nitric acid, nitric acid and nitrate aerosols. Toxic hydrocarbons emitted include benzene, 1.2-butadiene,
aldehydes and polycyclic aromatic hydrocarbons (PAH). Benzene represents an aromatic HC present in petrol,
with 85% to 90% of benzene emissions emanating from the exhaust and the remainder from evaporative losses.
Vehicle tailpipe emissions are localised sources and unlikely to impact far-field.

3.4.2  Mining Operations in the Region

Fugitive dust sources associated with mining activities include drilling and blasting operations, materials handling
activities, vehicle-entrainment by haul vehicles and wind-blown dust from stockpiles. Mining operations represent
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potentially the most significant sources of fugitive dust emissions (PM2s, PM1o and TSP) with small amounts of
NOy, CO, SO, methane, and CO; being released during blasting operations and from mine trucks.

Experience has shown that fugitive dust emissions due to on-site operations are typically only of concern within
3 km of the mine boundary, depending on the location of the mine boundary and extent of the mining operations.
This is the reason for the current manner in which atmospheric emissions are treated for mining operations. Dust
suppression methods that are most frequently used in local mining operations include wet suppression and
chemical stabilisation of haul roads and storage piles, and the vegetation or rock cladding of tailings
impoundments.

There are no mining activities in the immediate vicinity of the project, but mining activities are located further (more
than 20 km) to the north-northeast and northeast of the site.

3.4.3  Fugitive Dust Sources

Fugitive dust emissions may occur as a result of vehicle entrained dust from local paved and unpaved roads, and
wind erosion from open areas. The extent of particulate emissions from the main roads will depend on the number
of vehicles using the roads and the silt loading on the roadways. The extent, nature and duration of agricultural
activities and the moisture and silt content of soils are required to be known in order to quantify fugitive emissions
from this source. The quantity of wind-blown dust is similarly a function of the wind speed, the extent of exposed
areas and the moisture and silt content of such areas.
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4 IMPACT ASSESSMENT

The emissions inventory, dispersion modelling and results are discussed in Section 4.1, 4.2 and Section 4.3
respectively.

41 Atmospheric Emissions

The establishment of a comprehensive emission inventory formed the basis for the assessment of the air quality
impacts from the project activities on the receiving environment.

41.1  Construction

Construction activities primarily a source of particulate matter (PM+ and PM,s). Nuisance effects are caused by
the total suspended particulate fraction resulting in soiling of materials and visibility reductions.

The US EPA documents emission factors which aim to provide a general rule-of-thumb as to the magnitude of
emissions which may be anticipated from construction operations (US EPA, 2006). The quantity of dust emissions
is assumed to be proportional to the area of land being worked and the level of construction activity. The
approximate emission factors for general construction activity operations are given as:

E = 2.69 Mg/hectare/month of activity (269 g/m?/month)

The PM1o and PM_; fraction is assumed to be 30% and 3% of the US EPA total suspended particulate factor
respectively. These emission factors are most applicable to construction operations with (i) medium activity levels,
(i) moderate silt contents, and (iii) semiarid climates. The emission factor for TSP considers 42 hours of work per
week of construction activity. Test data were not sufficient to derive the specific dependence of dust emissions on
correction parameters, and because the above emission factor is referenced to TSP, use of this factor to estimate
PM1o emissions will result in conservatively high estimates. Also, because derivation of the factor assumes that
construction activity occurs 30 days per month, the above estimate is somewhat conservatively high for TSP as
well.

The footprint of the project was assumed as the expected active area at any given time and used in the model.

The total particulate emissions due to infrastructure construction is provided in Table 4-1.

Table 4-1: Estimated particulate matter emissions due to infrastructure construction

Pollutant Emissions (g/s/m?)
TSP 1.02E-04
PM1o 3.07E-05
PM2s 3.07E-06
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41.2  Operation

4.1.2.1  Continuous Process Emissions

The scrubber and Nitrogen (N2) and Instrument Air (IA) generation units are assumed to be venting continuously
to atmosphere.

41.21.1  Scrubber Unit

Inerts end up in the tank and the refrigeration unit from the (un)loading procedures and to a lesser extend from the
NHs production plant transfer line. In the refrigeration unit, inerts accumulate in the liquid receiver as they are non-
condensable at these conditions. To remove the inerts the gas phase of the liquid receiver is purged
discontinuously toward the scrubber unit. To recover as much ammonia as possible it is first sent through the
purged ammonia recovery system of the refrigeration unit. The composition, condition, and flowrate of the purge
to the scrubber may vary depending on the vendor of the refrigeration unit and the amount of inerts added. The
expected composition of the purge gas sent to the scrubber is assumed to be 95% of N, and 5% NH; and the
assumed flowrate is 1000 kg/h.

The scrubber will absorb the ammonia traces remaining in the purge using demi water. The scrubber has been
designed to release gases with a concentration of less than 25 ppmv of ammonia.

4121.2 Nyand IA Generation Unit

From the N, and IA generation unit the expected emission is air with higher percentage of oxygen, known as
enriched air or Nitrox (air with percentage in oxygen > 21%). This purge is sent to atmosphere to safe location.

4.1.2.2  Intermittent / Emergency Process Emissions

Emergency emissions are just expected during an emergency scenario, and they are supposed to be active for a
relatively short period of time. If an emergency is detected in the terminal, the system is designed to trip and flare
the operating loads to protect it against undesired events.

Most of the emergency vapor releases either from equipment or along the ammonia transfer lines are routed to the
tank outlet vapour line (i.e. connected to the ref. system feed line), recondensed and sent back to the main tank.
Except for the relief of the main pressure safety valves (PSVs) on the tank, which are directed to the flare. In case
the ref. system trips, since there is no possibility of recondensing, the vapours are routed to the flare as well, rather
than being treated in the scrubber unit due to the lower treatment capacity than the expected emergency relief.

41.221  Flare (Tank PSVs Maximum Release)
Worst case scenario of flaring would be due to a sudden change in the ambient pressure. This affects the relative

operating pressure difference between the tank and the environment. A sudden drop in ambient pressure can shift
the main storage tank pressure dangerously close to the maximum designed overpressure with the environment.
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To rapidly relief this pressure the tank is equipped with a series of 4 PSVs (“T” orifice) with a total rated capacity
of 29.1 tph. This amount is such that neither the ref. system nor the scrubber is able to cope with, and thus this
stream is directed toward the flare for combustion, assisted with propane.

If the burning efficiency of flare is assumed of 99%, then 1% of the release ammonia is liberated to the atmosphere.
In this case, 291 kg/h of ammonia is not burned. Also note that this emission is intermittent a for a short period of
time.

41.2.2.2 Flare (Scrubber Not Available)

In case the scrubber is not operating or is under maintenance, the purge with same flowrate and composition is
sent to flare, and it is assumed that the ammonia is completely combusted using propane as assist gas. During
the process of combustion components such as CO- and oxides of nitrogen (NOx) are created.

NOy formation in the flare is mostly dependent on the reaction temperature (> 1000 °C) and the residence time of
the reactants under that temperature. Due to the open-air environment, the reactions that occur in the flare system
have an excess supply of air. In addition, due to the flare height, crosswinds can cooldown the flame which results
in the temperatures, at the flare tip, rarely exceeding 1000 °C. Furthermore, swift cooling from ambient air can
considerably reduce the residence time of the reaction. Therefore, the NOy production in the flare can be
considered negligible.

If the burning efficiency of flare is assumed of 99%, then 1% of the release ammonia is liberated to the atmosphere.
In this case, a flowrate of 1000 kg/h of purge, 95% N2 and 5% NHs, is sent to flare. As result of burning just 99%
of the ammonia, this would result in 0.5 kg/h of NH3 being released during the shutdown of the Scrubber unit and
just during the purging of the reference system.

4.1.2.3  Start-up, Commissioning and Decommissioning
During start-up, commissioning and decommissioning it is expected that the flare unit will be operating
continuously. The expected maximum flowrate during commissioning is about 2000 kg/h. Composition of the

stream changes along the commissioning process, ranging from 0-90% of NH; and the rest as Na.

Considering a 1% ammonia not being burned after flaring continuously, in the worst case assumed of 90% NHjs in
a flowrate of 2000 kg/h, would result in 18 kg/h for the duration of the commissioning process.

4.1.24  Fugitive Emissions
Fugitive emissions from the plant depend on the number of valves, pumps flanges, compressors, etc. present in

the terminal and its facilities. The fugitive emissions are estimated using the code EPA-453: Protocol for Equipment
Leak Emissions Estimate. This code assigns a specific leakage rate to each component mentioned above.
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Based on the average leakage rate, on the number of each component and on the fraction of gas/volatiles present
in the streams of the facilities, the fugitive emissions are estimated at 0.27 tpa.
4.1.2.5  Summary of Source Parameters and Emissions due to Project Operations

The Scrubber stack and flare parameters provided is summarised in Table 4-2. The emissions due to continuous
and emergency operating conditions is provided in Table 4-3.

Table 4-2: Scrubber stack and flare parameters

Parameters Scrubber Flare Unit
Stack/ flare height 6.5@ 2000 ' 'm
Stack/ flare diameter 0.05 (|
Exit temperature <5 1000 °C
Exit velocity 30 20 mis

(@) Assumed
(b) This is a conservative approach as the flare may be installed on the tank tower, where the top of the flare would be 50m above
the ground level.

Table 4-3: Emissions due to continuous and emergency operating conditions

. wer NH3 NH; 0
(?op:;;::,nngs Esn:,::g? F(I:;\;Lar’;e emissions = emissions Nfls % N2 Notes
(kg/hr) (gls)

Continuous Scrubber 1000 0.014 0.0039 5 95  Scrubber will absorb the

Process ammonia traces
remaining in the purge
using demi water. The
scrubber has been
designed to release
gases with a
concentration of less
than 25 ppmv of
ammonia.

Emergency Flare 29100 291 80.83 Flare assumes 99%

Process - Tank burning efficiency, so

PSVs max. only 1% of the release

release ammonia is liberated to
the atmosphere.

Emergency Flare 1000 0.5 0.1389 5 95 = Flare assumes 99%

Process - burning efficiency, so

Scrubber not only 1% of the release

available ammonia is liberated to
the atmosphere.

Continuous Flare 2000 18 5 90 Flare assumes 99%

Process - burning efficiency, so

Commissioning

only 1% of the release
ammonia is liberated to
the atmosphere.
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Table 4-4: EPA-453 emission factors for fugitive emissions

Equipment Service

Valves Gas

Light liquid
Pump seals Gas

Light liquid
Other (compressors and others) Gas

Light liquid
Fittings (connectors and flanges) Gas

Light liquid

Table 4-5: Estimated fugitive emissions from the project

Emission factor

Equipment (kg/hr/source)
Valve 0.000028
Pump seal 0.0003
PRV 0.00013
Flange 0.000025
Compressor seal 0.00013
Sampling 0.00013

Total fugitive emissions
NH;s fraction (0.95)

4.2 Atmospheric Dispersion Modelling

Emission factor (kg/hr/source)
1.30E-05
4.30E-05
6.50E-05
5.40E-04
1.20E-04
1.30E-04
4.20E-05
8.00E-06

Total
emissions
(kg/hr)

356 0.0100
2 0.0006
27 0.0035
712 0.0178
4 0.0005

1 0.0001
0.0325

0.0309

Number of components
(estimate)

To assess impact on human health and the environment the following important aspects need to be considered:

e The criteria against which impacts are assessed (Section 2.4);

o The potential of the atmosphere to disperse and dilute pollutants emitted by the project (Section 3.2); and

e The AQSR in the vicinity of the project (Section 3.1).

The impact of project construction and operations on the atmospheric environment was determined through the
simulation of ambient pollutant concentrations. Dispersion models simulate ambient pollutant concentrations as a
function of source configurations, emission strengths and meteorological characteristics, thus providing a useful
tool to ascertain the spatial and temporal patterns in the ground level concentrations arising from the emissions of
various sources. Increasing reliance has been placed on concentration estimates from models as the primary basis
for environmental and health impact assessments, risk assessments and emission control requirements. It is
therefore important to carefully select a dispersion model for the purpose.
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421  Dispersion Model Selection

In the calculation of ambient air pollutant concentrations and dustfall rates use was made of the US EPA AERMOD
atmospheric dispersion modelling suite. AERMOD is a Gaussian plume model best used for near-field applications
where the steady-state meteorology assumption is most likely to apply. AERMOD is a model developed with the
support of the AMS/EPA Regulatory Model Improvement Committee (AERMIC), whose objective has been to
include state-of the-art science in regulatory models (Hanna, Egan, Purdum, & Wagler, 1999). AERMOD is a
dispersion modelling system with three components, namely: AERMOD (AERMIC Dispersion Model), AERMAP
(AERMOD terrain pre-processor), and AERMET (AERMOD meteorological pre-processor). AERMET version
22112 and AERMOD version 22112 were used for the assessment.

422  Meteorological Requirements

Modelled hourly WRF meteorological data for 2021 to 2023 was utilised for the dispersion simulations.

42.3  Source Data Requirements

The US EPA AERMOD model is able to model point, flare, jet, area, line and volume sources. The construction
area was modelled as an area source. The fugitive emissions during operations were modelled as an area source
and emissions from the scrubber stack and the flare stack were modelled as point and flare sources respectively.

424  Modelling Domain

The dispersion of pollutants expected to arise from the project construction and operation activities was modelled
for an area covering 5 km (east-west) by 5 km (north-south). The area was divided into a grid matrix with a
resolution of 50 m by 50 m, with the project located centrally. AERMOD calculates ground-level (1.5 m above
ground level) concentrations and dustfall rates at each grid and discrete receptor point.

4.3 Dispersion Modelling Results

Dispersion modelling was undertaken to determine the 99% percentile daily (for PM1o and PMs), highest hourly
(for NHs), highest daily (for NH3 and dust deposition) and annual average ground level concentrations. Averaging
periods were selected to facilitate the comparison of predicted pollutant concentrations to relevant ambient air
quality and inhalation health criteria as well as dustfall regulations.

Pollutants with the potential to result in human health impacts which are assessed in this study include PMas, PMy,
and NHs. Dustfall is assessed for its nuisance potential. For compliance, reference was made to AQO as
summarised in Section 2.4.
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4.3.1  Construction

Simulations were undertaken to determine PM (PM1 and PM.5) concentrations and total daily dust deposition from
project construction activities. The results from the simulation of the PM concentrations and deposition are
presented in the format of isopleth plots as per Table 4-6.

Table 4-6: Figures of simulated PM concentrations and depositions due to project construction activities

Pollutant Averaging period
Daily Annual
PMa2s Figure 4-1 Figure 4-2
PM1o Figure 4-3 Figure 4-4
Dust deposition Figure 4-5 -

The modelled PM25s ground level concentrations due to project construction activities is within the AQO at all
potential sensitive receptors within the study area. The annual PM1o ground level concentrations due to project
construction activities is within the AQO at all potential sensitive receptors within the study area. The PMyo daily
ground level concentrations, however, exceed the AQO up to ~1.5 km at Walvis Bay to the southwest of the project
site.

Maximum daily dust fallout is within the AQO for residential areas (600 mg/m?day) at all sensitive receptors within
the study area.

Figure 4-1: Simulate daily (99" percentile) PM,.5s ground level concentrations due to project construction activities
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Figure 4-2: Simulate annual average PM, 5 ground level concentrations due to project construction activities

Figure 4-3: Simulate daily (99 percentile) PM1o ground level concentrations due to project construction activities
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Figure 4-4: Simulate annual average PMio ground level concentrations due to project construction activities

Figure 4-5: Simulate highest daily dust deposition due to project construction activities
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43.2  Operation

Simulations were undertaken to determine NH3 concentrations from project operation activities. The results from
the simulation of the NH3 concentrations are presented in the format of isopleth plots as per Table 4-7.

Emergency situations were modelled as hourly averaging periods only as these events are not likely to extend
over a day. The commissioning phase of the project was modelled for hourly and daily averaging periods as the
duration of commissioning was not specified and it was assumed that this event could extend from an hour to a
couple of days.

It should be noted that different colour scales are used for the different scenarios as the concentration levels are
different.

The simulated NH3 ground level concentrations due to continuous and emergency project operations are well within
the AQO at all off site sensitive receptors.

Table 4-7: Figures of simulated NH3 concentrations due to project operation activities

Averaging period
Scenario veraging pert

Hourly Daily Annual
Continuous Process Figure 4-6 Figure 4-7 Figure 4-8
Emergency Process - Tank .
PSVs max. release Figure 4-9 ) )
Emergency Process - Scrubber Figure 4-10 i )
not available
Continuous Process - Figure 4-11 Figure 4-12 )

Commissioning
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Figure 4-6: Simulate highest hourly NHs ground level concentrations due to normal project operations

Figure 4-7: Simulate highest daily NHz ground level concentrations due to normal project operations
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Figure 4-8: Simulate annual average NHs ground level concentrations due to normal project operations

Figure 4-9: Simulate highest hourly NHz ground level concentrations due to emergency conditions (maximum
release from tank PSVs)
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Figure 4-10: Simulate highest hourly NH3 ground level concentrations due to emergency conditions (Scrubber
offline)

Figure 4-11: Simulate highest hourly NH3 ground level concentrations due to project commissioning
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Figure 4-12: Simulate highest daily NHs ground level concentrations due to project commissioning
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5 AR QUALITY MANAGEMENT MEASURES

In the quantification of air emissions and simulation of impacts as a result of the project, it was found that
environmental air quality evaluation criteria for residential receptors will be met at all off-site AQSR with the
exception of PMyo daily concentrations. It should be noted, however, that the entire project site was conservatively
assumed to be constructed and that activities would be for 24 hours per day.

The measures discussed in this section are measures typically applicable to industrial sites and are considered
good practice. It should be noted that not all mitigation measures are to be implemented, but should the need arise
the mitigation measures as discussed in this section can be considered.

5.1 Proposed Mitigation Measures and/or Target Control Efficiencies

The following air quality measures are recommended during construction of the project:

o Maintenance and repair of diesel engines should be carried out as prescribed by manufacturer in order
to maximize combustion and reduce gaseous emissions.

o Fuel efficient driving practices on site, during construction, may also help lower exhaust emissions from
vehicles and machinery and reduce vehicle entrainment, such as stipulating a maximum speed on all
unpaved roads. In addition, other fuel-efficient practices that may lower exhaust emissions include limiting
idling of machinery, driving in an upper gear rather than a lower gear as much as possible, ensuring tire
pressure are always adequate etc.

e  Products, liquid fuels, and chemicals should be stored in areas where there are provisions for containment
of spills.

e Reduce the area of construction where it is close to receptors.

o Apply water sprays or chemical suppressants on regularly travelled, unpaved road sections. This would
result in a control efficiency of between 50% and 90%.

e Reduce construction activities to day-time hours only where possible.

5.2 Periodic Inspections and Audits

Periodic inspections and external audits are essential for progress measurement, evaluation and reporting
purposes. It is recommended that site inspections and progress reporting be undertaken at regular intervals (at
least quarterly), with annual environmental audits being conducted. Annual environmental audits should be
continued at least until construction is complete. Progress should be reported to all interested and affected parties,
including authorities and persons affected by pollution.

The criteria to be taken into account in the inspections and audits must be made transparent by way of minimum
requirement checklists included in the management plan. Corrective action or the implementation of contingency
measures must be proposed to the stakeholder forum in the event that progress towards targets is indicated by
the quarterly/annual reviews to be unsatisfactory.
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6 FINDINGS AND CONCLUSION

A quantitative air quality impact assessment was conducted for the construction and operation of the project. The
assessment included an estimation of atmospheric emissions, the simulation of pollutant concentrations and
determination of the significance of impacts. The main concem is the potential air quality impacts from the proposed
project on the receiving environment and human health.

6.1  Main Findings

6.1.1  Baseline Assessment

The main findings from the baseline assessment can be summarised as follows:

¢ The main baseline sources (i.e. non project sources) likely to contribute to cumulative particulate impact
are vehicle entrainment on unpaved road surfaces, wind erosion of open areas and mining activities.

o The closest potential AQSR to the project are the residential areas of Walvis Bay.

e  Measured daily PMso concentrations in the vicinity of the project (Site 1) were 25.5 ug/m?* and daily PMs
concentrations were 5.2 pg/m®. This is based on a single grab sample taken in July 2024.

e The main pollutant of concern in the region is PM (including TSP; PM1, and PM, ) resulting from vehicle
entrainment on the roads (paved, unpaved and treated surfaces), windblown dust and mining activities.
Gaseous pollutants such as SO2, NOx, CO and CO, would result from vehicles and combustion sources,
but these are expected to be at low concentrations due to the few sources near the project.

6.1.2  Impact Assessment

The findings from the impact assessment can be summarised as follows:
e  Construction:

o Simulated highest daily and annual average PM2 5 ground level concentrations were within AQO
at all off-site AQSR within the study area.

o Simulated highest daily PM+o ground level concentrations exceeded AQO at Walvis Bay to the
southwest of the project site. This conservatively assumes that construction would occurs over
the entire project site and that it would take place 24 hours per day.

o Daily dust deposition is within the AQO at all off-site AQSR within the study area.

e  Operation:

o Simulated NH3 ground level concentrations due to project operations does not exceed AQO at

any off-site AQSR within the study area.
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6.2 Conclusion

Given that the NH; concentrations due to project operations are well below AQO and that PM emissions due to
construction activities could be minimised to meet AQO at AQSR with effective air quality management measures
in place, it is the specialist's opinion that the project be authorised.
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APPENDIX A — SPECIALIST CURRICULUM VITAE
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APPENDIX B — DECLARATION OF INDEPENDENCE
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