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Abstract

North British Distillery Company (NBDC) conducted a review of odour emissions from their
animal feeds plant in Edinburgh over a three year period, leading to the installation of new
odour abatement plant. Detailed odour measurements were obtained using dynamic
olfactometry as part of the review. An advanced dispersion model was used to predict odour
around the site to help prioritise sources for abatement.  Odour from normal operations at
the nearest receptors was predicted to be >25 OUE/m3 98%ile 1 hour. The main source of
odour at receptors was emissions from the two pellet coolers, rather than the evaporation
and drying processes. The cooler exhaust is moist and sticky with inlet odour concentrations
typically 40,000–60,000OUE/m3.

NBDC tested wet scrubbing, Aerox® and cold plasma with abatement trial rigs on-site.
Odour impacts around the site have been substantially reduced following the introduction of
a cold plasma unit in early 2005 with a measured abatement efficiency >90%. Residual
odour is discharged from a 23m stack.

INTRODUCTION

The North British Distillery Company (NBDC)1 has operated a distillery at Wheatfield
Road Edinburgh ever since the company of independent blenders was established in
1885. The site is located in a mixed residential and commercial area. The nearest
sensitive receptor is the school building in Mcleod Street, within 100m of the process.
The nearest housing is in Wheatfield Place. approximately 200m to the south.  The land
north of the distillery is mostly industrial in character, with the nearest housing in
Roseburn at least 300m from the main emission points. Murrayfield rugby stadium and
Tynecastle football stadium are both within 250m of the process.

Figure 1 – The North British Distillery Co. Ltd Edinburgh with inset

                                                
1 The author wishes to acknowledge the assistance of Alistair Murphy and Richard Lodge of North British
Distillery Co. Ltd and Damien Walls of SEPA. All opinions expressed here are exclusively those of the author.
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The main process activity at the NBDC site is the manufacture of whisky (~63M
litres/year) using water, grain and yeast. These materials are fermented in vats and the
alcohol is removed by distillation for further processing and treatment. The waste
products from the fermentation process include carbon dioxide which is collected and
exported from the site for sale; and distillation residues which are mostly water (>95%).
These residues consist of unfermented sugars, soluble proteins and dead yeast cells.
NBDC use the waste material to manufacture animal feed pellets: a good example of
turning waste into saleable products.

The predominant odour from the process is from the evaporation and cooling operations
associated with the animal feeds plant, rather than the fermentation process. The odour
has been described by some as a “baking biscuit” type odour and by others as “like
porrage”. Until fairly recently unabated emissions could be detected several kilometres
distant from the process.

A staged project was conducted between 2002 – 2005 to investigate options for odour
control at the site and reduce environmental impacts from the site.

Process Description

The waste liquor from the stills are passed through a centrifuge to remove the
suspended solids. The centrifuged solids are fed into a drier to obtain a dry material
known as dreg, with about 10% moisture. The solids in the remaining liquid from the
centrifuges are concentrated by evaporation into a 50% solids syrup. The dreg and the
syrup are then re-blended to form dark grains. The dark grains are dried, pelletised and
cooled, with a final moisture content of around 11%. There are four main odour emission
points from the process:

• the moisture-laden air from the driers is passed through cyclone separators to
reduce suspended particles in the process gases and thence through a two stage
wet scrubber to remove odour (Z9). The Z9 emission, around 1.1m3/s at 45o was
then fed as primary air to the gas fired steam raising boiler;

• a low-volume emission point (V10) providing a pressure balance for the
evaporation process. The measured flow of this emission source is typically
0.5m3/s at 98oC. This is one of the more odorous emissions from the process, but
has a low flow under most conditions;

• cooler No. 1 (the old pellet cooler) emission point is located on the roof of the
drier building. The measured flow of this emission source is 4.6m3/s at 40oC. The
plume from the pellet cooler was discharged horizontally with a low efflux velocity
within the re-circulating wake of the building; and

• cooler No. 2 (the top pellet cooler) emission point is located on the roof of the bin
stores. The measured flow of this emission source is 3m3/s at 43oC.

ENVIRONMENTAL REGULATION

The animal feeds plant was authorised under part 1 of the Environmental Protection Act
1990 since the early 1990’s, originally by Edinburgh City Council. The brewing and
distilling industries have traditionally been large employers in Edinburgh and the City
Council’s approach to odour regulation was low key.   

The Scottish Environment Protection Agency (SEPA) assumed control for regulating the
process in 1996. Complaint records held by SEPA since then indicate that odour
complaints were sporadic.  Most complaints were from residents of Balbirnie Place,
Wester Coates Gardens, and Ellersly Road, all to the north east of the site. When
investigated, these complaints tended to be associated with specific incidents at the
process, rather than due to normal process emission. The owners of the stadium at
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Murrayfield made a discrete inquiry about odour from NBDC. The nearest receptor is the
local school, which shares a site boundary with the process. NBDC has a long tradition of
supporting the school and enjoys a good relationship with the school board and
management.

The EPA Authorisation included the requirement that “All emissions to air from the
process shall be free from offensive odour, as perceived by an Authorised Person,
outside the process boundary”.

The authorisation required that NBDC investigate alternative and additional measures to
improve odour control. Various odour abatement measures have been implemented at
the plant over the years. NBDC wished to review current emissions from the process: to
confirm the main sources; to assess the performance of existing abatement; and to help
inform the priorities for any additional odour abatement following the introduction of
PPC.

The introduction of the Pollution Prevention and Control Regulations (PPC) extend the
regulation by SEPA to include the distillation process, but so far this has had little
significance in terms of odour. SEPA are currently processing NBDC’s application for PPC
made in early 2005.

PPC Guidance
 

 The UK Environment Agencies have drafted new Guidance for PPC processes. The main
guidance likely to be relevant to the animal feed process at NBDC is the Draft Horizontal
Guidance for Odour.2 H4 outlines the proposed regulatory framework for controlling
odour from PPC processes. Under the PPC regime the Environment Agencies will consider
that odour control at a specific process is the Best Available Technique (BAT) if the
operations do not give reasonable cause for annoyance. H4 proposes to adopt standards
based on the 98%ile of hourly averages in a typical year. This allows for poor dispersion
caused by unfavourable weather conditions, around 175 hours over a year. Historically
annoyance studies have been based on relating the incidence of annoyance to predicted
hourly average odours and do not take account of short-term fluctuations in
concentrations.
 
 In the UK an empirical standard of 5OUE/m3 98%ile has been adopted, as a means of
assessing the probability of community annoyance. 3&4 This standard is based on
experience in the field, rather than scientific studies of exposure and community
annoyance.  H4 proposes that the odour standard for processes with low offensive
potential should achieve 6OUE/m3 98%ile at sensitive receptors. This would include
odours from bakeries, breweries and confectionery processes. H4 proposes a standard of
3OUE/m3 98%ile for food processing, livestock rearing and other medium offensive
processes. H4 proposes the adoption of 1.5OUE/m3 98%ile for highly offensive processes
including livestock feed factories, waste water treatment works, animal rendering and oil
refineries.  These proposed standards are based on international studies, mostly in the
Netherlands and very limited (and as yet mostly unpublished) studies in the UK.
 
 Odour as described by dynamic olfactometry can’t be normally be measured at the site
boundary so that the community exposure estimates rely on dispersion modelling.
 
 The PPC sector Guidance for this process5 and BREF6 note contain general advice on
odour control. The BREF Note states that the main air emissions from the food, drink and
milk sectors are dust and odour, but does not propose any specific odour abatement

                                                
2 Environment Agency October 2002. Technical Guidance Note H4
3 New Biggin on Sea public local inquiry 1992.
4 Helensburgh WwTW 1999
5 Environment Agency November 2002.V2.01 General Guidance -  Food and Drink Sector. SG S6.10 Issue 1
6 European IPPC Bureau June 2005. BREF Food Drink and Milk Industries
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efficiency benchmarks. BREF document includes a flow chart to help with the selection of
odour abatement techniques.
 
 
APPROACH TO ODOUR ASSESSMENT & CONTROL

NBDC adopted a staged approach over a three year period to help identify the main
contributions to sensitive receptors off-site and decide the most cost-effective odour
abatement strategy. The study objectives were to quantify existing emissions; and to
evaluate potential abatement technologies.  Stages 1 - 5 of the study involved:

Stage 1 – Agreeing the scope

The scope of the study and methodology were agreed with SEPA. This confirmed that the
study should concentrate on process emissions from the animal feeds process and ignore
fugitive emissions. While it was recognised that process emissions from the distillery
operation could contribute to odour off-site these were outwith the scope of the EPA
regime. SEPA also agreed that the study should consider the impacts arising from
normal process conditions and ignore isolated odour events associated with poor
operational control or failure of abatement at the works.

An inventory of odorous process emissions was compiled and sampling methods agreed
with SEPA.  This identified five sources to be measured:

• V10 – the evaporator vent;
• The Z9 flow – air flows from the dryers before and after the two stage wet scrubber,
• The main boiler exhaust which received the flow from Z9;
• Pellet cooler No. 1; and
• Pellet cooler No. 2.

Stage 2 – Odour Emission Measurement

Stage 2 involved the measurement of typical odour emission concentrations from stacks
and vents. Air flows and temperatures were also measured to enable the odour emission
rates to be calculated. Samples were obtained in triplicate and analysed using dynamic
olfactometry.7

Figure 2 – NBDC Edinburgh – Animal Feed Plant - Odour concentrations OUE/m3

                                                
7 British Standards Institute 2003.  BS EN 13725 Odours
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Table 1 – NBDC Edinburgh – Animal Feeds Plant - Odour Concentrations - 2002
Source Sample 1 Sample 2 Sample 3 Mean Flow Emission

Rate
OUE/m3 OUE/m3 OUE/m3 OUE/m3 m3/s OUE/s

Boiler 5,618 5,670 3,885 5,058 16.0 80,920
V10 38,516 26,688 25,448 30,217 0.5 13,598
Z9 Pre-scrubber 16,473 19,153 18,358 17,995 2.0 35,989
Z9 Post –scrubber 4,058 8,102 3,962 5,374 1.1 5,911
Cooler No. 1 13,543 13,543 18,058 15,048 4.5 67,716
Cooler No. 2 16,470 19,016 18,017 17,834 3.1 55,287

These tests confirmed that the evaporator vent - V10 emissions had the highest odour
concentration. This emission has a low flow rate and  is the smallest unabated odour
emission rate from the process.

The odour concentration from the dryer drops from 17,995 OUE/m3 to 5,374 OUE/m3

across the 2 stage scrubber: an abatement efficiency of ~70%. The temperature drops
from 900C to 45oC across the scrubber, reducing the measured air flow so that overall
the scrubber abatement efficiency is 84% when considered as an emission rate.

When the emission rate for other process emissions is considered a different picture of
their environmental significance emerges. The odour concentration from the boiler plant
was relatively low, but contributed the largest single odour emission source of odour
from the process, due to the high flow rate. The measured odour from the boiler stack
may have been partly due to residual odour from the combustion gases rather than
animal feed type odour, so the result could be misleading. The ducting of the Z9 flow for
use as primary air had been installed following a BATNEEC review several years
previously, before any olfactometry measurements had been conducted at the site. The
ducts carrying the Z9 post scrubber flows to the boiler plant were costly to operate:
requiring a high level of maintenance and heating to prevent condensation.

Figure 3 – NBDC Edinburgh – Animal Feed Plant - Odour emission rates by process stage based on measured
flow and odour concentration (OUE/s)

Stage 3 – Odour Impact Assessment

This stage of the study used the measured emission rates and an advanced dispersion
model to predict the odour footprint from the animal feeds plant. Several emission
scenarios were considered:

1. Z9 flow scrubbed and discharged 3m above roof level – (see Figure 3.1);
2. Z9 flow ducted to the boiler plant; (see Figure 3.2) and
3. Z9 flow as per scenario 1, with improved pellet cooler dispersion (see Figure 4.2).

This study found that there was virtually no difference between the highest predicted
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ground level odour concentrations for scenarios 1 – 3 mainly because the emissions from
the pellet coolers dominate the impacts at ground level near the site boundary. These
emissions are poorly dispersed due to the low buoyancy and the tendency for the old
pellet cooler plume to be trapped within the building wake. Improving the dispersion
from the two pellet coolers by increasing the stack height and efflux velocity would
reduce the worst case odour concentration from 27 OUE/m3 to 11 OUE/m3  - 1 hour
98%ile.

Table 2 – NBDC Edinburgh – Animal Feeds Plant – maximum predicted odour concentrations at
sensitive receptors OUE/m3 1 hour 98%ile

Source OUE/m3

Boiler Plant Stack 3.1
Z9 from 3m roof mounted stack 0.8
V10 2.1
Cooler No. 1 (Old Pellet Cooler) 24.8
Cooler No. 2 (Top Pellet Cooler) 15.8

However this reduction alone would be unlikely to satisfy current regulatory
expectations, the indicative BAT benchmark. NBDC therefore concluded that the two
pellet coolers required odour abatement.

The model predictions indicated that ducting the Z9 flow to the boiler plant did not
provide any benefit in predicted odour concentration and actually increased the extent of
the predicted process impact. Given the relatively small benefit in notional odour
reduction SEPA accepted that in future the scrubbed Z9 flow could be discharged 3m
above roof level.

The Z9 and V10 flows don’t make a great contribution to the local odour impact.
Although the strongest odour concentration measured in the 2002 tests was from the
V10 evaporator with odour concentrations of 25,448 – 38,516 OUe/m3,, the emission was
relatively low volume. The maximum contribution from V10 was predicted to be <10% of
the total process odour at any receptor.

Figure 3.1 - All Sources  (Z9 – as per scenario 1)            Figure 3.2 - All Sources  (Z9 – as per scenario 2)

        
Predicted Odour Impact from NBDC – 2002.  The contours shown are 1.5, 6 and 25 OUE/m3 1 hour 98%ile

for both plots.

The Z9 flow (scenario 1) contributes < 5% of total odour at the nearest receptor,
assuming that the emissions are passed through the wet scrubber and discharged 3m
above roof level. Ducting the Z9 flows to the boilers actually extended the notional
impact of the process, due to the large flows from the boiler.

The residual impact from V10 and Z9 combined are confined to the immediate environs
of the site. Stage 3 concluded that no further treatment was required for Z9 or V10.

Stage 4 – Abatement Selection Trials

Although the initial driver for upgrading the pellet coolers was environmental
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compliance, production management at the site seized the opportunity to replace the
existing cooler as part of the project. The original pellet cooler system had evolved over
time, had relatively high operating costs, and cooler unreliability leading to loss of
production. NBDC conducted an engineering review of cooling options and current
practice in the industry. The revised design rationalised the two coolers, with a single air
5m3/s cooler, improved energy efficiency and avoided additional costs associated with
duplicate cooler abatement systems.

Stage 4 involved the testing of three abatement techniques. In these tests, odour from
cooler No. 1 was measured before and after the trial scrubber unit rig on-site to obtain
estimates of abatement efficiency.

Table 3 – NBDC Edinburgh Animal Feeds Plant – Summary of Abatement Options
Technology Advantages Disadvantages
Thermal
Incineration

Suitable for air flow and likely to be
highly efficient with > 99% odour
removal.

Systems can be costly to install. Expensive to
operate due to fuel costs.

Adsorption Can achieve very high levels of
removal for some applications >
99%.

Adsorbent used needs to be selected for specific
application and may involve some trial and error.
Adsorbent looses capacity to retain captured odour
and may actually become source of odour if
adsorbent “spent”.   Gas stream would need pre-
treatment to remove moisture and particles.

Bio-filtration Removal efficiency 95 – 99% can be
expected in bed that is well
maintained and fed with steady state
flow. The technique is relatively low
cost and relatively cheap to maintain.
Does not generate waste material
unlike other techniques such as
adsorption and wet scrubbing.

Unsuitable for high temperature exhaust > 40oC.
Takes up a lot of space. Gas stream would need
cooling and pre-treatment to remove particles. The
emission from the top of bed would also need to be
collected and disposed of to a stack. Experience at
some sites suggests that bio-filtration can be
ineffective due to irregular process operation where
inflow is not steady state.

Wet
Scrubbing

Suitable for air flow under
investigation. Simple process with
low operating costs. Use of two or
more stages with different reagents
can be combined to provide
increased abatement. Packed bed
absorbers can achieve high odour
removal.

Use of reagents can involve health and safety
handling issues. Some reagents can create residual
odour. Some trial and error may be needed to
optimise type and concentration of reagent. Use of
reagents can increase operating costs. Some
applications don’t achieve expected abatement. Bio-
logical activity in packed beds may need to be
controlled.  May increase plume visibility and produce
~200m3 liquid effluent per week.

Ozone Easy to install.
Push button control. Negligible
operating costs

Ozone is toxic and corrosive, unstable and needs to
be generated on site. Installation may be expensive.
It is a selective oxidant and will not treat some
odours.

Ultra Violet Easy to install.
Push button control.
Small footprint

Variable performance
UV injectors need replacement.
Gas cleaning required for upstream particle removal

Cold Plasma Easy to install.
Push button control.
Small footprint
Initial trials suggest 85% odour
removal
Also collects particles

Unproven
Supplier’s publicity refers to 80 – 90% abatement

NBDC identified three abatement systems for further consideration. NBDC elected to test
these systems using a trial rig at the site to confirm that the technology adopted was
suitable for the hot, moist, particle-laden gas stream.  The results from the trials are
summarised in Table 4.

Table 4 – NBDC Edinburgh – Animal Feeds Plant - Pellet Cooler Odour Abatement Tests
Abatement Technique Abatement Efficiency

(low)
Abatement

Efficiency (median)
Abatement Efficiency

(highest)
Water Scrubber* 77% 77% 77%
Aerox 73% 89% 92%
Cold Plasma 85% 90% -

* based on odour concentration
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Difficulties Encountered

Due to difficulties with material handling the Feeds Plant had been shut down on the
morning of the Aerox ® trials and the material supplied to the cooler was inconsistent.
The variations in the measured odour concentrations were probably caused by the
changes in the material feed. According to NBDC the coolers were operating normally
and were full with fresh material during the cold plasma and water scrubber tests.

One further complication in interpretation of the measured data is due to the sequential
alternate sampling method used. Ideally samples at the inlet and outlet should be
measured simultaneously, but this can increase the sampling costs significantly. As a
compromise samples were taken alternately from the inlet and outlet, typically 15
minutes apart.

The inlet odour concentrations from the pellet cooler were highly variable ranging from
13,500 – 108,000 OUe/m3. The trials conducted on the pellet cooler in 2004 were
intended to measure odour when the pellet cooler was operating under maximum load
conditions, with the intention of obtaining worst case inlet odour load so that the
abatement equipment could be specified with sufficient capacity.

Table 5 – NBDC Edinburgh – Animal Feeds Plant -  Cooler No. 1 - Odour Tests - Inlet Results OUe/m3.
Stage 3 Sep-02 Aerox® Injector tests Water Scrubber Tests

13,543 31,855 107,808
13,543 23,079 58,584
18,058 49,290 -

The variation in reported odour concentrations from cooler No. 1 were thought  to be
due to the variations in feed stock and production conditions prevailing at the time of
sampling. This variation was important when considering the performance requirements
for the odour abatement system in the next stage.

Stage 5 – Abatement Selection

This stage identified the level of abatement required at the animal feeds plant to comply
with BAT by: confirming the minimum odour performance requirements for the pellet
cooler taking account of the likely odour inlet concentration; the abatement efficiencies
that may be expected depending on the selection of the odour abatement  process;  the
optimum location for a stack;  and optimum stack height for the effective dispersion of
residual pollution.

NBDC rejected the wet scrubbing option for a number of reasons including poorer
dispersion, visible plume and higher operating costs associated with liquor waste
disposal.  Although the Aerox system performed well in some tests, it was rejected
because the gas stream would need additional treatment to remove particles. The cold
plasma suppliers provided a similar commercial guarantee to Aerox, with the apparent
additional benefit of removing particles from the exhaust. Following this review NDBC
selected cold plasma as their preferred option.

Having identified the preferred abatement technique, a further dispersion modelling
assessment was required to determine optimum stack height and location for the
dispersal of the residual emissions. Odour concentrations at receptors around the site
were predicted using ADMS 3.2. Two stack locations were assessed for a range of stack
heights. A model sensitivity analysis8 was conducted for 10 years hourly sequential
meteorological data, surface roughness, and building and terrain effects. A high
definition grid – 10m - was used to predict odour. A stack height of 23m was finally
selected.

                                                
8 Royal Met. Soc. DoE 1995. Guidelines on Dispersion Modelling
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NBDC installed the new pellet cooler and cold plasma abatement system during the
scheduled 2004/2005 Christmas / Hogmanay shutdown. The system has been operating
satisfactorily since then. In practice the odour concentration at the inlet to the new
cooler is <50,000 OUE/m3 with a reported abatement of ~ 90% efficiency. The predicted
odour from the animal feeds plant with the new cold plasma unit is plotted in Figure 4.1.

   Figure 4.1 – Odour Impact 2005                Figure 4.2 – 2005 and 2002 (scenario 3)

            
Predicted Odour Impact from NBDC – V10, Z9, & new single pellet cooler with 23m stack. In
practice the new pellet inlet concentration is <50,000 OUE/m3 with 90% removal. Figure 4.1 shows
the predicted odour impact from all sources at the NBDC Animal feeds Plant with the cold plasma
unit installed.  Figure 4.2 shows the before and after contours for the sake of comparison. Scenario
3 is based on the assumption that the emissions from the pellet coolers better dispersed, but not
otherwise abated. The predicted 1.5 OUE/m3 contour for the process now falls inside the 6 OUE/m3

contour predicted in 2002. Contours are 1.5 and 6 OUE/m3 1 hour 98%ile.

Table 6 – NBDC Edinburgh – Animal Feeds Plant -  new pellet cooler - Odour Tests - 2005
inlet OUe/m3. outlet OUe/m3. Odour abatement efficiency

12,774 1,293 90%

18,478 3,874 79%

42,770 2,020 95%

New Pellet Cooler

48,145 3,871 92%

Figure 5 – The product

MODEL UNCERTAINTY

The uncertainty in the predictions is difficult to quantify. The range of potential errors for
some model parameters are presented in Table 7 below. Dispersion models are normally
regarded as being most reliable when predicting long-term averages and less so for
shorter exposure periods such as the 98%ile. Terrain and building effects, which need to
be considered, increase the model uncertainty. Using the approach to model uncertainty
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set out by the Air Quality and Assessment Unit9, the results should be considered to be
subject to a high degree of uncertainty: the “model headroom” is low and the effects of
buildings on dispersion is significant. A detailed model sensitivity analysis was conducted
and the worst case factors used for terrain, building, meteorological data, surface
roughness and receptor height. Emission estimates were based on the average of
triplicate samples.

Table 7 Model Uncertainty Estimates – expressed as percentage
Terrain

Panorama
Terrain
Profile

Met. Data Surface
roughness

Building
effect

Receptor
Height

Sample
variance

Range 180% 210% 66% 10% 300% 50% 36%

While for the purpose of assessment, it is reasonable to use the worst case estimate, it is
apparent from these uncertainty estimates in Table 7 above that the model results are
subject to a high degree of uncertainty, but most likely conservative. These uncertainty
estimates don’t allow for process variation, or the number of calm periods (wind speed is
< 0.75m/s) which are ignored by the model.

CONCLUSIONS

This project demonstrates how odour quantification and assessment can help inform
abatement strategy and the benefits of a full engineering appraisal, rather than an end-
of-pipe solution. In the final stages of abatement kit selection, it is important to specify
inlet conditions and obtain suitable performance guarantees underwritten by equipment
suppliers. Trial the kit with the gas stream before you install. The selection of abatement
is not just about abatement efficiency. The main considerations for NBDC were suitability
for the process stream, reliability, ease of installation and operation and cost.

It takes time to measure emissions; predict the impact; prioritise the sources for
treatment; and select, install and prove appropriate equipment. The approach adopted
by NBDC is a model of good practice. They agreed the scope of the study with SEPA and
kept the regulator involved at each stage of the process. This measured, proactive
approach created enough time to investigate the problem in detail, make better
decisions and integrate the odour abatement investment with production objectives.

Measuring odour is relatively costly so it’s important to concentrate on the main issues.
This study did not consider fugitive emissions or atypical events; to do so would have
greatly increased survey costs. These emissions can be effectively controlled as part of
an odour management plan. Odour from the process is still noticeable off-site, probably
mainly the V10 emissions, although any future work should not rule out other possible
contributions such as fugitive emissions.

The approach to modelling uncertainty as proposed by the AQAMAU is generally
satisfactory, but breaks down where there is doubt about the robustness of the air
quality standard to be adopted. Current knowledge about odour and community
annoyance remains weak. Before the upgrading of the pellet coolers routine process
emissions appear to have been have been > 20 OUE/m3 1-hour 98%ile at the nearest
receptors, without causing complaint: perhaps the model predictions were too
conservative and/or the draft benchmark set too low.

While odour benchmarks are conceptually enticing and administratively convenient, it
may be some time before robust evidence based guidelines are attainable, given the
inherent uncertainties in source estimates, dispersion modelling, human response to
different odour stimuli and the complex social variables affecting community acceptance.

Dispersion modelling is a critical tool when deciding the priorities for abatement. It may
also sometimes play a useful part in BAT odour assessment for an existing process.

                                                
9 Air Quality Modelling and Assessment Unit Ji Ping Shi & Betty Ng NSCA 2002 Risk based pragmatic approach to address
model uncertainty.
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Given the uncertainty over what odour standard should be applied and other
uncertainties, public acceptance of odour may be as good a guide, or better in some
cases.


