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The Olfactometric Laboratory  
@Politecnico di Milano

ÅThe Olfactometric Laboratoryof 
Politecnico di Milano wasthe first 
olfactometric laboratory in Italy 
(founded in 1997) and is currently
the reference centre for odour
measurement and control in Italy

ÅThe lab includesall cutting - edge
technologies for odour
monitoring , besidesthe technical 
competences regarding plants & 
processes, which are needed to 
study solutions for reducing
odour impacts
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Odour pollution
ÅOdour pollution is the presence of odorants in ambient air at concentrations 

sufficient to be perceived and cause annoyance or reduced well- being. 

ÅUnlike conventional pollutants, it is defined by human perception rather than 
chemical thresholds , making it inherently difficult to measure, regulate, and 
manage.

ÅIn Europe, odours are the 2nd to local authorities.



Odour pollution

ÅThe respect of emission limits or of normal exposure limits do 
not guarantee absence of odours because of the presence of 
compounds with very low odour detection threshold.

Å Odour complaints often reflect a fear about possible health risks, 
even though this is generally not the case.

Å The odour threshold (OT) values for many compounds are much 
lower than their exposure limits (expressed as time- weighted-
average threshold limit value (TWA- TLV)), giving thatmost 
dangerous compounds can be smelled at much lower 
concentrations than those causing adverse effects on health . 
For instance, the OT for H2 Ɔ - TLV is 1 
ppm. This is however not the case for some compounds (e.g., 
benzene).



Environmental Odour Monitoring
Regulatoryframework

Europe

Composite regulatory framework

No single legislative instrument odour management integrates 
technical standards with permitting and transparency obligations. 
Significant heterogeneity across Member States in emission limits, 
receptor- based criteria and setback distances. IED 2024 and IEP- R 
2024 redefine authorisations, BAT definitions and EMS obligations.

EN 13725 τolfactometry

EN 16841 τ field inspection

IED 2024 / IEP-R 2024

Cina

GB 14554- 93 national standard

National standard in force since 1994 specifying emission limits for 8 
odour pollutants, composite odour concentration limits and site 
boundary limits for fugitive sources. Considered outdated given 
China's industrial evolution; revision has been under consideration for 
years and remains pending.

GB 14554-93

8 regulated substances

Revision pending

Japan

Offensive Odor Control Law(1972)

One of the earliest dedicated odour laws globally. Regulates 22 
specified offensive odour substances by concentration at site 
boundary. Local governments may designate regulated areas and set 
their own standards. Dual approach: chemical concentration limits and 
an odour index tied to human olfactory perception.

22 regulated substances

Odour index system

Local authority powers

United States

State and local level regulation

No federal odour regulation τ the EPA does not directly regulate odours. 
Some states set ambient dilution-to-threshold (D/T) limits measured with 
field olfactometers. States without specific rules delegate to local 
governments via nuisance ordinances. The Clean Air Act addresses air 
pollutant toxicity, not odour perception.

State D/T limits

Nuisanceordinances

Odour Control Plans
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Odour pollution IED 2010/75/EU
The Industrial Emissions Directive (IED) 2010/75/EU (2010) made odour nuisance a formal 
permit condition in Europe, directly linking it to Best Available Techniques (BAT) obligations.

1996

IPPC Dir.
96/61/EC

2010 ᵔ

IED 2010/75/EU
Odour enters BAT

2013 16

BAT Conclusions
(sector BREFs)

2022

EN 13725:2022
revised

2024+

IED recast
odour OMP

IED Scope
~50,000 large EU installations 
(energy, waste, chemicals, food, livestock) subject to 
integrated environmental permit.

BAT & Odour
BAT Conclusions explicitly require odour monitoring 
via EN 13725 and emission limit values per sector 
BREF.

Competent authorities set binding odour limits; 
operators must implement site- specific Odour 
Management Plans (OMPs).

EN 13725 Link
The IED designates dynamic olfactometry as the 
reference measurement method ouE/m³ is the 
regulatory unit.

https://eippcb.jrc.ec.europa.eu/reference

https://eippcb.jrc.ec.europa.eu/reference


IED 2010/75/EU

Each industrial activity giving rise to pollution referred to in Chapters II 
to VI can operate only if it holds a permit (Art. 4).

An application for a permit shall include a description of:

(a) the installation and its activities ;

(b) the raw and auxiliary materials , other substancesand the energy used in or generated by the installation;

(c) the sources of emissions from the installation;

(d) the conditions of the site of the installation;

(f) the nature and quantities of foreseeable emissions from the installation into eachmedium aswell as identification of significant
effects of the emissionson the environment;

(g) the proposed technology and other techniques for preventing or reducing emissions from the installation;

(h) measuresfor the prevention, preparation for re- use, recycling and recovery of waste generated by the installation;

(j) measuresplanned to monitor emissions into the environment;

(k) the main alternatives to the proposed technology , techniquesand measuresstudied by the applicant in outline.



Each industrial activity giving rise to pollution referred to in Chapters II 
to VI can operate only if it holds a permit (Art. 4).

An application for a permit shall include a description of:

(a) the installation and its activities ;

(b) the raw and auxiliary materials , other substancesand the energy used in or generated by the installation;

(c) the sources of emissions from the installation;

(d) the conditions of the site of the installation;

(f) the nature and quantities of foreseeable emissions from the installation into eachmedium aswell as identification of significant
effects of the emissionson the environment;

(g) the proposed technology and other techniques for preventing or reducing emissions from the installation;

(h) measuresfor the prevention, preparation for re- use, recycling and recovery of waste generated by the installation;

(j) measuresplanned to monitor emissions into the environment;

(k) the main alternatives to the proposed technology , techniquesand measuresstudied by the applicant in outline.

Permitsidentify Emission Limit Values (ELV) for eachpollutant that have to 
be respectedfor the different emissionsources



IED 2.0 4th August 2024

Protect health & 
environment minimise the impact 
of industrial and intensive livestock 
emissions on people and nature across 
the EU.

Stricter emission limits
tighten rules with lower emission limit 
values and more stringent conditions for 
granting derogations.

Promote innovation drive 
transformation through the most 
effective and viable emissions reduction 
techniques.



IED 2.0 4th August 2024

Protect health & 
environment minimise the impact 
of industrial and intensive livestock 
emissions on people and nature across 
the EU.

Stricter emission limits
tighten rules with lower emission limit 
values and more stringent conditions for 
granting derogations.

Promote innovation drive 
transformation through the most 
effective and viable emissions reduction 
techniques.

ÅThe IEPRreplaces the European Pollutant Releaseand Transfer
Register Regulation (E- PRTR).

Å It provides public access to key environmental data from
industrial facilities in EU Member States, Iceland, Liechtenstein,
Norway, Switzerland, Serbia and the UK through the Industrial
EmissionsPortal.

ÅAll IEDplant permits are PUBLICand can be found online!

https://industry.eea.europa.eu/

https://industry.eea.europa.eu/


IED 2.0: Directlymentioning odours as
pollutants

https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf
https://eippcb.jrc.ec.europa.eu/sites/default/files/2019-12/ROM_2018_08_20.pdf


Regulatoryapproachesin Europe

Å

Å

Å



Odour measurement
ÅIn order to devise proper strategies to manage and regulate odour pollution, 

there is the need for specific methods for odour measurement and for 
odour impact assessment 

ÅMeasuring odours is a challenging issue, as it entails the problem of 
objectifying a sensation ; different methods can be used with the purpose of 
characterizing environmental odours.

STANDARDIZED MEASUREMENT METHODS

Field inspections
EN 16841- 1/2

IOMS
Continuous real- time monitoring



Instrumental Odour Monitoring Systems

Definition
Any instrument capable of 
continuously monitoring air and 
producing an odor- related metric 
as output

They include "electronic noses", 
but also monitoring tools based 
on different operating logics (e.g. 
chemical analysers, GCs)



Å

Å
Å

Å

Å

Among instrumental approaches, IOMS is the only method capable
to provide a QUALITATIVE characterizationof odours



Å

Å Variable emissions over time (e.g. foundries, asphalt production, discontinuous or 
"countryside" processes, etc.)

Å Presence of several plants in the area, so the assessment of the olfactory impact on the 
citizen should take into account the different sources, which are not necessarily additive



IOMS: Where?

Emission Source

A. Detection

B. Classification



IOMS: Where?

ÅEmission sources
ÅContinuous estimation of the odour concentration
ÅReal-
ÅProcess control

ÅPlant fenceline
ÅContinuous characterization of ambient air in terms of quality and concentration
ÅReal- time identification of anomalous emissions associated to altered operating conditions
ÅValidation of odour events signaled at receptors by citizens or another IOMS

ÅReceptor
ÅDirect assessment of the odour impact associated 
ÅRecognition of odour provenance, in case of multiple presence of industrial activities on the 

territory 



IOMS: Where?

Å
Å
Å
Å

Å
Å
Å
Å

Å
Å
Å



IOMS Technical Requirements
for reliable field deployment

Long-term continuous 
characterization
Sustained operation over medium-to-
long monitoring periods without 
performance degradation

Stable and reproducible 
responses
Consistent sensor output over time to 
ensure comparability across 
measurement campaigns

5ŜǘŜŎǘƛƻƴ ƻŦ ŘƛƭǳǘŜŘ ƳƛȄǘǳǊŜǎ
{ŜƴǎƛǘƛǾƛǘȅ ǘƻ ƘƛƎƘƭȅ ŘƛƭǳǘŜŘ ƻŘƻǳǊ 
ǇƭǳƳŜǎΣ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƴ ǊŜŎŜǇǘƻǊπ
ōŀǎŜŘ ƳƻƴƛǘƻǊƛƴƎ ǎŎŜƴŀǊƛƻǎ

IƛƎƘ ǎŜƴǎƻǊ ǎŜƴǎƛǘƛǾƛǘȅ
!ōƛƭƛǘȅ ǘƻ ǊŜǎƻƭǾŜ ƭƻǿπŎƻƴŎŜƴǘǊŀǘƛƻƴ 
ƻŘƻǳǊ ǎƛƎƴŀƭǎ ŀƎŀƛƴǎǘ ōŀŎƪƎǊƻǳƴŘ 
ƴƻƛǎŜ

Variable atmospheric conditions
Robust outdoor installation design to 
withstand fluctuating temperature, 
humidity and weather

LƴǘŜǊŦŜǊŜƴŎŜ ŎƻƳǇŜƴǎŀǘƛƻƴ
!ŎǘƛǾŜ ŎƻǊǊŜŎǘƛƻƴ ŦƻǊ ǘŜƳǇŜǊŀǘǳǊŜ 
ŀƴŘ ƘǳƳƛŘƛǘȅ ŜŦŦŜŎǘǎ ƻƴ ǎŜƴǎƻǊ 
ǊŜǎǇƻƴǎŜ

ΗLha{ ŀǊŜ ƴƻǘ ǇƭǳƎπŀƴŘπǇƭŀȅ ƛƴǎǘǊǳƳŜƴǘǎ Η
wŜƭƛŀōƭŜ ƻǇŜǊŀǘƛƻƴ ǊŜǉǳƛǊŜǎ ŀ ŘŜŘƛŎŀǘŜŘ ǘǊŀƛƴƛƴƎ ǇƘŀǎŜ ǘƻ ōǳƛƭŘ ǎƻǳǊŎŜπǎǇŜŎƛŦƛŎ ƳƻŘŜƭǎ ŀƴŘ ŀǇǇǊƻǇǊƛŀǘŜ ƳŀŎƘƛƴŜ 

ƭŜŀǊƴƛƴƎ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ŘǊƛŦǘ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƴǘŜǊŦŜǊŜƴŎŜǎ



Plant inspection

Experimentalprotocol
from industrial processanalysesto resultsinterpretation

1
Review of technical documentation and environmental permit

Definition of odour classes Parametric dispersion modelling

3 Preparation and IOMS analysis 
of diluted odour samples

Field performance testing & monitoring

Specific field tests Real- time analysis at monitoring sites

Data analysis & reporting

Selection of monitoring sites



Plant inspection

Experimentalprotocol
from industrial processanalysesto resultsinterpretation

Analysis of the industrial process

Definition of monitoring goals and IOMS installation site
Definition of odour classes Parametric dispersion modelling

Execution of olfactometric campaign at 
main emission sources

4
Field performance testing & monitoring

Specific field tests

Interpretation of monitoring results
Actionable recommendations

Selection of monitoring sites



IOMS Odour Monitoring under new IED

Å

Å

Å

Å



Technical standards on IOMS in Europe

Á

Á

Á

Á



Technical standards on IOMS in Europe

Å quality protocols for performance testing

Å Applicable to instrumental odour monitoring in:
Å ambient air
Å ambient air at the fence line of the source installation
Å odorous gas emissions, including waste gases upstream of odorant abatement devices

Å Not applicable to:
Å direct determination of the odour concentration in ouE/m 3

Å direct monitoring of hedonic tone (or pleasantness or unpleasantness)
Å direct assessment of odour annoyance
Å the monitoring of air quality for purposes of environmental health and safety 

Å 3 types of measurements:
Å Presence/absence measurement (Type A)
Å Odour class measurement (Type B)
Å Odour quantity measurement (Type C)

ÅNo acceptability criteria are fixed (yet) !

Highlights

https://store.uni.com/en/uni-11761-2023
https://store.uni.com/en/uni-11761-2023
https://store.uni.com/en/uni-11761-2023
https://store.uni.com/en/uni-11761-2023
https://store.uni.com/en/uni-11761-2023


ÅThe P2520.1 standard defines performance 
benchmarks based on three functional 
capabilities: differentiation, identification, 
and quantification .

ÅFor each, the system is tested against defined 
chemical mixtures under varying 
environmental conditions , including changes 
in temperature and humidity, over extended 
time periods.



Case Study: 
Monitoring of odour emissions
from a wastetreatment plant



1. Contexualizationof the odour problem

hwD!bL/ Cw!/¢Lhb hC 
a¦bL/Lt![ {h[L5 ²!{¢9

улΩллл ǘƻƴκȅ

!b!9wh.L/ 5LD9{¢Lhb

BIOGAS .Lha9¢I!b9
пΦт a {Ƴоκȅ

5LD9{¢!¢9 COMPOST



1. Contexualizationof the odour problem
Authorizedemissionsin the environmentalpermit

EMISSIONS SOURCE
ABATEMENT 

SYSTEM
POLLUTANTS

E02 - E04
Emergency flare 

for biogas 
combustion

- -

E03
Buldings air 
extraction

4 scrubbers
Biofilter

Dust, Organic 
acids, mercaptans, 
NH3, H2S, odour 

and TVOC

E05 Boiler 991 kW -
NOx, CO, HCl, 
TOC, dust, SO2

Only emissionE03 biofilter has been included as odour emission to be
considered



1. Contexualizationof the odour problem
PlantInspection

Å

Å

Å

Å

Å

Inspection report with 
description of 
emission sources and 
definition of sampling 
strategy



ÅFuggitive leaks from:
ÅOrganic waste storage and 

pre- treatments sheds;
ÅPlastic storage and Compost 

maturation shed;

ÅDe- Sandblasting section;

ÅBiogas upgrading section;

Biofilter

RefinedCompost

FibrousMaterials
& Plastics

¦ǇƎǊŀŘƛƴƎ {ŜŎǘƛƻƴOrganicWaste



ÅDevelopment of a monitoring 
network at the fenceline for:
ÅReal- time assessmentof the 

odour concentration

ÅQualification of the detected
odours
ÅDefinition of an alarm threshold

for the odour concentration

Peculiarities

ÅQuantification of complex
odour emissions

ÅManagement of environmental
interferences

ÅDrift compensation



2. Definition of monitoring goals and IOMS 
installation site
Å

Plant

wŜŎŜǇǘƻǊǎ

wŜŎŜǇǘƻǊǎ

Plant



2. Definition of monitoring goals and IOMS 
installation site
ÅParametricmodelling of odour emissions

Impianto

wƛŎŜǘǘƻǊƛ

Most impacted receptors

wŜŎŜǇǘƻǊǎ

tƭŀƴǘ

Plant

IOMS 2

IOMS 1

Meteorological
station



IOMS network

Å
Å

Å

Å

Å1 Davis Instrument station
measuring:
ÅWind speed and direction

ÅTemperature, pressure and
relative humidity

ÅSolar radiation



3. IOMS training

38

Olfactometric
characterization

Sampling at emission
sources



3. IOMS training



3. IOMS training
from sensorssignalsto monitoring data

3000

13000

23000

33000

43000

53000

O
u_

e
q

Esstimateof the odour concentration over 

monitoring



IOMS 1 Lha{ н



Management of interferences

Hardware
ÅPhysicalpre- processing of gaseoussamples 

prior of the analysisto reduce/control its
moisture content
ÅNeed for complex and expensiveadditional

device for sampling

Software
ÅDevelopment of compensationmodels based

on samples moisture content

Competitive adsorption of water 
vapour and and VOCs!

Sensor

Sn Sn

OO



Management of interferences

95% 
(CI95%: 80 100%)

80.5% 
(CI95%: 73 93.5%)

Compensation 
applied

Compensation 
not applied

╡ ╪ ╪ ═z╗ ╪ ═z╗ Ễ ╪▪ ═z╗▪

Ratti et al., 2024. Real- time monitoring of odour emissions at the fencelineof a waste treatment plant by instrumental odour monitoring systems: focus on training methods. Sensors 24, 3506.



Classification accuracy

95% 
(CI95%: 80 100%)

80.5% 
(CI95%: 73 93.5%)

Compensation 
applied

Dynamic baseline compensationbased on polynomial regression:

╡ ╪ ╪ ═z╗ ╪ ═z╗ Ễ ╪▪ ═z╗▪

Å

Å



Management of interferences: new approach

Sensor responses from 
march 2024 to April 
2025 plotted as a 
function of the absolute 
humidity



Management of interferences: new approach

PROBLEM:
TIME DRIFT!!

Å

Å



Management of interferences: new approach

Possibilityto
implement a single 
regressionmodel



Management of interferences: new approach

FITTING

Dynamic baseline 
compensation

Ὢ ὥ Ὡz ᶻ ὧ

Ὢ ὥ ὃzὌ ὧ

Ὢ Ὢ ρ ύ Ὢ ύ

Ὢ Ὢ ρ ύ Ὢ ύ

ύ
ρ

ρ Ὡ



Management of interferences: new approach

RAW DATA

DATA 
PRETREATMENT

CLASSIFICATION 
MODEL

Å

Å

Å

Data processing 
pipeline



Management of interferences: new approach

RAW DATA

DATA 
PRETREATMENT

CLASSIFICATION 
MODEL

1. Dynamic baseline 
compensation with polynomial 
regression models

1. Time drift correction with OSC
2. Dynamic baseline 

compensation with 
exponential/power- law models



Management of interferences: new approach



Verification of the IOMS performance rather than hardware 
requisites by means of specific verification tests in the field 

after IOMS training for the specific monitoring

Odour 
classification



4. Field performance testing 
SAMPLING AND OLFACTROMETRIC 
CHARACTERIZATION OF SAMPLES 

INDEPENDENT FROM THE TRAINING 
SET

1
tw9t!w!¢Lhb hC {!at[9{ !¢ 

5LCC9w9b¢ /hb/9b¢w!¢Lhb [9±9[{

2

Lha{ !b![¸{L{ ¦b59w ahbL¢hwLbD 
ht9w!¢LbD /hb5L¢Lhb{

оCOMPARISON OF ODOR 
CONCENTRATIONS ESTIMATED BY E-

NOSE WITH THE ONES DETERMINED BY 
DYNAMIC OLFACTOMETRY

4

DETERMINATION OF MODEL INDICES 
ACCURACY

5



E- NOSE 1
AIR BIOGAS

ORGANIC 
ODOUR

P
R

E
D

IC
T

IO
N AIR 4 0 0

BIOGAS 0 9 0

ORGANIC 
ODOUR 0 1 15

E- NOSE 2

REFERENCE

AIR BIOGAS
ORGANIC 
ODOUR

P
R

E
D

IC
T

IO
N AIR 4 0 0

BIOGAS 0 10 1

ORGANIC 
ODOUR 0 0 19



4. Field performance testing 

╒▫▀╞■█╪╬◄▫□▄◄►◐ȟ░▪█
╒▫▀╘╞╜╢ ╒▫▀╞■█╪╬◄▫□▄◄►◐ȟ▼◊▬

Acceptable

Unacceptable



4. Field performance testing 

Parameter Value log10 Value real

Bias -0.0356 1.08

LoAupper 0.565 3.60

LoAlower -0.637 0.235

Sigma 0.302

Precision 3.92

Evaluation Criteria(EN13725:2022)

.ƛŀǎ

ρπ ρȢφτ

tǊŜŎƛǎƛƻƴ

ςίὭὫάὥσ

Bland & Altman plot



4. Field performance testing 

Parameter Value log10 Value real

Bias -0.0356 1.08

LoAupper 0.565 3.60

LoAlower -0.637 0.235

Sigma 0.302

Precision 3.92

Evaluation Criteria(EN13725:2022)

Bias

ρπ ρȢφτ

tǊŜŎƛǎƛƻƴ

ςίὭὫάὥσ

Ē IOMS estimates of odour concentration 
are comparable with results of dynamic 
olfactometry



4. Monitoring phase



4. Monitoring phase

IOMS 
monitoring 

data

Citizens
complaints

Meteo



5. Interpretationof monitoring results

ÅEvaluation of frequency of occurenceof odour eventsat the plant 
fenceline(measurementstypes A and B) over 1 year

ODOUR
7%

AIR
93%

ODOUR
11%

AIR
89%

Organic: 5.6% 
Biogas: 0.44%

Organic: 6% 
Biogas: 4.6%



Lha{ м IOMS 2

Frequent
odour events

Odour concentration estimates = 40 ς240 OU_eq Odour concentration estimates = 50 ς380 OU_eq

xx xx
CŜōǊǳŀǊȅнлнн {ŜǇǘŜƳōŜǊнлнн March 2023 February2022 September2022 March 2023

ÅEvaluation of frequency of exceedanceof odour concentration
levels (percentiles)



5. Interpretationof monitoring results

Odour event IOMS 1 IOMS 2

Date & Hour Classification
Quantification

[ouE_eq]
Classification

Quantification
[ouE_eq]

22/06/2023 07:40 Organic 167 Air -

22/06/2023 07:50 Organic 170 Air -

22/06/2023 08:00 Organic 173 Air -

22/06/2023 08:10 Organic 176 Organic 158

22/06/2023 08:20 Organic 160 Organic 170

22/06/2023 08:30 Organic 168 Organic 200



IOMS for odour monitoring: next?

Ē Integration of new compensation algorithms into new 
sensor modules including possibility of temperature 
modulation and impedance readout

Ē Accuracy of predictions, reliability, stability over time
are still critical aspects, especially in view of use within 
environmental permitting for emission monitoring

Ē High costs associated with training could be addressed 
by implementing calibration transfer strategies

Ē Standardisation and quality protocols are needed for 
their use as air quality monitoring tools

Ē There is still a lot of space for improvement ...



Take home messages

IOMS are effective tools for continuous odour monitoring, 

Ē Regulation is evolving, leading to an attractive market expansion

Ē Be careful with overoptimistic results obtained in the lab: in the field you have uncontrollable,
dirty and continuously changing conditions

Ē Work in teams with odour experts to ensure representative training (often expensive!) and 
make your technology USEFUL

Ē

Ē if you are realistic, you can be successful!



Thank you for your attention!
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