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Executive Summary

The Decision 2019/4, taken by the Executive Body in December 2019, established the scope
and content of the review of the Amended Gothenburg Protocol. The Group for the Review of
the Gothenburg Protocol (GPG) developed the document “Preparations for the review of the
Protocol to Abate Acidification, Eutrophication, and Ground-level ozone, as amended in 2012
(2020/3).”, adopted in December 2020. In the Annex I of such document, a list of questions
concerning all the aspects to be considered during the review process, is reported. In particular
the questions in section 1.6 are related to the Technical Annexes (TAs) to the AGP. In order to
answer the questions in section 1.6, in 2021 TFTEI carried out an extensive review of the TAs
and its associated Guidance Documents (GDs). The main conclusions of such review work were
included in the GPG “Draft report on the review of the Protocol to Abate Acidification,
Eutrophication and Ground-level Ozone, as amended in 2012” (ECE/EB.AIR/WG.5/2022/3 )
and, also, in the TFTEI co-chairs Report of the Task Force on Techno-economic Issues
(ECE/EB.AIR/WG.5/2022/1), both official documents for WGSR, at its 60™ session.

In the following sections, an extended and detailed report of the results regarding the
review of the TAs to the Amended Gothenburg Protocol, and its associated GDs, carried out
by TFTEI, is provided. In particular, the emission limit values (ELVs) in the existing TAs are
compared to the emission levels achievable with state-of-the art abatement technologies. The
current report in aimed at providing, a more comprehensive document with background
information regarding BATs and related ELVs and it is made available, as informal dicument
for WGSR, at its 60" session (11 - 14 April 2022).

In Table 1, the activities covered in the Annexes IV (SO ), V (NOx), X (PM) are reported,
meanwhile the activities covered in the Annexes VI (VOC from stationary sources) and XI
(solvents in products) are in Table 2 and the activities related to the Annex VIII (mobile sources)
in Table 3. All potential limit values and potential improvements through new, state-of-the art
BATs are provided in the following sections with one chapter for each annex. The tables cover
all activities in the existing Technical Annexes, limit values and potential updates. The
document is aimed at providing, an overview, to the extent possible exhaustive, to all the
Parties’ experts and representatives, in support to the discussion on the review of the
Gothenburg Protocol,

Table 1: Processes and respective ELVs listed in the annexes IV (SO3), V (NOy), X (PM)

IV: Limit values for V: Limit values for X: Limit values for emissions of particulate matter
emissions of sulphur emissions of nitrogen | from stationary sources
from stationary oxides from 1. Limit values for dust emissions from combustion
sources stationary sources plants
1. Limit values for 1. Limit values for 2. Limit values for dust emissions released from
SO CIISsIons NOx emissions mineral oil and gas refineries
from combustion released from o o
plants combustion plants 3. Limit values for dust emissions released from

o o cement production
2. Limit values for the |2. Limit values for o o .
4. Limit values for dust emissions released from lime

sulphur content of NOx emissions °
gas oil released from production
3. Limit value onshore 5. Limit values for dust emissions released from
expressed as a combustion primary iron and steel production
minimum sulphur turbnl;.es (énclu(}mg 6. Limit values for dust emissions released from iron
recovery rate of (C}()meg_ Cycle foundries
as Turbine
sul.phur recovery CCGT) 7. Limit values for dust emissions released from non-
units - ferrous metals production and processing
4. Limit values for 3. Limit values for o o
: SO. emissi NOX emissions 8. Limit values for dust emissions released from glass
emissions .
i released from production
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cement clinker
production

released from
titanium dioxide

production 4. Limit values for

NOx emissions
released from new
stationary engines

5. Limit values for
NOx emissions
released from iron
ore sinter plants

6. Limit values for
NOx emissions
from nitric acid
production
excluding acid
concentration units

10.

11.

12.

13.

Limit values for dust emissions released from pulp
production

Limit values for dust emissions released from waste
incineration

Limit values for dust emissions released from
titanium dioxide production

Recommended limit values for dust emissions
released from new solid fuel combustion installations
with a rated thermal input < 500 kWth to be used
with product standards

Recommended limit values for dust emissions
released from boilers and process heaters with a
rated thermal input of 100 kWth—1 MWth

. Recommended limit values for dust emissions

released from boilers and process heaters with a
rated thermal input of 1 MWth—-50 MWth

Table 2: Processes and respective ELVs listed in the annexes VI (VOC from stationary sources)
and XI (VOC content of products)

VI: Limit values for emissions of volatile organic
compounds from stationary sources

1. Limit values for VOC emissions from storage
and distribution of petrol, excluding the loading
of seagoing ships (stage I)

2. Limit values for VOC emissions for car
refueling at service station (stage 1)

Limit values for adhesive coating
4. Limit values for wood and plastic lamination

Limit values for coating activities in the vehicle
industry

6. Limit values for coating activities in various
industrial sectors

7. Limit values for leather and winding wire
coating

Limit values for coil coating
Limit values for dry cleaning

10. Limit values for manufacturing of coatings,

varnishes, inks and adhesives
11.
12.

Limit values for printing activities

Limit values for manufacturing of
pharmaceutical products

13. Limit values for conversion of natural or

synthetic rubber
14.
15.

Limit values for surface cleaning

Limit values for extraction of vegetable and
animal fat and refining of vegetable oil

16. Limit values for impregnation of wood

XI: Limit values for volatile organic compounds
content of products

Maximum VOC content for paints and varnishes

2. Maximum VOC for vehicle refinishing products

Table 3: Processes and respective ELVs listed in the annex VIII (fuels and mobile sources)

VIII: Limit values for fuels and new mobile sources
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Limit values for passenger cars and light-duty vehicles
Limit values for heavy-duty vehicles steady-state cycle load-response tests

Limit values for heavy-duty vehicles — transient cycle tests

el .

Limit values for diesel engines for non-road mobile machines, agricultural and forestry tractors
(stage I1IB)

5. Limit values for diesel engines for non-road mobile machines, agricultural and forestry tractors (stage IV)
6. Limit values for spark-ignition engines for non-road mobile machines

7. Limit values for engines used for propulsion of locomotives

8. Limit values for engines used for propulsion of railcars

9. Limit values for engines for propulsion of inland waterways vessels

10. Limit values for engines in recreational crafts

11. Limit values for motorcycles (> 50 cm? ; > 45 km/h)

12. Limit values for mopeds (< 50 cm?® ; < 45 km/h)

13. Environmental specifications for marketed fuels to be used for vehicles equipped with positive-ignition
engines

14. Environmental specifications for marketed fuels to be used for vehicles equipped with compression-
ignition engines

1. Introduction

The rationale behind the proposal of potential updating of the limit values from Annex IV (limit
values for emissions of sulphur from stationary sources), Annex V (limit values for emissions
of NOy from stationary sources), Annex VI (limit values for emissions of VOC from stationary
sources), Annex X (limit values for emissions of particulate matter from stationary sources) and
Annex XI (solvents in products) are provided in the following chapters. All the processes have
been examined and information is provided for potential updatable limit values (ELVs). An
“Update Index” (1-3), has been defined to express the level of update which can be potentially
introduced in the technical annexes, according to the results of the research carried out by the
TFTEI Technical Scientific Secretariat, on the available technologies (1 is high level of update,
3 means no update available/possible). ELVs and the related information on BATs, for emission
abatement, are provided in this technical document.

A second informal document will follow shortly focused on mobile sources, as in the Technical
Annex VIII.

2. Short description of techniques covered in the
assessment

In order to abate pollutant emissions from stationary and mobile sources, some reduction
techniques can be implemented depending on the installation operations, characteristics, size,
products used and other specific conditions.

The pollutant abatement methods can act on reducing the emissions of either one or several
substances, simultaneously. In addition, some techniques can tackle one specific substance
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emissions meanwhile increasing the emissions of another compound due to the use of a specific
process or product (e.g., NH3; emissions increase while using ammonia or urea solutions, in
abatements devices).

Pollutant reduction techniques are usually distinguished in two categories: primary techniques,
which consist of acting directly on the process or the fuels used, and secondary techniques
which consist of the treatment of exhaust gases.

General techniques can decrease simultaneously all the emissions of pollutant such as the
process or combustion modification and optimization, the use of advanced control and
monitoring system or other energy efficiency techniques such as flue-gas condenser or a
management system to recycle the process gases (e.g., iron and steel process gases or refinery

gas).

2.1. Sulphur oxides reduction techniques for stationary sources
2.1.1. Primary techniques

=  Sulphur content of fuels:

The SO; emissions from the combustion of fuels are directly related to their sulphur content.
Therefore, switching to low sulphur fuels such as distillate oils, natural gas or LPG or any very
low content fuels, can enable to reduce SO, emissions.

2.1.2. Secondary techniques

= Boiler sorbent injection:

This technique consists of injecting dry alkaline sorbent or adding magnesium- or calcium-
based solution into the combustion chamber or process furnace so that it reacts with and
neutralizes SO> in the fluidized bed or exhaust gas. It is often combined with dust abatement
techniques.

=  Duct sorbent injection (DSI):

This method is similar to boiler sorbent injection but the sorbent, which can be sodium
bicarbonate or hydrated lime or other alkaline sorbents, is injected directly into the exhaust duct
and reacts with the acid gases. The solid reaction product is then removed through dust
abatement technologies.

=  Sprav dry absorber (SDA):

In a similar way as DSI, a suspension or solution of alkaline agent is dispersed into the exhaust
gas stream in order to neutralize SO2 emissions and form solid compounds which are treated
by dust removal techniques. The SO, removal efficiency is larger than in DSI.

=  Circulating fluidised bed (CFB) drv scrubber:

This technology consists of making the SO»-rich flue gas flows through the CFB dry scrubber,
in the form of a Venturi scrubber, where water and a solid sorbent are injected separately to
tackle the SO, emissions.

=  Seawater scrubber:

This technique consists of making the exhaust gas flows through the scrubber where seawater
is sprayed to capture and absorb the acidic compounds thanks to its alkalinity. This technique
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can also remove the solid compounds present in the flue-gas, decreasing simultaneously the
particle matter. The wastewater resulting from this operation is then treated separately.

=  Wet scrubber/flue-gas desulphurisation (FGD):

This technology is the same as seawater scrubber but, instead of seawater, an alkaline solution
is used. At the same residence time and reagent consumption, this technology has a higher
removal efficiency than seawater scrubbing.

2.2. Nitrogen oxides reduction techniques for stationary sources
2.2.1. Primary techniques

= Combustion optimization:

Optimizing the combustion process through measures to maximise energy efficiency, by setting
properly the combustion temperature, the air intake or the residence time, can improve the
emissions of pollutants such as NOx.

= Air staging:
This technique consists of optimising the fuel combustion by creating two combustion zones
with different oxygen contents (one with air deficiency and the other with excess).

= Fuel staging:

Similarly to air staging, several combustion zones are created through different fuel injection
points and flows in order to decrease the flame temperature, hence the thermal NOx formation.

=  Flue-gas/Exhaust gas recirculation (FGR/EGR):

This technique consists of recycling part of the exhaust gas and making it flow back through
the combustion chamber, after cleaning it from dust and acid gases to prevent the engine
corrosion and clogging, in order to reduce the combustion temperature and oxygen content, and
therefore the NOx generation.

=  Low-NOx burners:

Low-NOx burner principle is to mix the air and fuel before injecting it into the combustion
chamber so that it decreases the oxygen availability and peak flame temperature. This technique
enables to maintain the energy efficiency and increase the heat transfer meanwhile reducing
NOx formation.

Ultra-low NOx burner technology consists of combining LNB with air staging and FGR.

=  Water/steam addition:

Water or steam can be used as diluent in order to decrease the combustion temperature and NOx
formation. Water or steam can be directly injected into the combustion chamber or premixed
with the fuel before (e.g., emulsion or humidification).

= Lean-burn concept:

This technique is applicable only to engines and consists of controlling the peak flame
temperature through the decrease of the fuel-to-air ratio in order to reduce the thermal NOx
generation.

2.2.2. Secondary techniques

= Selective non-catalytic reduction (SNCR):
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SNCR technology consists of injecting urea or an ammonia solution at high temperatures (about
800-1000°C for optimal reaction) into the exhaust duct so that the NOx compounds present in
the flue-gas are reduced to nitrogen via the chemical reaction, without catalyst. As ammonia
solution is used as a reductive agent, there is a risk of slip which could induce NH3 emissions.

= Selective catalytic reduction (SCR):

SCR is the same technique as SNCR but, in addition, the chemical reaction occurs in presence
of a catalyst. The optimum operating temperatures are lower than SNCR and range from 300 to
450 °C. This technology is more efficient than SNCR and a higher efficiency can be obtained
with a larger number of catalyst layers.

2.3. Dust reduction techniques for stationary sources

2.3.1. Primary techniques

Some primary techniques exist to reduce dust emissions but consist mostly in burning cleaner
fuels or burning a lower amount of fuel.

=  Fuel choice:

Using fuels with a low ash or metal content such as natural gas or distillate fuels is a great
means to minimize particulate matter (PM) emissions.

= Combustion optimization:

Optimizing the combustion process and maximising the energy efficiency imply lower PM
emissions.

2.3.2. Secondary techniques

The best means to reduce significantly PM emissions are technologies which treat the dust-
rich flue-gas such as:

=  Multicyclones:

In multicyclones, particles are separated from the flue-gas through centrifugal force in one or
several chambers.

= Electrostatic precipitator (ESP):

ESP filters consist first of charging electrically the particles in the flue-gas so that they can be
removed while passing through the electrical field. The removal efficiency varies depending on
the number of electrical fields, the residence time and the catalyst properties. For most recent
technologies, the number of electrical fields ranges from 2 to 7.

= Baghouse/Fabric filter:

Baghouse/fabric filters are porous ceramic or felted fabric substrates on which particles get
trapped while the exhaust gas flow through it. The filtering material used must be chosen
appropriately depending on the flow-gas characteristics and operating temperature ranges to
prevent the corrosion and wear of the filter. A means to clear the particles and soot accumulating
at the filter surface is required as well in order to maintain the removal efficiency.

In addition, most of the exhaust-gas techniques aimed to tackle SO> emissions can benefit
simultaneously to PM emissions: boiler sorbent injection, duct sorbent injection, spray dry
absorber, circulating fluidised bed scrubber, or seawater or wet FGD.
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3. Annex IV: limit values for emissions of sulphur from
stationary sources

3.1.Limit values for SO: emissions released from combustion plants

In the Amended Gothenburg Protocol (AGP) [1], combustion plants are defined as installations
with a rated thermal power input capacity higher than 50 MWth. The rated thermal input of the
combustion plant is calculated as the sum of the input of all units connected to a common stack.
Individual units below 15 MWth shall not be considered when calculating the total rated thermal
input (ELV are applied to all unit even those bellow 15 MWth).

The following table summarizes the assessment of the current emission limit values (ELVs)
given in the AGP, the potential technologies applicable to achieve similar or lower levels and
their applicability in this sector, as well as potential updates of the ELVs for consideration in
the review of the AGP.

In the light of the current regulations, this analysis is presented per pollutant, fuel type, thermal
input power range and installation status (new or existing). For the latter, a “new” stationary
source is considered as an installation for which construction or modification initiated before
the expiry of one year from the date of entry into force for a Party.

After this summary table, a more-detailed assessment of each of the following ELV and their
potential update is given.

Table 4: Table 1, Annex IV, proposal of potential updates of limit values for emissions of sulphur
from combustion plants

Pag. | Reference and update Potential Description Potential Potential ELVs
Index update Applicability
(%)
37-
38 Table 1:
Limit values for SO,
emissions released
from combustion plants
Coal, lignite and Coal, lignite and
other solid fuels: other solid fuels:
Combustion plant with . . Combustion plant
a thermal input Upgraded The means to achieve the associated Almost 100 %. with a thermal
. current environmental levels is the P
W abatement application of one or a combination of Some ll.mltatlons % d
- techniques are the following techniques /1//3]: may e,XISt for 100 MW (as dai (as dail
New and existing available . . FGD if: average) [2113]-
plants: - boiler sorbent injection average) [2][3]:
- duct sorbent injection (DSI) - the plant New plant:
400 mg/m? at 6 % O, - spray dry absorber (SDA) operates less 170-2[)20 m 3
[Update Index 1] - circulating fluidised bed (CFB) dry than 500 hours t6% 0 &
scrubber per year, R
- wet scrubbing -1tis foy Existing plant:
- wet flue-gas desulphurisation (FGD) ret.rolﬁttmg on 170-400 mg/m*
- seawater FGD existing . at 6 % O,
combustion
plant operating
Combustion plant with less than 1,500 .
a thermal input hours per year, Combustion plant
capacity between 100 - the combustion | Wit thermal
and 300 MW: plant is less than | YUt capacity
300 MW, there between 100 anq’
New plant}s: , may be technical 300 MW (as daily
200 mg/m’ at 6 % O, and economic average)[2][3]:
[Update Index 2] restrictions
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Pag. | Reference and update Potential Description Potential Potential ELVs
Index update Applicability
(%)

Existing plants: New plants:

250 mg/m? at 6 % O, 135-200 mg/m’®

[Update Index 2] at6 % O,
Existing plants:
135-220 mg/m’®
at6 % O,
(the upper value
of the range is
250 mg/m® at 6
% O, if plant put
into operation no
later than 7
January 2014)

Combustion plant with

a thermal input Combustion plant

capacity exceeding 300 with a thermal

MW: input capacity

o exceeding 300

New plants: MW (as daily

150 mg/m’ at 6 % O, average) [2][3]:

(200 mg/m® at 6 % O, i

if fluidised bed boiler) PC boilers:

[Update Index 1] New plants:
25-110 mg/m? at

Existing plants: 6% O,

200 mg/m® at 6 % O, Existing plants:

[Update Index 1] 25-165 mg/m? at
6% O,
(the upper value
of the range is
205 mg/m® at 6
% O, if plant put
into operation no
later than 7
January 2014)
Fluidised bed
boilers:
New plants:
25-110 mg/m’ at
6% O,
Existing plants:
50-220 mg/m? at
6% O,

Solid biomass and Solid biomass

peat: and peat:

Combustion plant with . .

4 thermal input Upgraded The means to achieve the associated Almost 100 %.

- current environmental levels is the o Combustion plant
% abatement application of one or a combination of Some ll.mltfatlons with a thermal
and existine plants: techniques are the following techniques /2//3]: may e,X.lSt or input capacity

available . L FGD if: between 50 and
Peat: - boiler sorbenF 1p]egt10n ~ the plant 100 MW as dail
300 mg/m” at 6 % O, - duct sorbent injection (DSI) operates less average) [2][3]:
[Update Index 1] - spray dr_y abso_rb_er (SDA) IE) b
- circulating fluidised bed (CFB) dry than 500 hours New plant:
Biomass: scrubber per year, 30-175 mg/m® at
200 mg/m® at 6 % O, - wet scrubbing -itis for 6% O,
[Update Index 1] - flue gas condenser ret_roﬁttmg on .
- wet flue-gas desulphurisation (FGD) | €X1Stng Existing plant:
combustion 30-215 mg/m® at

Combustion plant with

a thermal input

capacity between 100
and 300 MW — New

and existing plants:

plant operating
less than 1,500
hours per year,
there may be
technical and
economic
restrictions

6 % O,

Combustion plant
with a thermal

input capacity
between 100 and

300 MW as daily
average) [2][3]:
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Pag. | Reference and update Potential Description Potential Potential ELVs
Index update Applicability
(%)
Peat: New plant:
300 mg/m? at 6 % O, 20-85 mg/m’ at 6
[Update Index 1] % O,
Biomass: Existing plant:
200 mg/m? at 6 % O, 20-175 mg/m? at
[Update Index 1] 6 % O,
(the upper value
of the range is
215 mg/m® if
average sulphur
content of fuel is
0.1 wt% or
higher)
Combustion plant with Combustion plant
a thermal input with a thermal
capacity exceeding 300 input capacity
MW: exceeding 300
T MW (as daily
New plants: average) [2][3]:
Peat: New plant:
150 mg/m’ at 6 % O, 20-70 mg/m® at 6
(200 mg/m® at 6 % O, % O,
if fluidised bed boiler)
[Update Index 1]
Biomass:
150 mg/m’ at 6 % O, Existing plant:
Update Index 1] 20-85 mg/m’ at 6
Existing plants: % O,
(the upper value
Peat: of the range is
200 mg/m® at 6 % O, 165 mg/m® if
[Update Index 1] average sulphur
Biomass: contenﬂt of fuel is
200 mg/m’ at 6 % O, gtl W% or
igher, or 215
[Update Index 1] mg/m’ if, in
addition, the
plant is put into
operation no later
than 7 January
2014 or is FBC
boiler burning
peat)
Liquid fuels: Liquid fuels:
Combustion plant with | Upgraded The means to achieve the associated Almost 100 %, Combustion plant
a thermal input current environmental levels is the except FGD for with a thermal
capacity between 50 abatement application of one or a combination of | plants operating input capacity
and 100 MW — New techniques are the following techniques /2//3]: less than 500 between 50 and
and existing plants: available L hours per year. 100 MW — New
- duct sorbent injection (DSI) T and existin
350 mg/m? at 3 % O, - spray dry absorber (SDA) Some limitations lants (as dail
[Update Index 1] - flue-gas condenser o may e}(lst for average) [2][3]:
- wet flue-gas desulphurisation (FGD) | FGD if:
- seawater FGD . 150-200 mg/m?
-itis folr at 3 % O,
retrofitting on
Combustion plant with existing Combustion plant
combustion with a thermal

a thermal input

capacity between 100
and 300 MW:

New plant:
200 mg/m? at 3 % O,
[Update Index 2]

Existing plant:
250 mg/m? at 3 % O,
[Update Index 1]

plant operating
less than 1,500
hours per year,

- the combustion
plant is less than
300 MWy, there
may be technical
and economic
restrictions.

input capacity
between 100 and

300 MW

New and existing
plants (as daily
average) [2][3]:

150-200 mg/m?
at3 % O,
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Pag. | Reference and update Potential Description Potential Potential ELVs
Index update Applicability
(%)

Combustion plant with
a thermal input
capacity exceeding 300
Mw:

New plant:
150 mg/m’ at 3 % O,
[Update Index 1]

Existing plants:
200 mg/m® at 3 % O,
[Update Index 1]

Combustion plant
with a thermal
input capacity
exceeding 300

MW (as daily
average) [2][3]:

New plant:
50-120 mg/m? at
3% 0,

Existing plants:
150-165 mg/m?
at3 % O,

(the upper value
of the range is
175 mg/m® if the
plant is put into
operation no later
than 7 January
2014)

Combustion plant
in refineries
Existing and new
plants (as
monthly average)
7]

Multi-fuel fired
combustion units
in refineries:
35-600 mg/m® at
3% 0,

Gaseous fuels:

Combustion plant with
a thermal input

capacity exceeding 50
MW — New and

existing plants:

Gaseous fuels in
general:

35 mg/m’ at 3 % O,
[Update Index 3]

Liquefied gas:
5 mg/m* at 3 % O,
[Update Index 3]

Iron and steel process
gas

Coke oven gas:
400 mg/m? at 3 % O,
[Update Index 1]

Blast furnace gas:
200 mg/m® at 3 % O,
[Update Index 2]

For iron and
steel process
gases only:
Upgraded
current
abatement
techniques are
available

For iron and steel process gases only
[1][3]:

The means to achieve the associated
environmental levels is the
application of one or a combination of
the following techniques:

- process gas management system and
auxiliary fuel choice (use low sulphur
content auxiliary fuels),

- desulphurisation by absorption
systems,

- wet oxidative desulphurisation

For iron and
steel process
gases only:

Desulphurisation
by absorption
and wet
oxidative
desulphurisation
are only
applicable to
cove-oven gas
combustion
plants.

Gaseous fuels:

Combustion plant
with a thermal
input capacity
exceeding 50 MW
New and existing
plants:

ITron and steel
process gas
[2][3]: (as daily
average):

new and existing
installations
50-200 mg/m? at
3% 0,

(the upper value
of the range is
300 mg/m® at 3
% O, if a high
share of coke
oven gas is
present in the
fuel mix used)
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existing plant:
800 mg/m® at 3 % O,
[Update Index 1]

Pag. | Reference and update Potential Description Potential Potential ELVs
Index update Applicability
(%)
Gasified refinery
residues . .
Combustion units
new plant: in refineries:
35 mg/m* at 3 % O, Refinery fuel gas
[Update Index 2] [37](as monthly
average):

New and existing
units:

5-35 mg/m* at 3
% O,

Multi fired
combustion units
(except gas
turbines and
stationary
engines)

New or existing
plants:

35-600 mg/m? at
3% 0,

Chemical industry

process fuels:
[Update Index 1] for

boilers in the chemical
industry; no distinction

Chemical
industry process
fuels

New and existing
plants operating
more than 500
hours per year
[2][3]: (as daily
average):

90-200 mg/m? at

3% 0O,

3.1.1. Coal, lignite and other solid fuels:

For combustion plants burning coal-type solid fuels, the emission limit values for SO, from the
AGP [1] depending on the plant status (new or existing) and the rated thermal power range,
expressed at 6% O and as monthly averages, are as in the following:

Table 5: Emission limit values of SO, for coal-type solid fuels from the AGP, expressed as

ELV of SO; for coal-type solid
fuels (in mg/Nm’ at 6% O,)

Thermal input capacity New plant Existing plant
50-100 MW 400 400
100-300 MW 200 250
Higher than 300 MW }50 . 200

(200 if FBC)

*: fluidised bed combustion boilers

monthly averages at 6% O in mg/Nm?, depending on the thermal input capacity [1]
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In the European Best Available Techniques (BAT) Conclusions for large combustion plants
(LCP, which are defined as combustion plants in the AGP) [3], the BAT associated
environmental levels (AELs) for LCP burning coal or lignite, expressed as daily averages at 6%
O», are as in the following:

Table 6: BAT AELSs of SO; for coal or lignite from the LCP BAT Conclusions, expressed as daily

averages at 6% O; in mg/Nm?®, depending on the thermal input capacity [3]

BAT AEL of SO, for coal-type
solid fuels (in mg/Nm? at 6% O>)

Thermal input capacity New plant Existing plant
50-100 MW 170-220 170-400
100-300 MW 135-200 135-220!
Higher than 300 MW 25-110 25-165 .ifPC*,
50-220 if FBC

11 250 mg/Nm? if put into operation no later than Jan. 2014

: pulverised combustion boilers

In the US regulation, “Subpart Da — Standards of performance for Electric Utility Steam
Generating Units” [32], the emission limit values are given per energy input or output but
converting them given the approximative thermal efficiencies of the combustion plants and
taking the stoichiometric dry flue-gas volumes given in the BREF document on LCP [2], the
SO, ELV for LCP > 73 MWth burning solid fuels range from about 133 to 184 mg/Nm? at 6%
O, on a monthly average basis, depending on the date of construction or modification of the
plant.

In the Chinese regulation, “Emissions standards of air pollutant for thermal power plants” [33],
the ELV of SO, for all LCP burning solid fuels are of 100 mg/Nm? for new facilities and 200
mg/Nm?® for existing ones, at 6% O». For specific key regions, which are more sensitive to
atmospheric pollution and its impact, the emission limit value is set at 50 mg/Nm® for both
existing and new plants [33]. However, in the available documents in English language, it is
not stated if the ELV are daily, monthly or annual averages.

Another Chinese programme has introduced “ultra-low emission (ULE) standards” for coal-
fired thermal power plants (TPP) which imposes an ELV for SO, at 35 mg/Nm? [51], starting
from 2015 onwards for new units and 80 % of the total coal-fired capacity must comply with it
by 2030.

In the Indian regulation “Emission standards of air pollutant for thermal power plants” [34], the
SO, ELV applied are of 600 mg/Nm? for TPP with a rated thermal input power lower than 500
MWth and 200 mg/Nm? if > 500 MW, if installed in the period of 2004-2016, and of 100
mg/Nm3 for all sizes of TPP installed in 2017 and afterwards, at 6% O,. However, as for
Chinese regulation, no mention is made if the ELV are daily, monthly or annual averages.

The aforementioned emission levels can be respected through the application of one or a
combination of the following techniques [2][3]: boiler sorbent injection, duct sorbent injection
(DSI), spray dry absorber (SDA), circulating fluidised bed (CFB) dry scrubber, or wet scrubber.
The potential applicability of these techniques is of almost 100%. Wet flue-gas desulphurization
(FGD) implementation on existing plants (i.e., retrofitting) or on installations <300 MWth may
rise some technical and economic limitations.
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It needs to be noted that the dimensioning of the flue-gas treatment unit as well as the residence
time of the flue-gas (i.e., the treatment duration), and the reagent consumption can be primordial
in order to achieve lower emission levels for one specific reduction technique.

In the literature, one study reports that the mean SO> concentration achieved for the whole
Chinese coal-fired TPP capacity was of 35.3 mg/Nm® in December 2017, following the
introduction of the ultra-low emission standard programme [51]. In order to achieve such a low
emission level, old and small TPP have been shut down meanwhile new, larger ones were built
and equipped with pollution control techniques, and some old existing plants were retrofitted
with mitigation techniques. Almost the whole Chinese coal TPP capacity is equipped with SO
removal systems which they operate more than 97% of the time: 88% with limestone wet FGD,
5% with dry scrubbers, 2.5% with seawater scrubbers and the rest with ammonia absorption
[51]. From 2015 to the end 0f 2017, 96 GW of coal-fired capacity has been built with an average
stack concentration of 27.3 mg/Nm?®. Between 2014 and 2017, thanks to the implementation of
this ULE standards, the monthly emission factor of Chinese PP declined by more than 75% as
shown in Figure 1 [51].
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Figure 1: Evolution of the mean SO; concentration of the whole Chinese coal power plant capacity
between 2014 and 2017 [51]

Among the manufacturers of SO, removal techniques, several reference cases reveal that
similar or lower emission levels than the BAT AEL are achievable:

e LAB/CNIM dry FGD system with hydrated lime for Solvay Tavaux (France) which has
a 134 MWth coal boiler: SO concentration from 500-2,000 to 150 mg/Nm? [52];

e LAB/CNIM wet FGD technology with lime slurry preparation for Albioma Le Gol (La
Réunion, France) which has a 122 MWth plant burning bagasse and coal: SO>
concentration from 600-2,000 to 200 mg/Nm? [52];
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e SOLVAiIr DSI technology with sodium bicarbonate [53]: for Solvay soda ash plant
(Spain) industrial coal boiler, decreased SO concentration from 800 to 190 mg/Nm?;

for coal steam boiler of 50 MWth in France, brought the SO, flue-gas concentration
from 1,700 to 400 mg/Nm?>.

e SOLVAIr dry injection of sodium bicarbonate sorbents technique has also been revealed
to have significant removal efficiencies on other installations [54]: a mixed biomass and
coal fired plant in France decreased its exhaust concentration from 900 to 200 mg/Nm?;
three coal-fired TPP in Czech Republic achieved SO» concentrations of about 320
mg/Nm?®; two US power plants (respectively of 660 and 1,300 MWe) brought down
their flue-gas concentrations to 130 and 140 mg/Nm?, respectively.

According to SOLVAIr, their DSI technology with its sorbents can be designed to meet SO>
flue-gas concentrations as low as 15 mg/Nm?® with an electrostatic precipitator (ESP) and 3
mg/Nm® with a baghouse filter [53][54], at dry conditions and 6% O,. In addition, their
technology is said to have the advantage of being less energy-consuming and the initial
investment is five times cheaper compared to wet scrubber, although the sorbent consumption
is about 20% higher than for wet scrubber [55].

These examples from the literature survey show that achieving the BAT AEL is possible using
the right reduction techniques. The correct dimensioning is essential.

Moreover, in the framework of the development of the LCP BREF [2], a benchmark on EU
plants was realized and the proposed BAT AEL are in accordance with the observed emission
levels.

Therefore, based on the assessment carried out in the EU for the development of the BAT
Conclusions [3], the proposal of potential updates of current ELVs, expressed as daily averages
at 6% O3, are as in the following:

Table 7: Proposal of potential updates in ELVs for SO; emissions from combustion of coal-type
solid fuels, expressed as daily averages at 6% O; in mg/Nm?, as well as estimated corresponding
monthly averages and update indexes

Potential SOz ELV — daily Est. equivalent monthly Undate Tndex
(in mg/Nm® at 6% O>) averages (mg/Nm® 6% O2) P
Therrpal input New Existing New Existing New Existing
capacity
50-100 MW 170-220 170-400 159-209 159-378 1 2
100-300 MW 135-200 135-220! 105-173 113-209 2 2
>300 MW 25-165 if PC”, 17-146 (PC)
25-110 50-220 if FBC 17-91 34-198 (FBC) ! !

I: 250 mg/Nm? if put into operation no later than Jan. 2014
*: pulverised combustion boilers

The equivalent monthly averages are estimated based on a report [35] which investigate the
correspondences between daily, monthly and yearly averages, in particular in the framework of
compliance with both IED ELV and LCP BAT AEL. In this report, monthly averages can be
estimated according to the following equation:

monthly BAT AEL = 0.45 = daily BAT AEL + 0.55 * yearly BAT AEL

The equivalent monthly averages given in Table 7 and the following tables are all estimated
based on this formula.
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3.1.2. Solid biomass and peat

For combustion plants burning solid biomass or peat, the emission limit values for SO> from
the AGP [1] depending on the plant status (new or existing) and the rated thermal power range,
expressed at 6% O and as monthly averages, are as in the following:

Table 8: Emission limit values of SO; for solid biomass or peat from the AGP, expressed as
monthly averages at 6% O in mg/Nm?, depending on the thermal input capacity

ELV of SO; (in mg/Nm? at 6% O2)
Solid biomass Peat
Thermal input capacity | New plant | Existing plant | New plant | Existing plant
50-100 MW 200 200 300 300
100-300 MW 200 200 300 300
Higher than 300 MW 150 200 (200 %fsch*) 200

*: fluidised bed combustion boilers

In the European BAT conclusions for LCP [3], the BAT AEL for LCP burning solid biomass
or peat, expressed as daily averages at 6% O, are as in the following:

Table 9: BAT AEL of SO, for solid biomass or peat from the LCP BAT Conclusions, expressed
as daily averages at 6% O in mg/Nm?®, depending on the thermal input capacity [3]

BAT AEL of SO, for biomass or
peat (in mg/Nm? at 6% O2)
Thermal input capacity New plant Existing plant
50-100 MW 30-175 30-215
100-300 MW 20-85 20-175'
Higher than 300 MW 20-70 20-85°

1: 20-215 if average sulphur content higher than 0.1 wt%

2: 20-165 if average sulphur content higher than 0.1 wt% and
20-215 if, in addition, put into operation before January 2014
or FBC burning peat

The sulphur content of wood is known to be very low, making SO, emissions from its
combustion not a great matter of importance. For instance, in France, the sulphur content of
natural wood is assumed to be lower than 0.01 % per weight (wt%). However, some solid
biomass wastes may have a higher sulphur content, leading to not negligible emission levels.

In foreign regulations, SO> emissions from solid biomass are not seemed to be a specific matter
of concern and no mention is made about it. Therefore, it can be supposed that solid biomass is
included in the solid fuel category and the ELV given in the chapter 3.1.1 can be considered.
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These environmental levels can be respected through the application of the same reducing
techniques as for coal-type solid fuels [2][3], and their potential applicability is of almost 100%
as well.

As for coal fuels, the dimension of the reduction unit, the residence time of the flue-gas in this
reduction unit and the reagent consumption can be essential to achieve lower emission levels.

Among the manufacturers of SO removal techniques, several study cases showed that similar
or lower emission levels than the BAT AEL are achievable for plants burning biomass:

e [LAB/CNIM wet FGD technology with lime slurry preparation for Albioma Le Gol (La
Réunion, France) which has a 122 MWth plant burning bagasse and coal: SO>
concentration from 600-2,000 to 200 mg/Nm? [52];

e SOLVAir DSI technology [54] brought down the exhaust concentration of a mixed
biomass and coal fired plant in France from 900 to 200 mg/Nm?.

In addition, in the framework of the development of the LCP BREF [2], a benchmark on EU
plants has been realized and the proposed BAT AEL are in accordance with the observed
emission levels.

Therefore, based on the assessment carried out in the EU for the development of the BAT
Conclusions [3], the Proposal of potential updates of current ELV, expressed as daily averages
at 6% O3, are as in the following:

Table 10: Proposal of potential updates in ELV for SO, emissions from combustion of solid
biomass and peat, expressed as daily averages at 6% O; in mg/Nm?, as well as estimated
corresponding monthly averages and update indexes

Potential SOz ELV - daily Est. equivalent monthly Undate Tndex
(in mg/Nm® at 6% O>) averages (mg/Nm’ 6% O2) P
Therrpal input New Existing New Existing New Existing
capacity
50-100 MW 30-175 30-215 22-117 22-152 1 1
100-300 MW 20-85 20-175! 15-66 15-117 1 1
> 300 MW 20-70 20-852 15-51 15-66 1 1

1: 20-215 if average sulphur content higher than 0.1 wt%
2: 20-165 if average sulphur content higher than 0.1 wt% and 20-215 if, in addition, put into operation
before January 2014 or FBC burning peat

The estimation of equivalent monthly averages, from daily and yearly averages, is based on

[35] and is explained at the end of the Chapter 3.1.1.

3.1.3. Liquid fuels

For combustion plants burning liquid fuels, the ELV for SO, from the AGP [1] depending on
the plant status (new or existing) and the rated thermal power range, expressed at 3% O; and as
monthly averages, are as in the following:
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Table 11: Emission limit values of SO, for liquid fuels, from the AGP, expressed as monthly
averages at 3% O, in mg/Nm?®, depending on the thermal input capacity

ELV of SOz (in mg/Nm? at
3% O»)
Thermal input capacity New plant | Existing plant
50-100 MW 350 350
100-300 MW 200 250
Higher than 300 MW 150 200

In the European BAT conclusions for LCP [3], the BAT AEL for LCP burning liquid fuels,
expressed as daily averages at 3% Oo, are as in the following:

Table 12: BAT AEL of SO; for liquid fuels from the LCP BAT Conclusions, expressed as daily
averages at 3% O; in mg/Nm?, depending on the thermal input capacity [3]

BAT AEL of SO; for liquid
fuels
(in mg/Nm® at 6% O>)
Thermal input capacity New plant Existing plant
50-100 MW 150-200 150-200
100-300 MW 150-200 150-200
Higher than 300 MW 50-120 150-165!

1: 150-175 mg/Nm? if put into operation no later than Jan. 2014

In the US regulation [32], the emission limit values are given per energy input or output but
converting them given the approximative yields of the combustion plants and taking the
stoichiometric dry flue-gas volumes given in the BREF document on LCP [1], the SO, ELV for
LCP > 73 MWth burning liquid fuels range from about 164 to 226 mg/Nm?> at 3% O, on a
monthly average basis, depending on the date of construction or modification of the plant.

In the Chinese regulation [33], the ELV of SO, for all LCP burning liquid fuels are of 100
mg/Nm? for new facilities and 200 mg/Nm? for existing ones, at 3% O.. For specific key regions
which are more sensitive to atmospheric pollution and its impact, the ELV is set at 50 mg/Nm?
for new and existing plants. However, in the available documents in English language, it is not
stated if the ELV are daily, monthly or annual averages.

In the Indian regulation [34], the SO, ELV applied are of 720 mg/Nm? for TPP with a rated
thermal input power lower than 500 MWth and 240 mg/Nm? if > 500 MW, if installed in the
period of 2004-2016, and of 120 mg/Nm? for all sizes of TPP installed in 2017 and afterwards,
at 3% O». However, as for Chinese regulation, no mention is made if the ELV are daily, monthly
or annual averages.

The aforementioned emission levels can be respected through the application of one or a
combination of the following techniques [2][3]: duct sorbent injection (DSI), spray dry absorber
(SDA) or wet scrubber or FGD. The potential applicability of these techniques is of almost
100%. As for solid fuels, wet FGD implementation on existing plants (i.e., retrofitting) or
installations < 300 MWth may rise some technical and economic limitations.
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It needs to be noted that the dimensioning of the flue-gas treatment unit, the residence time of
the flue-gas (i.e., the treatment duration) in the unit and the reagent consumption, can be
primordial in order to achieve lower emission levels for one specific reduction technique.

From the literature survey carried out, a few reference cases have been found for SO» flue-gas
concentrations of plants burning liquid fuels. However, the achieved concentrations in these
ones show that BAT AEL can be met through the application of SO> reduction techniques
mentioned above:

e SOLVAIr DSI technology applied to a fuel-fired district heating French boiler of 180
MWth enabled to reduce the exhaust gas concentration from 1,100 to 165 mg/Nm? [54].

According to SOLVAIr, their DSI technology with its sorbents can be designed to meet SO>
flue-gas concentrations as low as 15 mg/Nm?® with an electrostatic precipitator (ESP) and 3
mg/Nm?® with a baghouse filter [54], at dry conditions and 6% O, which is equivalent to about
18 and 4 mg/Nm? at 3% O».

In addition, in the framework of the development of the LCP BREF [2], a benchmark on EU
plants has been realized and the proposed BAT AEL are in accordance with the observed
emission levels.

Therefore, based on the assessment carried out in the EU for the development of the BAT
Conclusions [3], the Proposal of potential updates of current ELV, expressed as daily averages
at 3% O3, are as in the following:

Table 13: Proposal of potential updates in ELVs for SO, emissions from combustion of liquid
fuels,
expressed as daily averages at 3% O, in mg/Nm?, as well as estimated corresponding monthly
averages and the update indexes

Potential SOz ELV - daily Est. equivalent monthly Undate Index
(in mg/Nm® at 3% O,) averages (mg/Nm’ 3% O>) P
Thermal mnput New Existing New Existing New Existing
capacity
50-100 MW 150-200 150-200 95-186 95-186 1 1
100-300 MW 150-200 150-200 95-186 95-186 2 1
> 300 MW 50-120 150-165" 42-82 95-135 1 1

1: 150-175 mg/Nm? if put into operation no later than Jan. 2014

The estimation of equivalent monthly averages, from daily and yearly averages, is based on

[35] and is explained at the end of the Chapter 3.1.1.

3.1.4. Gaseous fuels:

For combustion plants with a rated thermal power higher than 50 MW burning gaseous fuels,
the ELV for SO from the AGP [1] are as in the following:
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Table 14: Emission limit values of SO; for gaseous fuels in the AGP, expressed as monthly
averages at 3% O in mg/Nm?® [1]

SO; emission limit values in

AGP (in mg/Nm? at 3% O»)
Fuel type New plant Existing plant
Natural gas 35 35
Liquefied gas 5 5
Coke oven gas 400 400
Blast furnace gas 200 200
ooy | s |

In the European BAT conclusions for LCP [3], no BAT AEL is given for SO, for natural or
liquefied gas. For iron and steel process gases (coke oven gas or blast furnace gas) being burned
in LCP > 50 MW, the BAT AEL are of 50-200 mg/Nm? for new and existing plants, and of 50-
300 mg/Nm? if a high share of coke oven gas is present in the fuel mix, as daily averages at 3%
O2[3].

For the process gases from the chemical industry, the BAT AEL for SO; are of 90-200 mg/Nm?
for new and existing facilities [3].

Finally, in the BAT conclusions for Oil Refining [31], the SO» BAT AEL for the combustion
of refinery gas is of 5-35 mg/Nm?® as monthly average, at 3% O..

In the Chinese regulation [33], the ELV of SO> for TPP is of 35 mg/Nm? for new and existing
facilities burning natural gas and of 100 mg/Nm® for new and existing installations burning
other gas, at 3% O». However, in the available documents in English language, it is not stated
if the ELV are daily, monthly or annual averages.

The emission levels for iron and steel process gases can be respected through the application of
one or a combination of using low sulphur content auxiliary fuels and flue-gas desulphurisation

[2][3].

In the literature, it is hard to find reference cases for SO, emission levels for natural gas as its
sulphur content is low so SO> emissions are not a great matter of concern.

In the framework of the development of the LCP BREF [2], a benchmark on EU plants has
been realized and the proposed BAT AEL are in accordance with the observed emission levels.

In short, the SOz ELV for natural and liquefied gases in the current version of the AGP do not
seem to require updates (i.e., the updates indexes are 3 for these fuels).

For the other gaseous fuels, based on the BAT Conclusions [3], the potential update of current
ELV, expressed as daily averages at 3% O, are as in the following:

Table 15: Proposal of potential updates in ELVs for SO, emssions from combustion of gaseous
fuels,
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expressed as daily averages at 3% O, in mg/Nm?, as well as estimated corresponding monthly
averages and update indexes

Potential SO, ELV Est. equivalent monthly Undate Index
(in mg/Nm’ at 3% 0,) | averages (mg/Nm’ 3% O») P

Thermal input New Existing New Existing New | Existing
capacity
Natural gas 35" Already as monthly 3 3
Liquefied gas 5 average 3 3
Coke oven gas 50-300 36-218 1 1
Blast furnace gas 50-200 36-173 2 2
Gasified refinery x Already as monthly

. 5-35 2 1
residues average
Chemical process gas 90-200 46-151 1 1

*: these ELV are expressed as monthly averages

The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.

3.2.Limit values for the sulphur content of gas oil

Table 16: Table 2, Annex IV, Proposal of potential updates in ELVs for the Sulphur content of

gas oil
Page Reference Potential update Description Potential Potential ELVs
Applicability
(%)

38 Annex IV Table 2: Update Index 1: Sulphur reduction in the oil Almost 100 %. 0.005 % [56]

Limit values for the refining process through

sulphur content of gas | Light heating oils with refinery fuel oil (RFO)

oil low sulphur content are desulphurisation by hydro-

available (0,005 wt %) treatment in addition to

Sulphur content (per [56] however 0.1 wt% is | selection of low-sulphur crude

cent by weight) standard sulphur limit

Gas 0il <0.10% for light heating oil

Sulphur content limits for gas oil in Annex IV of the Gothenburg Protocol are listed in the table
2 of annex IV [1].

“Gas oil” in this context means any petroleum-derived liquid fuel, excluding marine fuel and
fuels used for self-propelling vehicles (e.g. EN 590). This refers particularly to CN commodity
codes 2710 19 25 (Kerosene excl. jet fuel), 2710 19 29 (medium oils and preparations), 2710
19 45-49 (gas oils of petroleum or bituminous minerals).

Refinery fuel oil (RFO) desulphurisation by hydro-treatment can reduce sulphur content to
0.005 % by weight [56]. This sulphur content level is standard for e.g. light heating oil in many
EU member states or the US, while conventional sulphur content of light heating oil is 0.1 %
as listed in Annex IV. Heavy heating oils have sulphur contents of 0.5-1% or potentially even
more, however, these oils are not included here, as Table 2 in Annex IV refers to “any
petroleum-derived liquid fuel of which at least 85% by volume (including losses) distils at
350°C”.
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3.3.Limit values for SOy for Sulphur recovery units in oil and gas
refineries

Table 17: Table 3, Annex IV, Proposal of potential updates of Sulphur recovery rate in sulphur
recovery units for off-gas treatment

Page Reference Potential Description Potential Potential ELVs
update Applicability
(%)
39 Annex IV Update Specific unit that generally Almost 100 % 99.5 % [37] as yearly average
Table 3: Index 3: consists of a Claus process for
Limit value sulphur removal of hydrogen
expressed as According sulphide (H,S)-rich gas streams
a minimum to present from amine treating units and
sulphur BATs, no sour water strippers. SRU is
recovery rate | update generally followed by a tail gas
of sulphur necessary treatment unit (TGTU) for
recovery remaining H,S removal [2]
units
New plant:
99.5 %
Existing No update Almost 100 % 96-99.5 % [37] as yearly average
plant: necessary
98.5 %

As described in the previous chapter, in mineral oil and gas refineries, the sulphur from the
fuels is removed. This mainly ends up as HoS in acid by-product gases from which sulphur is
removed and recovered. These sulphur recovery units (SRUs) generally consists of a Claus
process for sulphur removal of hydrogen sulphide (H2S)-rich gas streams from amine treating
units and sour water strippers. The multi-step Claus process recovers sulphur from the gaseous
hydrogen sulphide found in raw natural gas and from the by-product gases derived from refining
crude oil and other industrial processes. Main chemical reactions taking place in the Claus
process are as follows:

2 HoS +3 O2 — 2 SO» + 2 H20 (thermal step)
4 H>S +2 SO2 — 3 Sz + 4 H>O (catalytic step)

SRU is generally followed by a tail gas treatment unit (TGTU) for remaining H>S removal.
TGTU is family of techniques, additional to the SRU in order to enhance the removal of sulphur
compounds. They can be divided into four categories according to the principles applied [37]:

e direct oxidation to sulphur

e continuation of the Claus reaction in multiple reactors (multi stage Claus process)

e oxidation to SO; and recovering sulphur from SO>

e reduction to HoS and recovery of sulphur from this H»S (e.g. through an amine process)

Sulphur recovery efficiency is calculated over the whole treatment chain (including SRU and
TGTU) as the fraction of sulphur in the feed that is recovered in the sulphur stream routed to
the collection pits. When the applied technique does not include a recovery of sulphur (e.g.
seawater scrubber), it refers to the sulphur removal efficiency, as the % of sulphur removed by
the whole treatment chain.

As described before, sulphur recovery within a multi stage Claus process is common
technology. A simplified flow diagram of a SRU consisting or two Claus reactors and a
subsequent oxidative reactor for efficient sulphur recovery is shown in Figure 2.
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Figure 2: Shematic flow sheet of a sulphur recovery unit (SRU) with multiple claus reactors [57]

Hence, the sulphur recovery rate as listed in Table 17 is the percentage of the imported hydrogen
sulphide (H2S) converted to elemental sulphur as a yearly average.

As shown in Table 17, the recovery rates in Annex IV are within the ELVs of the European
BREF document [37] and the related BAT conclusions [31]. Therefore, there seems to be no
need for adjustment of ELVs.

3.4.Limit values for SOx emissions released from titanium dioxide

production
Table 18: Table 4, annex IV, Proposal of potential updates in ELVs for SOx emissions from TiO;
production

Page Reference Potential update Description Potential Potential ELVs

Applicability
(%)

Annex IV Table 4: Limit values for SOx emissions released from titanium dioxide production (annual average)

39 Sulphate process: Update Index 2: Multi-stage scrubbing [38]: Almost 100 % | As yearly average
ELV for SOy 1.scrubbed with recycled waste [38]: 1-6 kg/t
(expressed as SO,) GP ELV as the water
(kg/t of TiO,): upper value of the 2.quenched and then scrubbed
total emission: 6 range of BAT with caustic soda solution.
kg/t as yearly AELs from the EU 3.quenched, passed through an
average BREF, update electrostatic precipitator

possible (removing SOs aerosols)
4.Removal of SO, via oxidation
with aqueous H,O, to produce
sulphuric acid which is re-used
Removing H,S by absorption in an
aqueous suspension of ZnO
Chloride process: Update Index 2: Specific configurations of a Almost 100 % As yearly average
ELV for SOx GP ELV as the multistage waste gas treatment unit [38]: 1.3 - 1.7 kg/t
(expressed as SO,) upper value of the | based on liquid scrubbing with
(kg/t of TiO,): range of BAT caustic soda or water — sulphur is
total emission: 1.7 AEL from the EU removed for sale
kg/t as yearly BREF,
average update possible

Titanium dioxide (Ti0O.) is an inorganic compound which is mainly used in pigments for paints
and varnishes as well as paper and plastics, printing inks, fibers, rubber, cosmetic products.
Ti0z is currently produced using two distinct processing routes:
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1. In the chloride process, the ore is treated with chlorine and carbon to give titanium
tetrachloride, a volatile liquid that is further purified by distillation. The TiCly is
treated with oxygen to regenerate chlorine and produce the titanium dioxide.

2. Inthe sulphate process, ilmenite concentrate (45-60% TiO») is treated with sulphuric
acid to extract iron (II) sulphate pentahydrate. The resulting synthetic rutile is further
processed according to the specifications of the end user, i.e. pigment grade.

New TiO; plants are likely to adopt the chloride process route, as it offers better raw material
and energy efficiency, along with a more compact plant layout which typically benefits in
reduced scope of plant maintenance. Nonetheless, particularly in China also new sulphate route
plants were installed in recent years. This seems to be mainly due to the abundance of ilmenite
concentrate.

In both processes, SOz emissions to air are a key emission factor and respective abatement
technologies are necessary. Especially in the sulphate process due to the use of large quantities
of sulphuric acid, multi-stage scrubbing systems as listed in Table 18 are necessary.

In the case of the sulphate process, the multi-stage scrubbing system must cope with a wide
range of flows. Typical processing steps are as follows [38]:

1. First, off-gases are scrubbed with recycled waste water (this system is only applicable
if the feedstock is solely ilmenite). The wash-water outflow has to be treated in an
appropriate way.

2. Secondly, off-gases are quenched and then scrubbed with caustic soda solution. The
resulting solution contains Na>xSO4, NaHSO3, Na,S, and is decomposed with sulphuric
acid to produce SO, and S going as a feed to the acid plant; the resulting small amounts
of NaxSOs solution is discharged. This system is only applicable if there is the
possibility to use the SO, and S as a feedstock for other processes on the site.

3. Thirdly, off-gases are quenched and then scrubbed with caustic soda solution. Scrubbed
caustic soda solution, after oxidation of NaHSOs3, is released to the sewerage system,
and then it is sent to the waste water treatment plant located at the site.

4. Inafourth step, off-gases are quenched, then passed through an electrostatic precipitator
(removing SOs3 aerosols), followed by the removal of SO, via oxidation with aqueous
H>O: to produce sulphuric acid which is re-used.

5. Finally, H2S is removed by absorption in an aqueous suspension of ZnO, which is used
as a feedstock for the production of Zn containing pigments at the same site. This is a
patented waste free system [38].

The European BREF reports an ELV for SO» of 1-6 kg/t of TiO2 production via the sulphate
process depending on site specific conditions and the number of stages in the scrubbing system.
The ELV in table 4, Annex IV is 6 kg/t, hence meets the upper value of the range in the EU
BREF document [38].

In the case of the chloride process, there are two different abatement techniques based on
scrubbing trains. This first technique uses caustic soda as the liquid scrubbing medium and
produced hypochlorite as a co-product. The second approach is simply based on water
scrubbing and produces hydrochloric acid for re-use or for sale. The choice of which is
preferred, depends on the local market for co-products. The EU BREF [38] reports ELVs for
SO, emissions to air of 1.3-1.7 kg/t of TiO2 while Annex IV also in the case lists the upper value
of the range (1.7 kg/t, cf. Table 18).
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4. Annex V: limit values for emissions of NOx from
stationary sources

4.1.Limit values for NOx emissions released from combustion plants

Table 19: Table 1, annex V, Proposal of potential updates in ELVs for emissions of nitrogen oxides
from combustion plants

Pag. | Reference and update Potential | Description Potential Potential ELVs
Index update Applicability
(%)
42-
43 Annex V Table 1:
Limit values for NOy
emissions released from
combustion plants
Coal, lignite and other Coal, lignite and other solid fuels:
solid fuels:
Upgraded | The means to Almost 100
Combustion plant with a current achieve the %, except for | Combustion plant with a thermal input
thermal input capacity abatement | associated SCR for capacity between 50 and 100 MW (as
between 50 and 100 MW — techniques | environmental | combustion daily average)[2][3]:
New and existing plants: are levels is the plant less

L. . available application of than 100 New plants: 5

?0:;1, lignite and other solid one or a MW,. 155-200 mg/m’ at 6 % O,
uels: ot
300 mg/m’ at 6 % Os ;j’;“fﬁ’)‘l?j;j’fg"f Some Existing plants:
[Update Index 1 for new : limitations 165-330 mg/m” at 6 % O,
techniques ;
plants, [2][3] may exist for
Update Index 2 for existing SNCR if the
plants] - combustion plant

. L optimisation operates less
Pulverlsedzllgnlte: - combination than 1,500
450 mg/m” at 6 % O, of primary hours per
[Update Index 1] techniques for year with
Combustion plant with a NO, redu.ction highly Combt.tstion plant with a thermal input
thermal input capacit such as air or variable capacity between 100 and 300 MW
between 100 and 300 MW — gel staging, !?aliis and/or (as daily average) [2][3]:

ioti . ue-gas if the cross-
New and existing plants recirculation, sectional area | eV plants: 5 N
200 mg/m? at 6 % O, low-NOx is large 80-130 mg/m" at 6 % O
[Update Index 1 for new burners (LNB) | enough to Existing plants:
plants, - selective non- | prevent 155-210 mg/m’ at 6 % O,
Update Index 2 for existing catalytic homogeneous
plants] reduction mixing of
(SNCR) NH; and
- selective NO..
catalytic
reduction .
Combustion plant with a (SCR) SCR 1s not Combustion plant with a thermal input
thermal input capacity applicable for | capacity exceeding 300 MW (as daily
exceeding 300 MW: plants average) [2][3]:
smaller than
New plants: 300 MWy, FBC boiler combusting coal and/or

o . which lignite and lignite-fired PC boiler:
Coal, lignite and other solid operate less New plants:
fuels: than 500 80-125 mg/m’ at 6 % O,

150 mg/m’ at 6 % O, hours per o
[Update Index 1] year Existing plants:

o " 140-165 mg/m’ at 6 % O,
Pulverised lignite: Technical (upper value of the range is 220
200 mg/m’ at 6 % O, and mg/m’ at 6 % Oy if plant put into
[Update Index 1] geonomic operation no later than 7 January

o barriers can 2014)
Existing plants: exist for
200 mg/m® at 6 % O, retrofitting Coal-fired PC boiler:
[Update Index 1] on plants New plants:
operating less | 80-125 mg/m’ at 6 % O,
than 1,500 o
hours per Existing plants:
year. 85-165 mg/m’* at 6 % O,

(Upper value of the range is 200
mg/m’ at 6 % O, if plant put into
operation no later than 7 January
2014)
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Pag. | Reference and update Potential Description Potential Potential ELVs
Index update Applicability
(%)
Solid biomass and peat: Solid biomass and peat:
Combustion plant with a Upgraded | The means to Almost 100
thermal input capacity current achieve the %, except for | Combustion plant with a thermal input
between 50 and 100 MW: abatement | associated SCR and capacity between 50 and 100 MW (as
techniques | environmental SNCR if the daily average) [2][3]:
are levels is the plant New plants:
. available application of operates less :
Do nfl’g/‘rfggat 69 0, one or than 500 120-200 mg/m’ at 6 % O,
[Update Index 1] combination of | hours per
the following year, and for
techniques SCR for Existing plants:
. [2][3]: combustion 120-275 mg/m® at 6 % O,
Existing plants: plant less
330 (Ilruihrll3 st 6 ‘;A) 0, - combustion than 100
[Update Index 1) ?Fl)(t)lwm_l;;gion MWi. Combustion plant with a thermal input
burners (LNB) Some capacity betyve;en 100 and 300 M W—
Combustion plant with a - air staging limitations New and e);zst;ng plants (as daily
thermal input capacity - fuel staging may exist for average) [2][3]:
between 100 and 300 MW — - flue-gas SNCRifthe | New plants:
New and existing plants: recirculation plant 100-200 mg/m’ at 6 % O,
- selective non- | operates less
New plants: catalytic than 1,500
200 mg/m’ at 6 % O, reduction hours per Existing plants:
[Update Index 1] (SNCR) year with ;
Existing plants: - selective highly 100-220 mg/m? at 6 % O,
! ;((1)5 nllngg/ Ig}a;t Z v 0, ca(tialyt_ic ;/ar(iiable
[Update Index 1] reduction oads.
(SCR) Combustion plant with a thermal input
There may be capacity exceeding 300 MW (as daily
; : i average) [2][3]:
Combustion plant with a technical and average) [2/13
thermal input capacity economic New plants:
exceeding 300 MW: barriers for | 65-150 mg/m’® at 6 % O,
retrofitting of
New plants: SCR on
150 mg/m’ at 6 % O, plants Existing plants:
[Update Index 2] ;ﬁgl}i/e[;xt]};an 95-165 mg /m’ at 6 % O,
’ (Upper value of the range is 200
. mg/m? at 6 % O, if the plant is put
Existing plants: into operation no later than 7 January
[Update Index 1]
Pag. . .. 5 q
Reference and update Potential Description Potential Potential ELVs
Index update Applicability
(%)
Liquid fuels: Liquid fuels:
Combustion plant with a Upgraded | The means to Almost 100 Combustion plant with a thermal input
thermal input capacity current achieve the %, except for | capacity between 50 and 100 MW (as
between 50 and 100 MW: abatement | associated SCR and daily average) [2][3]:
techniques | environmental | SNCR if the
N ot are levels is the plant operates
S(f(YrrI:ge/lE;.a 3% 0, available application of | less than 500 | New plants:
oneora hours per 100-215 mg/m’ at 3 % O,
[Update Index 1] combination year, and for
Existing plants: of the SCR for Existing plants:
450 mg/m’ at 3 % O, following combustion 210-330 mg/m® at 3 % 0
[Update Index 1] techniques plant less (upper value of the range is 450 mg/m*
[2][3]: than 100 at 3 % O, if the plant is put into
. . MW, operation no later than 27 November
- air staging, 2003 and operates less than 1,500 hours
- fuel staging, Some per year)
- flue-gas limitations
recirculation, may exist for
- low-NOy SNCR if the
burners plant operates
(LNB), less than
- water/steam 1,500 hours
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Pag.

Reference and update Potential Description Potential Potential ELVs
Index update Applicability
(%)
addition, per year with
- selective highly
non-catalytic variable
reduction loads.
(SNCR),
- selective Thereb may be
A A catalytic technlca_l and
Combust.lon plant wz}‘h a reduction economic
thermal input capacity (SCR) barriers for C . . .
between 100 and 300 MW: N ’ retrofitting Ombb.’s tion plant with a thermal input
advanced SCR on capacity between 100 and 300 MW (as
New plants: control plants daily average) [2][3]:
1ISJ0 (;n %/Hf 3t ; :A) o e operating less | New plants:
[Update Index 1] than 1,500 85-100 mg/m’ at 3 % O,
Existing plants: hours per
year.
Liquid fuels in general: .
200 mg/m’ at 3 % O, Existing plants:
[Update Index 1] Liquid fuels in general:
85-145 mg/m’> at 3 % O,
Plant within refineries and
ch'en"uca.I installations: . Mixture of fuels in refineries
Distillation and conversion
residues from crude oil Existing units /37]:
refining: 30-300 mg/m’ at 3 % O, as monthly
450 mg/m® at 3 % O, average
[Update Index 1]
Combustion plant with a
thermal input capacity . . .
exceeding 300 MW- CombL.tstlon plar.zt with a thermal mput
capacity exceeding 300 MW (as daily
New plants: average) [2][3]:
100 mg/m? at 3 % O, New plants:
[Update Index 2] 85-100 mg/m’ at 3 % O,
Existing plants:
Liquid fuels in general: .
150 mg/m’ at 3 % O, Existing plants:
[Update Index 1] Liquid fuels (HFO and gas-oil):
85-110 mg/m’> at 3 % O,
Existing plants: (upper Valpe of the range is '145 mg/m’
Distillation and conversion at3 % O, if the plant is put into
residues from crude oil operation no later than 7 January 2014)
refining within refineries Existing units /37]:
and chemical installations:
450 mg/m* at 3 % O, Mixture of fuels in refineries
[Update Index 1]
30-300 mg/m’ at 3 % O, as monthly
average
Combustion plant with a thermal input
capacity exceeding 50 MW, which
operates more than 500 hours per year:
For process fuels in boilers
in the chemical industry: Chemical industry process fuels,
No specific ELVs U ded mixture of gases and liquids
[Update Index 1] parade New plants /2]/3]:
current 50-110 mg/m* at 3 % O, as daily
abaterpent average
techniques
are Chemical industry process fuels,
available mixture of gases and liquids —

Existing plants /2]/3]:
100-330 mg/m’ at 3 % O, as daily
average
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Pag.

Reference and update Potential Description Potential Potential ELVs
Index update Applicability
(%)
Gaseous fuels: Gaseous fuels:
Combustion plant with a Upgraded | The means to Almost 100 Combustion plant with a thermal input
thermal input capacity current achieve the %, except for | capacity exceeding 50 MW (as daily
exceeding 50 MW: abatement | associated SNCR and average) [2][3]:
techniques | environmental | SCR for
are levels is the plants

Natural gas — New and available | application of | operating less | Natural gas — new plants:
existing plants: oneora than 500 30-85 mg/m* at 3 % O,
100 mg/m’® at 3 % O, combination hours per
[Update Index 1 for new, of the year, and for Natural gas — existing plants:
Update Index 2 for following SCR for 85-110 mg/m* at 3 % O,
existing] techniques combustion

[2][3]: plant smaller

. than 100

- combustion MW,.
Other gaseous fuels optimisation, Other gases:
New plants: - airlor fuel Advanced Iron and steel process gas
200 mg/m’ at 3 % O, Ionand | SaEe control New plants:
[Update Index 1] steel - flue-gas system 22-100 mg/m* at 3 % O,

p process recirculation, application

Existing plants: gas, only - low-NOy may be Iron and steel process gas —Existing
300 mg/m’ at 3 % O, ’ burners limited for plants:
[Update Index 1] (LNB), retrofitting on | 22-110 mg/m3 at3 % O,

- advanced old (not applicable when plant operates less

control combustion than 1,500 hours per year. Upper value

system, plants. of the range is 160 mg/m?> at 3 % O, if
Process gas in the iron and - reduction of plant is put into operation no later than
steel industry combustion Sorpe . 7 January 2014)
No specific ELVs temperature, llmltatlgns
[Update Index 1| - selective may exist for

non-catalytic SPCtR if th:’

: n T
Process gas in the chemical | Chemical | reduction {) 9 lf perates .
indust ind (SNCR), ess than Chemical industry process gas only
Y industry 1 = lecti 1,500 hours | New plants:

No specific ELVs process selective ith P 3 o
[Update Index 1] gases only catalytic per year wi 30-100 mg/m’ at 3 % O,

reduction highly L L

(SCR). variable Chemical industry process gas Existing

loads. plants:

Refineries, gas firing
No specific ELVs
[Update Index 1]

Technical and
economic
barriers can
exist for
retrofitting of
SCR on
plants
operating less
than 1,500
hours per
year.

85-110 mg/m* at 3 % O,

(higher value of the range is 210 mg/m®
at 3 % O, if plant is put into operation
no later than 7 January 2014)

Refineries, gas firing — new plants (as
monthly average) [37]:

30-100 mg/m’ at 3 % O,

Refineries, gas firing — existing plants
(as monthly average)/2/:

30-150 mg/m® at 3 % O,

(upper value of the range is 200 mg/m*
at 3 % O, if high air pre-heat is used or
if H, fuel content is higher than 50%)
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Table 20: Table 2, Annex V, proposal for update of limit values for emissions of nitrogen oxides

from gas turbines

Pag. . e X Potential ELVs
Reference and update Potential Description Potential
Index update Applicability
(%)
44 .
Table 2: Limit values for
NO, emissions released
from onshore combustion Upgraded The. means to LNBf are
turbines (including current achle\_/e the applicable
Combined Cycle Gas abatement assqmated onl}{ for
Turbine CCGT) techniques | environmental | turbine
are levels is the models for
Combustion plant with a available application of | which they are
thermal input capacity one or a available on
exceeding 50 MW combination the market.
Liquid fuels (light and ?ﬁgzving SCR s not
medium distillates): techniques applicable if
. the plant
New plants: LIBL operates less
50 l’l’lg/l’l’l3 at 15 % O2 - IOW—NOX than 500
[Update Index 3] burners hours per
(LNB), year. There
Existing plants: - water/steam may be
ddition. technical and
90 mg/m’ at 15 % O, Ao :
(00 mg/’ a1 15% 0
operating less than 1,500 reduction retrofitting
?Sgr;aig;ﬁgex . (SCR). SCR on plants
operating less
than 1,500
hours per
year.
Moreover,
retrofitting
may be
constrained by
space
availability.
44 Table 2: Limit values for
NOy emissions released
from onshore combustion Upgraded Thg means to Advanced
turbines (including current achle\_/e the contVrOI s_ystf:m
Combined Cycle Gas abater}lent assqmated app}lcatlon is
Turbine CCGT) techniques env1ropmental limited fpr old
are levels is the combustion
Combustion turbines with a | available application of | plants.
thermal input capacity one or a Open-cycle gas turbines within a plant
exceeding 50 MW — New: combination DLN L with a thermal input capacity exceeding
of the app}lcat}on 1 S50 MW [2][3] (as daily average):
Natural gas: following limited in the '
50 mg/m? at 15 % O, techniques presence of Natural gas — new turbine:
[Update Index 1] 21/3]: water/steam 25-50 mg/m® at 15 % O,
addition .. . .
- advanced systems. Natural gas — existing turbine operating
) control more than 500 hr/year:
Other gases: svstem LNB are 25-55 mg/m’ at 15 % O,
50 mg/m’ at 15 % O, Y y generally (upper value of the range is 80 mg/m’ at
[Update Index 2] - We}t?r/Steam applicabl 15 % O, if : H
addition, pplicable to o O, if the plant is put into
- dry low-NOx supplementary | operation no later than 27 November
burners firing for heat | 2003 and operates between 500 and
Combustion turbines with a (DLN) recovery 1,500 hours per year)
therrng! 1npSLg K/zllwm city ~ low-load steam
g;cizteinlgn: nglcger;)t (g;r}l{ggcs))r Sin Combin.ed-cvcle gas bturbines wiFhin a
g the case of plant with a thermal input capacity
- low-NO, combined- between 50 and 600 MW /2]/3](as
burners daily average):
Natural gas: (LNB), cycl_e gas
50 mg/m* at 15 % O, (150 - selective turbine Natural gas — new turbine:
mg/m’ at 15 % O, if catalytic (CCGT) 15-40 mg/m’ at 15 % O,
operating less than 1,500 reduction combustion _ . .
hours a year) (SCR). plants. Natural gas - ex1.st1ng turbine with a net
[Update Index 2] ) total fuel utilisation < 75%:
SCR is not 35-55 mg/m’ at 15 % O,
applicable if
the plant
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Pag.

Potential ELVs

constrained by
space
availability.

Reference and update Potential Description Potential
Index update Applicability
(%)
operates less . . .
than 500 Natural gas — existing turbine with a net
hours per year total fuel utilisation > 75%:
or for plants 35-55 mg/m® at 15 % O,
smaller than (upper value of the range is 80 mg/m® at
100 MW,. 15 % O, if plant is put into operation no
Other gases: There may be later than 7 January 2014)
120 mg/m? at 15 % O, (200 technical and . . o
mg/m? at 15 % O, if cconontic Combm_ed—cvcle gas Vturblnes W1Fh1n a
operating less than 1,500 barriers for plant w'1th a thermal input capacny.
hours a year) . exceeding 600 MW [2]/3] (as daily
retrofitting average):
[Update Index 1 for SCR on plants
existing turbines for iron operating less | Natural gas — new turbine:
and steel gases] than 1,500 15-40 mg/m’ at 15 % O,
h
[Update Index 2 for yZ:rr sppﬁra”y Natural gas — existing turbine with a net
existing turbines for SCR retrofits | total fuel utilisation < 75%:
refinery gas| OS] 1850 mg/mP at 15% O
may be -0 mg/m-a o2

Natural gas — existing turbine with a net
total fuel utilisation > 75%:

18-55 mg/m’ at 15 % O,

(higher range is 65 mg/m? at 15 % O, if
plant is put into operation no later than
7 January 2014)

Combined-cycle gas turbines with a
thermal input capacity exceeding 50
MW:

Iron and steel process gas —
new turbine (as daily average) /1]/3]:
30-50 mg/m® at 15 % O,

Iron and steel process gas —

existing turbine operating more than
500 hours per year (as daily average)
[2][3]:

30-55 mg/m® at 15 % O,

(upper value of the range is 70 mg/m® at
15 % O, if plant is put into operation no
later than 7 January 2014)

Gas firing in refinery gas turbines —
new plant (as monthly average) /37]:
20-50 mg/m® at 15 % O, (upper value
of the range is 75 mg/m’ at 15 % O, if
H, fuel content is higher than 10%)

Gas firing in refinery gas turbines —
existing plant (as monthly average)

[37]:

40-120 mg/m’ at 15 % O,

4.1.1. Coal, lignite and other solid fuels:

For combustion plants burning coal-type solid fuels, the emission limit values for NOx from the
AGP [1] depending on the plant status (new or existing) and the rated thermal power range,
expressed at 6% Oz and as monthly averages, are as in the following:
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Table 21: Emission limit values of NOx for coal-type solid fuels from the AGP, expressed as
monthly averages at 6% O in mg/Nm?, depending on the thermal input capacity[1]

ELV of NOx for coal-type solid
fuels (in mg/Nm’ at 6% O,)

Thermal input capacity New plant Existing plant
50-100 MW 300! 300!
100-300 MW 200 200
Higher than 300 MW 1502 200

1: 450 mg/Nm?® if the fuel is pulverised lignite
2: 200 mg/Nm? if the fuel is pulverised lignite

In the BAT conclusions for LCP [3], the BAT AEL of NOy for LCP burning coal or lignite,
expressed as daily averages at 6% O, are as in the following:

Table 22: BAT AEL of NOx for coal or lignite from the LCP BAT Conclusions, expressed as
daily averages at 6% O; in mg/Nm?, depending on the thermal input capacity [3]

BAT AEL of NOx for coal-type
solid fuels (in mg/Nm? at 6% O>)

Thermal input capacity New plant Existing plant
50-100 MW 155-200 165-330
100-300 MW 80-130 155-210
Higher than 300 MW 80125 85-165' if PC”,
140-165% if FBC

1: 85-200 mg/Nm? if put into operation no later than Jan. 2014
2: 140-220 mg/Nm? if put into operation no later than Jan. 2014

*: PC “pulverised combustion” and FBC “fluidised bed combustion”

In the US regulation [32], the ELV are given per energy input or output but converting them
given the approximative thermal efficiencies of the combustion plants and taking the
stoichiometric dry flue-gas volumes given in the BREF document on LCP[2], the NOx ELV for
LCP > 73 MWth burning solid fuels range from about 90 to 143 mg/Nm? at 6% O, on a monthly
average basis, depending on the date of construction or modification of the plant.

In the Chinese regulation [33], the ELV of NOx for all TPP burning solid fuels are of 100
mg/Nm?® for new and existing facilities, at 6% O,. The imposed ELV is not stricter for specific
key regions [33]. However, in the available documents in English language, it is not stated if
the ELV are daily, monthly or annual averages.

The ultra-low emission Chinese programme has introduced ELV for NOx at 50 mg/Nm?® for
coal-fired TPP [51], from 2015 for new installations and 80 % of the total coal-fired capacity
must comply with it by 2030.

In the Indian regulation [34], the NOx ELV applied are of 450 mg/Nm?® for coal TPP installed
in the period of 2004-2016, and of 100 mg/Nm? for all sizes of TPP installed in 2017 or later,
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at 6% O>. However, as for the Chinese regulation, no mention is made if the ELV are daily,
monthly or annual averages.

The aforementioned emission levels can be respected through the application of one or a
combination of the following techniques [2][3]: combustion optimisation, air or fuel staging,
flue-gas recirculation, low-NOx burners, SNCR or SCR. The potential applicability of these
techniques is of almost 100%, except for SCR which is not applicable for plants < 100 MWth
[3] and for SNCR and SCR for installations operating less than 500 hours annually. Some
technical and economic limitations can exist for SNCR and SCR for plants operating less than
1,500 hours per year.

Larger efficiencies are obtained through combination of primary measures and secondary
measures such as Selective Non-Catalytic Reduction (SNCR) or Selective Catalytic Reduction
(SCR). With SCR, the size and type of catalysts, the residence time of flue gases, the reagent
consumption are among parameters enabling larger NOx removal efficiencies.

In the literature, one study reports that the mean NOx concentration achieved for the whole
Chinese coal-fired TPP capacity was of 52.0 mg/Nm® in December 2017 (see Figure 3),
following the introduction of the ultra-low emission standard programme [51]. The shutdown
of old and small TPP to build new and larger ones helped reducing the overall concentration
but also the installation of state-of-the-art pollution control technologies such as SCR. By the
end of 2017, more than 98% of the total capacity were equipped with NOx removal techniques
(with 89% being SCR running about 94% of the time) whereas only 13% of the coal-fired TPP
capacity was equipped in 2011 [51]. From 2015 to the end of 2017, 96 GW of coal-fired
capacity has been built with an average stack concentration of 47.7 mg/Nm?. Thanks to the
ULE programme, the monthly emission factor of Chinese PP declined by more than 76%
between 2014 and 2017 [51].
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Figure 3: Evolution of the mean NOx concentration of the whole Chinese coal power plant capacity
between 2014 and 2017 [51]

From manufacturers of NOx removal techniques, several reference cases for coal-fired boilers
show that similar or lower emission levels than the BAT AEL are achievable:

For a 321 MWth hard coal power plant in Poland, the installation of over-fire air system
and low-NOy burners from Fortum has enabled to achieve concentrations below 300
mg/Nm® without urea injection and below 190 mg/Nm® with SNCR [10], without
affecting the boiler steam performance;

For an Indian coal power plant > 100 MWe, the combustion modification by Fortum
enabled to significantly reduce NOx emissions: a target concentration of 290 mg/Nm?
was for all load conditions and concentrations as low as 200 mg/Nm?® were achieved
[12];

EES Corp review of SNCR performances revealed some references cases for coal
boilers between 40 and 165 MWth with achieved NOx concentrations below 180-190
mg/Nm?, with only SNCR or a combination of SNCR with over-fire air (OFA) system
[13].

Moreover, in the framework of the development of the BREF report on LCP, a benchmark on
EU plants was realized and the proposed BAT AEL are in accordance with the observed
emission levels.
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Therefore, based on the assessment carried out in the EU for the development of the BAT
Conclusions [3], the proposal of potential updates of current EL Vs, expressed as daily averages
at 6% O3, are as in the following:

Table 23: Proposal of potential updates in ELVs for NO, from combustion of coal-type solid
fuels, expressed as daily averages at 6% O in mg/Nm?, as well as estimated corresponding
monthly averages and the update indexes

Potential NOx ELV — daily Est. equivalent monthly Undate Index
(in mg/Nm® at 6% O,) averages (mg/Nm’ 6% O») P
Thertpal input New Existing New Existing New Existing
capacity
50-100 MW 155-200 165-330 125-173 129-297 1 23
100-300 MW 80-130 155-210 64-114 125-194 1 2
85-165" if PC”, 74-157 (PC)

>300 MW 80-125 140-1652 if FBC™ 64-103 110-157 (FBC) 1 1

1
2
3
*

: 85-200 mg/Nm? if put into operation no later than Jan. 2014
: 140-220 mg/Nm? if put into operation no later than Jan. 2014
: the update index is 1 for pulverised lignite

: PC “pulverised combustion” and FBC “fluidised bed combustion”

The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.

4.1.2. Solid biomass and peat:

For combustion plants burning solid biomass or peat, the ELV for NOx from the AGP [1]
depending on the plant status (new or existing) and the rated thermal power range, expressed at
6% O> and as monthly averages, are as in the following:

Table 24: Emission limit values of NOj for solid biomass and peat from the AGP, expressed as
monthly averages at 6% O in mg/Nm?, depending on the thermal input capacity [1]

ELV of NOx
(in mg/Nm® at 6% O,)
Thermal input capacity | New plant | Existing plant
50-100 MW 250 300
100-300 MW 200 250
Higher than 300 MW 150 200

In the European BAT conclusions for LCP [3], the BAT AEL for LCP burning solid biomass
or peat, expressed as daily averages at 6% O, are as in the following:
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Table 25: BAT AEL of NOx for solid biomass or peat from the LCP BAT Conclusions, expressed
as daily averages at 6% O, in mg/Nm?®, depending on the thermal input capacity[3]

BAT AEL of NOx for biomass

or peat (in mg/Nm® at 6% O2)
Thermal input capacity New plant Existing plant
50-100 MW 120-200 120-275
100-300 MW 100-200 100-220
Higher than 300 MW 65-150 95-165!

1: 95-200 mg/Nm? if put into operation no later than Jan. 2014

In most of foreign regulations assessed, solid biomass is not treated on its own. Therefore, it
can be supposed that solid biomass is included in the solid fuel category and the ELV given in
the chapter 4.1.1 can be considered.

The same reducing techniques as for coal-type solid fuels [2][3] can be applied to achieve the
imposed emission levels, and their potential applicability is of almost 100% as well except for
the conditions given in chapter 4.1.1.

Larger efficiencies are obtained through combination of primary measures and secondary
measures such as Selective Non-Catalytic Reduction (SNCR) or Selective Catalytic Reduction
(SCR). With SCR, the size and type of catalysts, the residence time of flue gases, the reagent
consumption are among parameters enabling larger NOx removal efficiencies.

In the literature, no reference value of achieved concentration following the implementation of
NOx removal technology was found for recent applications on LCP burning biomass.

In the framework of the development of the LCP BREF, a benchmark on EU plants has been
realized and the proposed BAT AEL are in accordance with the observed emission levels.

Therefore, based on the assessment carried out in the EU for the development of the BAT
Conclusions [3], the proposal of potential updates of current EL Vs expressed as daily averages
at 6% O3, are as in the following:

Table 26: Proposal of potential updates in ELVs for NOy emissions from combustion of solid
biomass and peat, expressed as daily averages at 6% O in mg/Nm?, as well as estimated
corresponding monthly averages and update indexes

Potential NOx ELV - daily Est. equivalent monthly Undate Index
(in mg/Nm? at 6% O>) averages (mg/Nm’® 6% O») P
Thertpal input New Existing New Existing New Existing
capacity
50-100 MW 120-200 120-275 93-173 93-248 1 1
100-300 MW 100-200 100-220 73-167 73-198 1 1
>300 MW 65-150 95-165! 51-145 65-157 2 1

1 95-200 mg/Nm?® if put into operation no later than Jan. 2014
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The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.

4.1.3. Liquid fuels - boilers:

For combustion plants burning liquid fuels, the ELV for NOx from the AGP [1] depending on
the plant status (new or existing) and the rated thermal power range, expressed at 3% O and as
monthly averages, are as in the following:

Table 27: Emission limit values of NOy for liquid fuels, from the AGP, expressed as monthly
averages at 3% O; in mg/Nm’, depending on the thermal input capacity

ELV of NOx
(in mg/Nm? at 3% O,)
Thermal input capacity New plant | Existing plant
50-100 MW 300 450
100-300 MW 150 200!
Higher than 300 MW 100 150!

1: 450 mg/Nm3 if fuel is distillation and conversion residues from
crude oil refining within refineries and chemical installations

In the European BAT conclusions for LCP [3], the BAT AEL for LCP burning liquid fuels,
expressed as daily averages at 3% O, are as in the following:

Table 28: BAT AEL of NOy for liquid fuels from the LCP BAT Conclusions, expressed as daily
averages at 3% O; in mg/Nm’, depending on the thermal input capacity[3]

BAT AEL of NOx for liquid

fuels (in mg/Nm? at 6% O2)
Thermal input capacity New plant Existing plant
50-100 MW 100-215 210-330"
100-300 MW 85-100 85-1452
Higher than 300 MW 85-100 85-110%°

1: 210-450 mg/Nm? if put into operation no later than Jan. 2014
and operate less than 1,500 hours annually

2: 30-300 mg/Nm? if mixture of fuels in refineries

3: 85-145 mg/Nm? if put into operation no later than Jan. 2014

In the US regulation [32], the converted ELV, the NOx ELV for LCP burning liquid fuels range
from about 111 to 176 mg/Nm? at 3% O, on a monthly average basis, depending on the date
of construction or modification of the plant.

In the Chinese regulation [33], the ELV of NOy for all LCP burning liquid fuels are of 100
mg/Nm?® for new facilities and 200 mg/Nm? for existing ones, at 3% O.. For specific key regions
which are more sensitive to atmospheric pollution and its impact, the ELV is set at 100 mg/Nm?
for new and existing plants. However, in the available documents in English language, it is not
stated if the ELV are daily, monthly or annual averages.
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In the Indian regulation [34], the NOx ELV applied are of 540 mg/Nm? for TPP burning liquid
fuels and installed in the period of 2004-2016, and of 120 mg/Nm? for all sizes of TPP installed
in 2017 or later, converted at 3% O,. However, as for Chinese regulation, no mention is made
if the ELV are daily, monthly or annual averages.

The aforementioned emission levels can be respected through the application of one or a
combination of the following techniques [2][3]: combustion optimisation, air or fuel staging,
flue-gas recirculation, low-NOx burners, SNCR or SCR. The potential applicability of these
techniques is of almost 100%, except for SCR which is not applicable for plants < 100 MWth
according to the LCP BREF [2] and for SNCR and SCR for installations operating less than
500 hours annually. Some technical and economic limitations can exist for SNCR and SCR for
plants operating less than 1,500 hours per year.

Larger efficiencies are obtained through combination of primary measures and secondary
measures such as Selective Non-Catalytic Reduction (SNCR) or Selective Catalytic Reduction
(SCR). New generation low NOx burners are more efficient. With SCR, the size and type of
catalysts, the residence time of flue gases, the reagent consumption are among parameters
enabling larger NOx removal efficiencies.

In the literature, only a few references were found for the NOx concentrations achieved
following removal technology application for liquid fuel used in LCP, which reveal that similar
or lower emission levels than the BAT AEL are possible to meet:

e EES Corp review of SNCR performances revealed some references cases for gas/oil
boilers: NOx concentrations about 120 mg/Nm? were achieved for a 50 MWth boiler,
and concentrations around 60 mg/Nm® were observed for a 20 MWth and a 420 MWth
boilers [12];

e For an Estonian combustion plant of a total 1,600 MWe capacity burning oil shale, the
Fortum installation of low-NOx combustion control and over-fire air systems, plus one
out of eight boilers delivered with SNCR, made the daily exhaust gas concentration drop
below 180 mg/Nm?® with almost only primary techniques [11];

e FIVES Pillard implementation of 8 low-NOx burners (LNB) of 15.5 MW each, making
a total capacity of 124 MW, on the conversion of a French district heating plant burning
biofuel enabled them to decrease the concentration from 580 (while burning heavy fuel
oil) to 141 mg/Nm? [14]. For the backup fuel of a 82 MW boiler burning diesel oil,
concentrations of 96 mg/Nm® were achieved with the application of LNB with 20%
EGR [14].

In the framework of the development of the LCP BREF [2] , a benchmark on EU plants has
been realized and the proposed BAT AEL are in accordance with the observed emission levels.

Therefore, based on the assessment carried out in the EU for the development of the BAT
Conclusions [3], the proposal of potential updates of ELVs, expressed as daily averages at 3%
O,, are as il the following:
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Table 29: Proposal of potential updates in ELVs for NO, emissions from combustion of liquid
fuels, expressed as daily averages at 3% O, in mg/Nm?, as well as estimated corresponding
monthly averages and update indexes

Potential NOx ELV - daily Est. equivalent monthly Update Tndex
(in mg/Nm® at 3% O>) averages (mg/Nm> 3% O2) P
Therrpal input New Existing New Existing New Existing
capacity
50-100 MW 100-215 210-330! 86-207 177-297 1 1
100-300 MW 85-100 85-145° 63-86 63-120 1 1
> 300 MW 85-100 85-110*3 63-86 63-105 2 1

1: 210-450 mg/Nm?® if put into operation no later than Jan. 2014 and operate less than 1,500 hours annually
2: 30-300 mg/Nm? if mixture of fuels in refineries
3: 85-145 mg/Nm? if put into operation no later than Jan. 2014

The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.

4.1.4. Gaseous fuels - boilers:

For combustion plants with a rated thermal power higher than 50 MW burning gaseous fuels,
the ELV for NOy for boilers from the AGP [1] are as in the following:

Table 30: Emission limit values of NOy for gaseous fuels used in boilers in the AGP [1]
(in mg/Nm? at 3% 0,)

NOx ELV for boilers in AGP
(in mg/Nm® at 3% O>)
Fuel type New plant Existing plant
Natural gas 100 100
Other gaseous fuels 200 300

In the BAT conclusions for LCP [3] and for refining of mineral oil [31], the BAT AEL for NOx
emissions for LCP boilers burning gaseous fuels, expressed as daily averages at 3% O, are as
in the following:

Table 31: BAT AEL of NOx for gaseous fuels from the LCP [3] and refining of mineral oil [31]
BAT Conclusions, expressed as daily averages at 3% O,, in mg/Nm?®

BAT AEL of NOx for gaseous
fuels
(in mg/Nm?® at 3% O,)

Fuel type New plant Existing plant
Natural gas 30-85 85-110
Iron and steel gases 22-100 22-110!
Chemical industry 30-100 85-1102
process gases
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BAT AEL of NOx for gaseous
fuels
(in mg/Nm® at 3% O,)
Fuel type New plant Existing plant
Refinery gas 30-100° 30-150"3

1: 22-160 mg/Nm?® if put into operation no later than Jan. 2014
and no ELV imposed if operate less than 1,500 hours annually
2: 85-210 mg/Nm? if put into operation no later than Jan. 2014
3:30-200 mg/Nm? if high air pre-heat is used or if H> fuel
content is higher than 50%

*: expressed as monthly average

In the Chinese regulation [33], the ELV of NOy for new and existing TPP burning gaseous fuels
is of 100 mg/Nm?® for natural gas and 200 mg/Nm? for other gases, at 3% O>. However, in the
available documents in English language, it is not stated if the ELV are daily, monthly or annual
averages.

In the US and Indian regulations [32][34], the NOx ELV for natural gas are not so stringent with
approximately 114-181 mg/Nm? (converted from g/GJ gross output) for the US depending on
the date of modification or construction of the plant, and 120 mg/Nm? for Indian TPP installed
from 2017 onwards. Moreover, no mention of ELV for other gases is made.

The BAT AEL emission levels can be respected through the application of one or a combination
of the following techniques [2][3]: combustion optimisation, air or fuel staging, flue-gas
recirculation, low-NOx burners, advanced control system, reduction of combustion temperature,
SNCR or SCR. The potential applicability of these techniques is of almost 100%, except for
SCR which is not applicable for plants < 100 MWth [3] and for both SNCR and SCR for
installations operating less than 500 hours annually. For plants operating less than 1,500 hours
per year, some technical and economic limitations can exist for SNCR if there are highly
variable loads and retrofitting for SCR.

Larger efficiencies are obtained through combination of primary measures and secondary
measures such as Selective Non-Catalytic Reduction (SNCR) or Selective Catalytic Reduction
(SCR). New generation low NOx burners are more efficient. With SCR, the size and type of
catalysts, the residence time of flue gases, the reagent consumption are among parameters
enabling larger NOx removal efficiencies.

In the literature, some references were found for NOy concentrations achieved following the
application of reduction techniques for gas fired LCP, which reveal that similar or lower
emission levels than the BAT AEL are possible to meet:

e EES Corp review of SNCR performances revealed some reference cases for gas and oil
boilers: NOx concentrations of about 120 mg/Nm?® were achieved for a 50 MWth boiler,
and concentrations around 60 mg/Nm? were observed for a 20 MWth and a 420 MWth
boilers [12];

e EES Corp also showed that the application of SNCR on a refinery gas boiler of 20 MWth
made it meet a flue gas concentration of 60 mg/Nm? [12];

e FIVES Pillard implementation of 6 burners of 20.6 MW each on a French district
heating plant burning natural gas achieved concentration of 98 mg/Nm? [14].
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e FIVES Pillard also enabled to achieve NOx concentrations between 38 and 48 mg/Nm?
for several projects with medium installations (about 10-15 MW), following the
application of natural gas low-NOy burners (LNB), without the use of exhaust gas
recirculation (EGR) [14]. Concentrations around 20 mg/Nm® are expected with the
addition of EGR. This was demonstrated with the implementation of 5 new LNB of 32
MW each on Samsung boilers which reached NOx concentrations of 16 mg/Nm?, but
also with the LNB application with 20% EGR on ERZ plant (Zurich) of 82 MW where
NOxy exhaust-gas concentrations of 14 mg/Nm? were achieved [14];

In the framework of the development of the LCP BREF [2], a benchmark on EU plants has
been realized and the proposed BAT AEL are in accordance with the observed emission levels.

For the other gaseous fuels, based on the assessment carried out in the EU for the development
of the BAT Conclusions [3], the proposal of potential updates of ELVs, expressed as daily
averages at 3% O, are as in the following:

Table 32: Proposal of potential updates in ELVs for NO, emissions from combustion of gaseous
fuels, expressed as daily averages at 3% O, in mg/Nm?, as well as estimated corresponding
monthly averages and update indexes

Potential NOx ELV Est. equivalent monthly Undate Tndex
(in mg/Nm® at 3% O,) | averages (mg/Nm’® 3% O,) P
Thermal input New Existing New Existing New | Existing
capacity
Natural gas 30-85 85-110 19-71 66-105 1 2
Iron and steel gases 22-100 22-110! 18-81 21-105 1 1
Chemical industry 30-100 | 85-110° 25-89 77-105 1 1
process gases
Refinery gas 30-100° | 30-150%3 |  Already as monthly 2 2
average

1: 22-160 mg/Nm?® if put into operation no later than Jan. 2014 and no ELV imposed if operate less
than 1,500 hours annually
2: 85-210 mg/Nm? if put into operation no later than Jan. 2014
3:30-200 mg/Nm? if high air pre-heat is used or if H> fuel content is higher than 50%
*: expressed as monthly average

The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.
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4.1.5. Gaseous and liquid fuels - turbines:

For combustion plants with a rated thermal power higher than 50 MW burning gaseous fuels,
the ELV for NOx for onshore turbines (including combined cycle gas turbines (CCGT)) from
the AGP [1] are as in the following:

Table 33: Emission limit values of NOx emissions released from onshore combustion turbines
(including Combined Cycle Gas Turbine CCGT) in the AGP (in mg/Nm3 at 15% O,) [1]

NOx ELV for turbines in AGP
(in mg/Nm® at 15% O,)*
Fuel type New plant Existing plant
disilat fuelofs 0 o0
Natural gas® 50 50%¢d
Other gaseous fuels 50 120°

1: 200 mg/Nm? if the plant operates less than 1,500 hours per year
2: 150 mg/Nm? if the plant operates less than 1,500 hours per year
3: 200 mg/Nm? if the plant operates less than 1,500 hours per year

¢ Gas turbines for emergency use that operate less than 500 hours per year are not covered.
b Natural gas is naturally occurring methane with not more than 20% (by volume) of inert gases and other constituents.

¢ 75 mg/m? in the following cases, where the efficiency of the gas turbine is determined at ISO base load conditions:
— Qas turbines, used in combined heat and power systems having an overall efficiency
greater than 75%.
— Gas turbines used in combined cycle plants having an annual average overall electrical
efficiency greater than 55%.
— Qas turbines for mechanical drives.

¢ For single gas turbines not falling into any of the categories mentioned under footnote c, but having an
efficiency greater than 35% — determined at ISO base load conditions — the ELV for NOx shall be 50 x 1/ 35
where 1) is the gas-turbine efficiency at ISO base load conditions expressed as a percentage.

In the BAT conclusions for LCP [3] and for refining of mineral oil [31], there is no BAT AEL
for turbines burning liquid fuels. However, the BAT AEL for NOx emissions for turbines
burning gaseous fuels, expressed as daily averages at 15% O, are available and are as in the
following:

Table 34: BAT AEL of NOx for gaseous fuels for turbines according to the LCP [3] and refining
of mineral oil [31] BAT Conclusions, expressed as daily averages at 15% O in mg/Nm?

ELV of NOx for gaseous fuels
(in mg/Nm?® at 15% O,)

Installation Fuel type New plant Existing plant
Open-cycle gas turbine 25-50 25-55!
Combined-cycle gas )
turbine 50-600 MW Natural gas 15-40 3533
Combined-cycle gas 1540 18-50°
turbine > 600 MW 18-55™3
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ELV of NOx for gaseous fuels
(in mg/Nm® at 15% O,)

Installation Fuel type New plant Existing plant
Open- or combined- Iron and steel gases 30-50 30-55*
cycle gas turbine

Open- or combined-

cycle gas turbine in Gaseous fuel 20-50>"" 40-120""

refineries

: 25-80 mg/Nm? if put into operation no later than 27 Nov. 2003 and operates between 500

and 1,500 hours per year

2

* W N w

*

: 35-80 mg/Nm? if put into operation no later than Jan. 2014 and net total fuel utilisation > 75%
: 18-65 mg/Nm? if put into operation no later than 7 Jan. 2014

: 30-70 mg/Nm? if put into operation no later than 7 Jan. 2014

: 20-75 mg/Nm? if H, fuel content is higher than 10%

: net total fuel utilisation < 75%

" net total fuel utilisation > 75%

*kk
: expressed as monthly averages

In the Chinese regulation [33], the ELV of NOx for new and existing turbines, burning gaseous
fuels is of 50 mg/Nm? for natural gas and 120 mg/Nm? for other gases or liquid fuels, at 15%
O.. However, in the available documents in English language, it is not stated if the ELV are
daily, monthly or annual averages.

The BAT AEL emission levels can be respected through the application of one or a combination
of the following techniques [2][3]: advanced control system, water or steam addition, low-NOx
burners (LNB) or SCR. The potential applicability of these techniques varies:

e Advanced control system implementation is limited for old plants,
e Dry LNB application in the presence of water or steam addition may be constrained,

e LNB are mostly applicable to supplementary firing for heat recovery steam generation
in the case of CCGT,

e SCR is not applicable for plants < 100 MWth and for installations operating less than
500 hours annually [3]. For plants operating less than 1,500 hours per year and retrofits,
some technical and economic limitations can exist.

It is not easy to find references of recent performances of low-NOy technologies on turbines in
the literature. However, a report from General Electric [15] revealed that NOx concentrations
as low as 4 mg/Nm?® (starting from 47 mg/Nm®) were already achieved in 1999 with the
application of their post-combustion catalytic system without ammonia injection on a Canadian
facility, although the operating and measurement conditions are not reported. More recently,
one article stated that GE completed the first installation of a new gas-fired turbine which can
achieve NOy concentrations around 9 mg/Nm?® with the application of dry low-NOx burners
(DLN) [16]. For its application on nine existing gas turbines at five power generation in China,
NOx concentrations of 15 mg/Nm? were reported [16].

In the framework of the development of the LCP BREF, a benchmark on EU plants has been
realized and the proposed BAT AEL are in accordance with the observed emission levels.
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For gaseous fuel combustion in turbines, based on the assessment carried out in the EU for the
development of the BAT Conclusions, the proposal of potential updates of EL Vs, expressed as
daily averages at 15% O, are as in the following:

Table 35: Proposal of potential updates in ELVs for NOx from gas turbines burning gaseous fuel,
expressed as daily averages at 15% O; in mg/Nm?, as well as estimated corresponding monthly
averages and the update indexes

Potential NOx ELV Est. equivalent monthly Undate Index

(in mg/Nm’ at 15% O») | averages (mg/Nm’ 15% O») P
Installation | Fuel type New Existing New Existing New | Existing
OCGT 25-50 25-55! 20-42 20-52 2 2
CCGT 50- ) 21-50"
600 MW Ig\I;lStural 15-40 35-55 12-35 30-50" 1 2
CCGT 18-50° 14-45"
> 600 MW 15-40 18.55"3 12-35 14-50™ 1 2
OCGT or | Iron and 4
CCGT steel gases 30-50 30-55 25-42 25-52 2 1
OCGT or | Gaseous S .
CCGT fuel 20-50 40-120 Already as monthly average 2 2

1: 25-80 mg/Nm? if put into operation no later than 27 Nov. 2003 and operates between 500

and 1,500 hours per year
: 35-80 mg/Nm’ if put into operation no later than Jan. 2014 and net total fuel utilisation > 75%
: 18-65 mg/Nm? if put into operation no later than 7 Jan. 2014
: 30-70 mg/Nm? if put into operation no later than 7 Jan. 2014

2

3
4
5
*

: 20-75 mg/Nm’ if H, fuel content is higher than 10%

: net total fuel utilisation < 75%
**: net total fuel utilisation > 75%
**: expressed as monthly averages

The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.

4.2. Limit values for NOx emissions released from cement clinker
production

In cement production, NOx emissions are influenced by different parameters such as the type
of fuel, the type of combustion, the combustion air-ratio and the flame temperature [39]. Thus,
to reduce NOx emissions, several primary measures can be implemented as a first step, while
additional secondary end-of-pipe measures such as Selective Non-Catalytic Reduction (SNCR)
or Selective Catalytic Reduction (SCR) are necessary to meet the emission levels summarized
in Table 36. Both primary and secondary measures and related ELVs are described below.
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Table 36: Table 3, annex V, Proposal of potential updates in ELVs for NOx emissions from
cement cement clinker production

Pag. | Reference and Potential Description Potential Potential ELVs
Update Index update Applicability
(%)
44 Annex V Table 3: Update Index 1 | The Almost 100 200 to 450 mg/m? as daily average
Limit values for NOx techniques %. Some [40] (at 10% O,)
emissions released Upgraded are advanced | limitations
from cement clinker current primary may exist if
production abatement measures the primary
techniques are (e.g. low measures are
General (existing and available NOx burners) | not able to
new plants): associated reach
500 mg/m® at 10 % with SNCR concentrations
0, and/or SCR below 1000
[39] mg/m’.
Existing Lepol and Update Index 2 | The Almost 100 400 to 800 mg/m? as daily average
Long Rotary Kilns in technique are | % [40] (at 10% O,)
which no waste is co GP ELV in the advanced
in-incinerated upper range of primary
800 mg/m® at 10 % EU BAT, measures
0, however, ELV (low NOx
adjustment burners, mid-
possible kiln firing)
associated
with SNCR
and/or SCR
39]

Primary measures:

Among primary measures, flame cooling, low NOx burners, staged combustion, mid kiln firing
and addition of mineralizers to the raw material are the main techniques used in cement plants

[39]:

(a) Flame cooling can be achieved by an addition of water to the fuel or directly to the
flame. It lowers the temperature and so limits NOx formation;

(b) The addition of mineralizers, such as fluorine, to the raw material also enables the
reduction of the sintering zone temperature and thus NOx formation;

(c) Low NOy burners enable to reduce NOx emissions during combustion processes.
Combustion with low NOx burner consists in a cold combustion with an internal or
external flue gas recirculation. NOx reductions up to 30% are achievable in successful
installations and emission levels of 600—1000 mg/Nm? have been reported with the use
of this technology;

(d) In staged combustion, the first combustion stage takes place in the rotary kiln. The
second combustion stage is a burner at the kiln inlet; it decomposes nitrogen oxides
generated in the first stage. In the third combustion stage the fuel is fed into the calciner
with an amount of tertiary air. This system reduces the generation of NOy from the fuel,
and also decreases the NOx coming out of the kiln. In the fourth and final combustion
stage, the remaining tertiary air is fed into the system as 'top air' for residual combustion.
Staged firing technology can in general only be used with kilns equipped with a
precalciner;

(e) Mid-kiln firing is applied in long wet or dry kilns. It creates a reducing zone by
injecting fuel at an intermediate point in the kiln system. In some installations using this
technique, NOx reductions of 20—40% have been achieved.

The optimum conditions for NOx prevention are frequently in conflict with the best setting for
the kiln operations. There are also limits to this approach mainly due to the formation of CO
and SO; emissions.
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It is important to point out that primary measures cannot guarantee the achievement of emission
limits as low as 500 mg/Nm® at 10% O, daily average. Even though primary measures
contribute to NOx reduction, secondary measures such as Selective Non-Catalytic Reduction
(SNCR) or Selective Catalytic Reduction (SCR) need to be used to achieve larger NOx emission
reductions.

SNCR

Selective non-catalytic reduction (SNCR for short) is a secondary process for flue gas
denitrification. Thermolysis converts ammonia (NH3) or urea with the gaseous nitrogen oxides
(NOx) to water vapor and nitrogen. Among the secondary measures, SNCR is the main
technique considered in cement plants [61]. The efficiency is highly dependent on temperature
window and injection of ammonia or urea must be done in the optimal temperature zone.
Outside the range of optimal temperatures, ammonia slip increases or NO emissions increase.
Experience has shown that for NOy values <350 mg / m?, the NH3 emissions from unconsumed
reducing agent increase significantly (even if the optimum temperature window is hit). For low
NOx values (<200 mg / m?) [58], the SNCR process is only partly suitable, possibly in furnaces
with a calciner and at the same time low NOx raw-gas emissions. The NH; slip is also
responsible for the fact that lower NOx emission levels, e.g. 200 mg/m?, cannot be achieved
with the SNCR process. The NHj3 slip increases significantly in these cases and breaks the
positive nitrogen balance.

SCR

High NOx emission reduction (> 90 %) can be expected with selective catalytic reduction (SCR)
with a range of NOx emissions of 100200 mg/Nm?® and a lower stochiometric ratio (around 1)
as compared to the SNCR case [59]. The European BREF document and the BAT conclusions
for cement production [39][40]describe SCR as a future technology that still needs additional
process development. However, there are currently several plants equipped with SCR,
especially in Germany or Switzerland, where the national ELV implemented is 200 mg/Nm? at
10 % O [58]. TiO2 and V205 catalysts are most often used at temperature of ~300°C in which
ammonia solution has been evaporated. Two or more layers of catalyst bricks are located after
the pre-heater outlet (high-dust) or as a tail-end system after the process filter (low-dust). The
catalyst lifetime ranges within 5 to 6 years, depending on local situations (high-dust catalysts
are likely to be replaced faster than low-dust catalysts, which work up to 10 years). The type of
catalyst used in an SCR process must always be adapted to the exhaust gas-specific situation in
individual cases. To prevent catalyst deactivation, SO> concentrations must be kept as low as
possible [59].

Achievable emission reduction levels through the respective technologies are summarized in
Figure 4. As indicated in Table 36, there is clear potential for decreasing the ELVs both in
Annex V of the Gothenburg Protocol and in the EU BREF document and conclusions [39][40].
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Figure 4: capabilities of techniques to reduce NOx emissions in cement plants [S8]

4.3.Limit values for NOx emissions released from new stationary
engines

The classical end-of-pipe technique for NOx reduction from stationary engines, particularly
from diesel engines, is selective catalytic reduction (SCR). This is a selective reduction of
nitrogen oxides with ammonia or urea in the presence of a catalyst. The technique is based on
the reduction of NOx to nitrogen in a catalytic bed by reaction with ammonia (in general
aqueous solution) at an optimum operating temperature of around 300—450 °C. Several layers
of catalyst may be applied to achieve higher NOy reduction. A further concept to reduce NOx
in diesel engines is the “Low-NOx combustion concept” This technique consists of a
combination of internal engine modifications, e.g. combustion and fuel injection optimisation
(the very late fuel injection timing in combination with early inlet air valve closing),
turbocharging or the so called “Miller cycle”. In the Miller case, the engine leaves the intake
valve open during part of the compression stroke, so that the engine is compressing against the
pressure of the supercharger rather than the pressure of the cylinder walls. This reduces NOx
formation in diesel engines. Further measures to reduce NOx are exhaust gas recirculation or
water/steam addition [2]. Water or steam is used as a diluent for reducing the combustion
temperature in gas turbines, engines or boilers and thus the thermal NOx formation. It is either
premixed with the fuel prior to its combustion (fuel emulsion, humidification or saturation) or
directly injected in the combustion chamber (water/steam injection).

For spark ignited Otto engines fuelled by natural gas, propane or gasoline, three-way catalytic
converters are effective in preventing air pollution. In this case, the oxidation of carbon
monoxide (CO) and hydrocarbons (HC) as well as the reduction of nitrogen oxides (NOx) occur
simultaneously to form the harmless products; carbon dioxide (COz), water (H20) and nitrogen

(N2).

Table 37 summarizes the ELVs for NOx from large stationary engines, related abatement
techniques and potential emission levels. Depending on the type of motor and the fuels, there
are some potentials for adjustment of ELVs, particularly for new installations. However, it has
to be taken into account that some fuels types (such as gaseous fuels) include a broad range of
gases such as biogas, landfill gas or sewage gas. Hence, case specific ELVs might sometimes
be necessary.
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Table 37: Table 4, annex V, Proposal of potential updates in ELVs for NOx emissions from

stationary engines
45 | Annex V Table 4: Limit values for NOx emissions released from new stationary engines
Gas engines > 1 MWth Spark ignited (= Otto) engines all gaseous fuels: ELV (mg/m?)

Spark ignited (= Otto) Update Index 3 The usual abatement technique 100% 95 mg/m? [73]
engines: 95 mg/m? for CO is through three-way
(enhanced lean burn) ELVs are in the range of | catalysts which also remove

limits described in NOx, further techniques for

different references (TA lean-burn engines are selective
Luft, 44" BImSchV, EU | catalytic reduction (SCR)

BREF, US EPA) processes [73]
[731[21[3]
All gaseous fuels: 190 Update Index 2 Three-way catalysts, SCR. All 100% 115-190 mg/m? [2]
mg/m?® (Standard lean Upper range of ELVs gaseous fuels is a broad range
burn or rich burn with from EU BAT that might need further
catalyst) conclusions specification. This includes

biogas, sewage gas etc. where
ELVs are usually higher.

Dual fuel engines > 1 MWth: ELV (mg/m?®)

In gas mode (all Update Index 2 Three-way catalysts, SCR. 100% 115-190 mg/m? [2]
gaseous fuels): 190

mg/m?

In liquid mode (all Update Index 1 Exhaust-gas recirculation, 100% 100 mg/m? [73]
liquid fuels): 225 water/steam addition, SCR

mg/m? Update possible

Diesel engines > 5 MWth (compression ignition) Slow (< 300 rpm)/medium (300 rpm—1,200 rpm)/ speed, ELV (mg/m?)
5 MWth-20 MWth: Update Index 1 Selective catalytic reduction 100% 100 mg/m? [73]
Heavy fuel oil and bio (SCR)

oils: 225 mg/m?; Light | Update possible
fuel oil and natural gas:

190 mg/m?
20 MWth and high Update Index 1 Selective catalytic reduction 100% 100 mg/m* [73]
speed (> 1200 rpm): (SCR)

190 mg/m? for all fuels | Update possible

4.4.Limit values for NOx emissions released from iron ore sinter plants

Table 38 summarizes the ELVs for NOx in Annex V of the Gothenburg Protocol and the
proposal for update of ELVs through secondary reduction measures described in the EU BREF
[42]. Beside primary measures such as low NOx burners and waste gas recirculation, NOx
reduction is achieved through a Regenerated Activated Carbon Process with additional NH3
injection or through Selective Catalytic Reduction (SCR) [43]. As the SCR process in principle
has been described before, the following explanation focusses on the RAC process as a
secondary reduction measure which is mainly applied for desulphurisation but which may
additionally reduce NOx through ammonia injection. As shown in Table 38, there is a clear
potential for stricter ELVs considering RAC or SCR as secondary reduction measures. The
potential ELVs are derived from EU BAT Conclusions [43].

Table 38: Table 5, annex V, Proposal of potential updates in ELVs for NOx emissions from iron
ore sinter plants

Pag. | Reference and Update Index Potential Description Potential Potential ELVs
update Applicability
(%)
46 Annex V Table 5: Limit values | Update Primary measures such as | Almost 100% RAC < 250 mg/m®
for NOx emissions released Index 1 waste gas recirculation SCR < 120 mg/m?
from iron ore sinter plants and low NOx burners in daily average [43]
Update combination with
New installations, ELV for possible regenerated activated
NOx (mg/m®): 400 carbon process (RAC) or
measured as average values selective catalytic
over a longer period of time reduction (SCR) [42]
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Pag. | Reference and Update Index Potential Description Potential Potential ELVs
update Applicability
(%)

Existing installations, ELV Update Primary measures such as | Dependingon | RAC < 250 mg/m®
for NOx (mg/m®): 400 Index 1 waste gas recirculation process SCR < 120 mg/m?
measured as average values and low NOx burners in specification daily average[43]
over a longer period of time Update combination with and space —

possible regenerated activated site specific

depending carbon process (RAC) or

on process selective catalytic

specification | reduction (SCR) [42]

Regenerated activated carbon (RAC) is a dry desulphurisation technique based on an adsorption
of SO, by activated carbon. When the SO»-laden activated carbon is regenerated, the process is
called regenerated activated carbon (RAC). In this case, a high quality, expensive activated
carbon type may be used, and sulphuric acid (H2SO4) is yielded as a by-product. The bed is
regenerated either with water or thermally. The RAC system can be developed as a single-stage
or a two-stage process. In the single-stage process, the waste gases are led through a bed of
activated carbon and pollutants are adsorbed by the activated carbon. Additionally, NOx
removal occurs when ammonia (NH3) is injected into the gas stream before the catalyst bed. In
the two-stage process, the waste gases are led through two beds of activated carbon. Ammonia
can be injected before each bed to reduce NOy emissions. This technique can jointly reduce SOx
and NOx emissions. The EU BREF conclusions report NOx emissions of < 250 mg/m? for the
RAC process while additional reductions to < 120 mg/m’ can be achieved when applying
selective catalytic reduction (SCR) for NOy abatement.

4.5.Limit values for NOx emissions released from the production of
nitric acid

Nitric acid is a key industrial chemical for the production of fertilizers. The current production
route of nitric acid is known as “the Ostwald process” in which nitric acid is produced by
oxidation of ammonia. This highly exothermic reaction is carried out over a highly selective
platinum-rhodium catalyst. The temperature ranges between 800 and 930 °C [61]. The liquid
ammonia is evaporated, superheated and sent to a converter containing the catalyst. In the
converter, ammonia is converted into nitric oxide which is then converted into nitrogen dioxide
in the oxidation vessel with the help of secondary air. The process water absorbs nitrogen
dioxide to form nitric acid in the absorption column. The tail gas of the absorption column
containing high levels of NOx is treated in a DeNOx unit before being discharged [61]. The
DeNOx unit is normally based on selective catalytic reduction process (SCR) with an additional
H>O> absorption in the last stage. An established DeNOx process that outperforms the emission
levels summarized in Table 39 is the so called EnviNOx® process which is shortly described
in the following. As shown in Table 39, the ELVs in Annex V are in the upper range of the
emission values reported in the EU BREF document for inorganic chemicals production [38]
However, this document is from 2007 and there is potential for reducing emission by applying
e.g. the EnviNOx® process.

Table 39: Table 6, Annex V, Proposal of potential updates in ELVs for NOx emissions from
nitric acid production

Pag. | Reference and Potential Description Potential Potential ELVs

Update Index update Applicability
(%)

46 Annex V Table 6: Update Index 1 | Different primary measures Almost 100% 5-75 ppmv which is
Limit values for NOx and combined NO, and N,O around 10 tol155
emissions released Emission limits | abatement in tail gases, mg/m?
from nitric acid in the range of selective catalytic reduction yearly average
production EU BREF, no (SCR), addition of H,O, to according to the EU

pressing update | the last absorption stage BREF document [38]
New installations, necessary (EnviNOXx) [44] 5-25 ppmv based on
ELYV for NOx current DeNOx
(mg/m>): 160 units
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Pag. | Reference and Potential Description Potential Potential ELVs

Update Index update Applicability
(%)
Existing installations, | Update Index 2 | Different primary measures Almost 100% 5-90 ppmv which is
ELYV for NOx and combined NOx and N,O around 10 to 185
(mg/m%): 190 Emission limits | abatement in tail gases, mg/m?
in the range of selective catalytic reduction yearly average [38]

EU BREF, no SCR, addition of H,O, to the
pressing update | last absorption stage
necessary (EnviNOXx) [44]

ThyssenKrupp Industrial Solutions for example provides a DeNOx unit for nitric acid
production called EnviNOx® [44]. The Process is currently suitable for tail gas temperatures
between 425°C and 520°C. High rates of N>O removal are possible with 98% typically achieved
in commercial installations and NOx emissions can be reduced to low levels depending on the
amount of ammonia supplied, with 5 — 25 ppmyv being usual.

With the EnviNOx® process, ammonia consumption is similar to that of classical SRC/DeNOx
processes [44] and the process is explicitly mentioned in the EU BREF as BAT [38] In this
process, specific iron zeolites are used as catalyst for the selective reduction of NOx (NO and
NO») with ammonia and the decomposition of N>O. The EnviNOx® reactor is typically located
in the tail gas stream on the inlet side of the tail gas turbine where the tail gas temperature is at
its highest. Figure 5 illustrates a possible configuration of the EnviNOx® process, which is
normally realized in one single reactor. As indicated before, this BAT or comparable DeNOx
units could explicitly reduce NOx emissions beyond current ELVs both in the EU BREF
document and in Annex V of the Gothenburg protocol.
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Figure 5: EnviNOx® process for combined N20O and NO, abatement for nitric acid plants using
N20O decomposition and NOy reduction with ammonia [44].
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5. Annex VI: limit values for emissions of VOC from
stationary sources

Most of the potential emission limit values (ELV) identified for VOCs emissions from the use
of solvents come from the recently published “Best Available Techniques (BAT) Reference
Document on Surface Treatment Using Organic Solvents including Preservation of Wood and
Wood Products with Chemicals” or STS BREF [4] and the associated decision [5]. The scope
of this reference document covers the largest industrial solvent consumers with a solvent
consumption higher than 200 tons. However, the following BREFs and decisions have also
been used:

- Best Available Techniques (BAT) Reference document for the Tanning of Hides and
Skins of 2013 [6],

- Commission implementing Decision of 11 February 2013 establishing the best available
techniques (BAT) conclusions under Directive 2010/75/EU of the European Parliament
and of the Council on industrial emissions for the tanning of hides and skins of 2013 [7],

- Best Available Techniques (BAT) Reference Document for Organic fine chemicals of
2006 [26],

- Best Available Techniques (BAT) Reference Document for the Food, Drink and Milk
Industries of 2019 [72],

- Commission implementing Decision (EU) 2019/2031 of 12 November 2019 establishing
best available techniques (BAT) conclusions for the food, drink and milk industries, under
Directive 2010/75/EU of the European Parliament and of the Council of 2019 [27],

- Best available techniques (BAT) reference document for Common waste gas
management and treatment systems in the chemical sector, Final draft of March 2022
[28].

5.1.Limit values for VOC:s classified as CMR

Article 5 in annex VI of the current GP is as in the following:

5. The following ELVs apply for waste gases containing substances harmful to human health:

(a) 20 mg/m> (expressed as the mass sum of individual compounds) for discharges of halogenated
VOCs, which are assigned the following risk phrases: “suspected of causing cancer” and/or “suspected of
causing genetic defects”, where the mass flow of the sum of the considered compounds is greater than or
equal to 100 g/h; and

(b) 2 mg/m? (expressed as the mass sum of individual compounds) for discharges of VOCs, which
are assigned the following risk phrases: “may cause cancer”, “may cause genetic defects”, “may cause
cancer by inhalation”, “may damage fertility”, “may damage the unborn child”, where the mass flow of
the sum of the considered compounds is greater than or equal to 10 g/h.

Chemical substances can have various harmful effects on human health. They can be
characterised as "CMR", for carcinogenic, mutagenic or toxic for reproduction. The
Classification, Labelling and Packaging regulation (CLP) [92] introduces hazard categories that
define the level of evidence of the observed CMR effects. Two categories are defined:

- Category 1 which is divided into 2 sub-categories:
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o 1A which includes the substances that are known of being CMR to humans and
carrying the hazard statements H340, H350, H360.

o 1B which includes the substances that are presumed of being CMR to humans
and carrying the hazard statements H340, H350, H360.

- Category 2 which covers the substances that are suspected of being CMR to humans
and the hazard statements H341, H351, H361.

According to the final draft of the BREF for common waste gas management and treatment
systems in the chemical sector [28] (BREF WGC), VOCs containing substances classified as
CMR 1A, 1B or 2 can be treated with waste gas treatment technique listed in a previous chapter
of this document. When a CMR substance is identified, it must be eliminated or replaced
whenever technically possible [69]. Moreover, a chemical management system that includes an
inventory of all the hazardous substances and substances of very high concern used in the
process(es) is a method for managing this type of products [28]. The potential for substitution
of the substances that are listed in this inventory, focusing on those substances other than raw
materials, can be analysed periodically (e.g. annually) in order to identify possible new
available and safer alternatives, with no or lower environmental impacts [28].

According to the final version of the European BREF WGC [28] (chapter 4), the Best Available
Technique Associated Emission Levels are as in the following:

Table 40: Best Available Technique Associated Emission Levels for channelled emissions of
CMR VOCs [28]

Substance BAT AELs (mg eq C/Nm®) — Daily average

Sum of VOC:s classified as CMR 1A or 1B <1-5
The BAT-AEL does not apply to minor emissions (i.e.
when the mass flow of the sum of the VOCs classified as
CMR 1A and 1B is below e.g. 1 g/h)

<1-10
The BAT-AEL does not apply to minor emissions (i.e.
when the mass flow of the substance concerned is below
e.g. 50 g/h).

Sum of VOC:s classified as CMR 2

The limit values of the current annex VI of the Gothenburg Protocol, could be reinforced as
well as the emission thresholds from which these ELVs would be mandatory, based on what
is proposed for the chemical processes by the BREF WGC [28].

The proposals characterised as update index 1, are as in the following:

Table 41: Proposal of potential updates in ELVs for CMR substance emissions

Pag. Potential D L. Potential Potential ELVs

Reference and Update Index update escription Applicab
ility (%)

52 Article 5: Update A chemical management Based on the BREF WGC
The following ELVs apply for Index1 system that includes an [281]
waste gases containing inventory of the hazardous a) < 1-10 mg/m? (expressed
substances harmful to human substances and substances of as the mass sum of all
health: very high concern used in the individual compounds which

process(es) can be developed are classified CMR

a) 20 mg/m3 (expressed as the for managing this type of (carcinogenic, mutagenic and
mass sum of individual products. reprotoxic) of category 2 as:
compounds) for discharges of The potential for substitution of “suspected of causing
halogenated VOCs, which are the substances that are listed in cancer” and/or “suspected of
assigned the following risk this inventory, focusing on causing genetic defects”,
phrases: “suspected of causing those substances other than raw where the mass flow of the
cancer” and/or “suspected of materials, is analysed sum of the considered
causing genetic defects”, where periodically (e.g. annually) in compounds is greater than or
the mass flow of the sum of the order to identify possible new equal to 50 g C/h.
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Reference and Update Index :: z’; tl: Description et
P ility (%)

considered compounds is
greater than or equal to 100 g/h;

b) 2 mg/m3 (expressed as the
mass sum of individual
compounds) for discharges of
VOCs, which are assigned the
following risk phrases: “may
cause cancer”, “may cause
genetic defects”, “may cause
cancer by inhalation”, “may
damage fertility”, “may damage
the unborn child”, where the
mass flow of the sum of the
considered compounds is
greater than or equal to 10 g/h.

available and safer alternatives,
with no or lower environmental
impacts [28].

Common VOC emission
reduction techniques are also
used.

b) < 1-5 mg/m?* (expressed as
the mass sum of all
individual compounds which
are classified CMR
(carcinogenic, mutagenic and
reprotoxic) of category 1A
and 1B: “may cause cancer”,
“may cause genetic defects”,
“may cause cancer by
inhalation”, “may damage
fertility”, “may damage the
unborn child”, where the
mass flow of the sum of the
considered compounds is
greater than orequalto 1 g
C/h.

5.2.Limit values for VOC emissions released from storage and
distribution of petrol, excluding the loading of seagoing ships

The current limit values are as in the following in table 1, annex VI of the GP:

Limit values for VOC emissions from the storage and distribution of petrol, excluding the loading of

seagoing ships (stage I)

ELV or reduction
Activity Threshold value efficiency
Loading and 5,000 m? petrol throughput 10g VOC/m? including
unloading of mobile annually methane®
container at
terminals
Storage Existing terminals or tank 95 wt-%"
installations at farms with a petrol
terminals throughput of 10,000

Service stations

Mg/year or more

New terminals (without
thresholds except for
terminals located in small
remote islands with a
throughput less than 5,000
Mg/year)

Petrol throughput larger
than 100 m?/year

0.01wt-% of the
throughput

@ The vapour displaced by the filling of petrol storage tanks shall be displaced either into other storage tanks
or into abatement equipment meeting the limit values in the table above.
b Reduction efficiency expressed in % compared to a comparable fixed-roof tank with no vapour-containment
controls, i.e., with only a vacuum/pressure relief valve.
¢ Vapours displaced by the delivery of petrol into storage installations at service stations and in fixed-roof
tanks used for the intermediate storage of vapours must be returned through a vapour-tight connection line to
the mobile container delivering the petrol. Loading operations may not take place unless the arrangements are
in place and properly functioning. Under these conditions, no additional monitoring of the compliance with the

limit value is required.

No update has been identified.
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service stations

5.3.Limit values for VOC emissions released from car refuelling at

The current limit values are as in the following in table 2, annex VI of the GP:

Limit values for VOC emissions for car refuelling at service station (stage I1)

Threshold values

Minimum vapour capture
efficiency wt-%*

New service station if its actual or intended

throughput is greater than 500 m® per annum
Existing service station if its actual or intended
throughput is greater than 3,000 m® per annum

as of 2019

Existing service station if its actual or intended
throughput is greater than 500 m® per annum

and which undergoes a major refurbishment

Equal to or greater than 85 wt-%
with a vapour/petrol ratio equal
to or greater than 0.95 but less
than or equal to 1.05 (v/v)

@ The capture efficiency of the systems has to be certified by the manufacturer in accordance with

relevant technical standards or type approval procedures.

The Directive 2009/126/EC of the European Parliament and of the Council of 21 October 2009
on Stage II petrol vapour recovery during refuelling of motor vehicles at service stations [70]
consolidated by the Commission Directive 2014/99/EU of 21 October 2014 amending, for the
purposes of its adaptation to technical progress, Directive 2009/126/EC on Stage II petrol
vapour recovery during refuelling of motor vehicles at service stations [71] is well represented
in the table 2 of the annex VI of the GP. A possible update could be the decrease of the threshold
for existing installations from throughput of 3,000 m? per annum to a throughput of 500 m® per

annum.

The proposal is characterised as update index 2, is as in the following:

Table 42: Annex VI, table 2, Proposal of potential updates in ELVs for VOC emissions from car
refuelling at service stations (stage II)

annum as of 2019

Existing service station if its
actual or intended throughput is
greater than 500 m* per annum
and which undergoes a major
refurbishment

Minimum vapour capture
efficiency wt-%

Equal to or greater than 85 wt-
% with a vapour/petrol ratio
equal to or greater than 0.95 but
less than or equal to 1.05 (v/v)

Potential Description Potential Potential ELVs

Pag. Reference and Update Index T P Applicability (%)

.. Applicability subject .

52 Table 2: Limit values for Update to cost impacts Possible lower threshold for
VOC emissions for car Index 2 existing service stations to
refuelling at service station . implement ELVs
(stage IT) Potential

update by (from a throughput of 3000
New service station if its actual | decreasin m? per annum to a throughput
or intended throughput is g the of 500 m*per annum)
greater than 500 m® per annum threshold
Existing service station if its for
actual or intended throughput is | existing
greater than 3,000 m® per plants
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5.4.Limit values for VOC emissions released from adhesive coating

The proposals for update of limit values are as in the following. They are characterised as update
index 1 for plants consuming more than 200 t of solvent per year:

Table 43: Annex VI, table 3, Proposal of potential updates in ELVs for VOC emissions from

adhesive coating

solvent recovery) ELVf=20
wt-% or less of the solvent
input. Or total ELV of 1 kg or
less of VOC/kg of solid input

Other adhesive coating (solvent
consumption > 200 Mg/year)

ELVc =50 mg C/m*® (100 mg
C/m? if techniques enabling
solvent recovery) ELVf= 15
wt-% or less of the solvent
input. Or total ELV of 0.8 kg or
less of VOC/kg of solid input

VOC emissions by
compiling, at least once
every year, a solvent mass
balance of the solvent inputs
and outputs of the plant, [5] .

For VOC emissions in waste
gases BAT is to monitor
emissions in waste gases
with at least the frequency
given below and in
accordance with EN
standards. If EN standards
are not available, BAT is to
use ISO, national or other
international standards that
ensure the provision of data
of an equivalent scientific

quality) 5]

In order to reduce the energy
consumption of the VOC
abatement system, BAT is to
use one or a combination of
the following techniques: (a)
maintaining the VOC
concentration sent to the off-
gas treatment system by
using variable-frequency
drive fans; (b) internal
concentration of solvents in
the waste gases; (c) external
concentration of solvents in
the waste gases through
adsorption; (d) plenum
technique to reduce waste
gas volume [4] [5].

Pag. Potential L. Potential Potential ELVs
Reference and Update Index Description Applicability
update (%)
. Upgraded o
54 Tablg 3: le_lt values for current Reduction of VOC emissions Total emissions of
adhesive coating abatement is based on a series of BAT VOCs from the
Footwear manufacture (solvent | techniques | related to raw materials (such wﬁf. "
consumption > 5 Me/year) are as high solids coatings, adhesive tapes with a
available varnishes. ..) and their solvent consumption >
25 g VOC / pair of shoes [41[5] optimal uses (reduced 200 Mg/year [5]
Other adhesive coating (solvent | jhdate Zg:s?]ggt;on ltil:l(;lo%qh <1-3 % of the solvent
consumption 5 Mg/year—15 inlt)iex 3for | te c}?n ; pplIcanOn Input.
ques...), minimising
Mg/year) plants with the use of solvent-based VOC emissions in
ELVc =50 mg C/m* (150 mg a solvent cleaning agents, the waste gases from the
C/m’ if techniques enabling consumptio | reduction of fugitive manufacturmg of
solvent recovery) ELVf=25 n <200 emissions by applying adhesive tapes: 2-20
wt-% or less of the solvent t/year ErinciEles (_JngOd . mg C/Nm®.
input. k ousekeeping, use o
125: gf(i/r(;ocu/lli: f;fvsglfidl li;i o Update secondary flue gas reduction The upper value Ofthf
Index 1 techniques [4][5] range is 50 mg C/Nm
Other adhesive coating (solvent | for plants if t@chnlques are used
consumption 15 Mg/year—200 with which aHOW' the
Mg/year) solvent The associated monitoring ;:lcl(s)i/er:;gzg?vge r(itf the
consumptio | for total VOC emissions and :
ELVe N >0 me C/m’ (1 5(.) mg n>200 fugitive emissions is to
C/m3 if techniques enabling tons. monitor total and fugitive
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Using the STS BREF and the STS decision, new limit values can be proposed for adhesive tape
manufacturing.

According to information provided by the STS BREF [4], total VOCs emissions from the
manufacturing of adhesive tapes (in % of the solvent input) can be low. Elevated total emissions
may occur in the two following cases:

- When products which require coating with highly volatile components and/or high
coating weights can have a considerable residual solvent content are used.

- Ancillary activities (e.g., cleaning, transferring) which are characterised by erratic
intervals and often by short peaks with high concentrations, so exhaust air treatment
may have an unfavourable cost-benefit ratio.

BAT to reduce emissions are multiple, both primary measures and secondary measures. The
BAT have been described in the summary table above. In terms of primary techniques, the
following products can be used: hot melt adhesives, water based adhesives, UV cured
adhesives.

The proposed limit values for plants consuming more than 200 t solvents per year are based on
the BAT AELs provided by the decision establishing BAT for surface treatment using organic
solvents (STS decision) [5] which are as in the following:

Table 44: BAT-associated emission level (BAT-AEL) for total emissions of VOCs from the
manufacturing of adhesive tapes [5]

BAT AEL — Yearly
average

Parameter Unit

<1-3W

Total VOC emissions as calculated by the Percentage (%) of the | (1) This BAT-AEL may not apply to

solvent mass balance solvent input the manufacturing of plastic films
used in temporary surface

protection.

Monitoring is caried out by a solvent management plan.

Table 45: BAT-associated emission level (BAT-AEL) for VOC emissions in waste gases from the
manufacturing of adhesive tapes [5]

BAT AEL — Daily average
Paramefer Unit if techniques not allowing With techniques allowing the
reuse/recycling of the reuse/recycling of the
recovered solvents recovered solvent
TVOC mg C/Nm’ 2-20 2-50

BAT is to monitor emissions in waste gases with a frequency depending on the emission level
and in accordance with EN standards: continuous in case of emissions larger the 10 kg C/h and
once a year for smaller emissions.
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the vehicle industry

5.5.Limit values for VOC emissions released from coating activities in

The proposals for update of limit values are as in the following. They are characterised as update
index 1 for plants consuming more than 200 t of solvent per year:

Table 46: Table 5, Annex VI, Proposal of potential updates in ELVs of VOC emissions from
coating activites in the vehicle industry

1/ Manufacture of cars (M1,
M2)

Solvent consumption >

15 Mg/year and < 5,000 coated
items a year or > 3,500 chassis
built:

90 g VOC/m? or 1.5 kg/body +
70 g/m? (yearly)

Solvent consumption 15
Mg/year —200 Mg/year and
> 5,000 coated items a year:

Existing installations: 60 g
VOC/m? or 1.9 kg/body + 41

g/m? (yearly)

New installations: 45 g
VOC/m? or 1.3 kg/body + 33

g/m? (yearly)

Solvent consumption > 200
Mg/year and > 5,000 coated
items a year): 35 g VOC/m? or
1 kg/body + 26 g/m? (yearly)

2/ Manufacture of truck cabins
(N1, N2, N3)

Solvent consumption > 15
Mg/year and < 5,000 coated
items/year

Existing installations: 85 g
VOC/m?

New installations: 65 g
VOC/m?

Solvent consumption 15 to 200
Mg/year and > 5,000 coated
items/year

Existing installations: 75 g
VOC/m?

New installations: 55 g
VOC/m?

Solvent consumption > 200
Mg/year and > 5,000 coated
items a year: 55 g VOC/m?

(yearly)

3/ Manufacture of trucks and
vans

are available

Update index
3 for plants
with solvent
consumption
<200 tons.

Update
Index 1

Update of
limit values
for plants
with solvent
consumption
> 200 tons.

systems given in below in
order to reduce the
consumption of solvents,
other raw materials and

energy, as well as to reduce

VOC emissions: (a) mixed
(SB-mix) coating; (b)
water-based (WB) coating;
(c) integrated coating
process; (d) three-wet
process [4][5]

BAT is to monitor total
and fugitive VOC
emissions by compiling, at
least once every year, a

solvent mass balance of the

solvent inputs and outputs
of the plant, as defined in
Part 7(2) of Annex VII to
Directive 2010/75/EU and

to minimise the uncertainty
of the solvent mass balance

data by using all of the
techniques [5]

Pag. Potential L. Potential Potential ELVs
Reference and Update Index Description Applicability
update (%)
54/55 Table 5: Limit values for Upgraded VOCs are reduced through | For (a) mixed Manufacture of cars
coating activities in the vehicle current use of one or a (SB-mix) (M1, M2)_with solvent
industry abaterpent combination of the coating | coating; (b) consumption > 200
techniques water-based Mg/year [5]

(WB) coating;
(c) integrated
coating process;
(d) three-wet
process: only
applicable to
new plants or
major plant
upgrades of
existing ones.

1/ Passenger cars

New plant: 8-15 g
VOC/ m? of surface
area, as yearly average

Existing plant: 8-30 g
VOC/ m? of surface
area, as yearly average

Manufacture of truck
cabins (N1, N2, N3)

2/ Truck cabins

Solvent consumption
> 200 Mg/year. From

[5]:
New plant: 8-20 g

VOC/ m? of surface
area, as yearly average

Existing plant: 8-40 g
VOC/ m? of surface
area, as yearly average

3/ Manufacture of
Vans

Solvent consumption
> 200 Mg/year. From

[5]:
New plant: 10-20 g

VOC/ m? of surface
area, as yearly average

Existing plant: 10-40
g VOC/ m? of surface
area, as yearly average

4/ Manufacture of
Trucks

Solvent consumption
> 200 Mg/year. From
[5]:

New plant: 10-40 g

VOC/ m? of surface
area, as yearly average

Existing plant: 10-50
g VOC/ m? of surface
area, as yearly average

5/ Manufacture of
Buses

Solvent consumption
> 200 Mg/year. From

[5]:
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update @

Solvent consumption > 15
Mg/year and < 2,500 coated
items/year

Existing installations: 120 g
VOC/m?

New installations: 90 g
VOC/m?

Solvent consumption 15 to 200
Mg/year and > 2,500 coated
items/year

Existing installations: 90 g
VOC/m?

New installations: 70 g
VOC/m?

Solvent consumption > 200
Mg/year and > 2,500 coated
items a year: 50 g VOC/m?

(yearly)

4/ Manufacture of buses

Solvent consumption > 15
Mg/year and < 2,000 coated
items/year

Existing installations: 290 g
VOC/m?

New installations: 210 g
VOC/m?

Solvent consumption 15 to 200
Mg/year and > 2,000 coated
items/year

Existing installations: 225 g
VOC/m?

New installations: 150 g
VOC/m?

Solvent consumption > 200
Mg/year and > 2,000 coated
items a year): 150 g VOC/m?
(yearly)

New plant: <100 g
VOC/ m? of surface
area, as yearly average

Existing plant: 90-150
g VOC/ m? of surface
area, as yearly average

According to information provided by the STS BREF [4], solvent-based paints have been
replaced with solvent-free or water-based equivalents or more efficient solvent-based
technologies and, additional off-gas treatment units have been installed. These new or upgraded
technologies implemented in this sector have reduced VOCs emissions per car by 21 % and
total VOCs emissions of the sector by 16% from 2008 to 2017 in the EU. Mixed (SB-mix)
coating, water-based (WB) coatings, integrated coating process and three-wet process and their

combination are among the BATs available for this sector [5].

The proposed limit values for plants consuming more than 200 t solvents per year are based
on the BAT AELSs provided by STS decision [5] which are as in the following:
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Table 47: BAT-associated emission levels (BAT-AELs) for total emissions of VOCs from the

coating of vehicles [5]
BAT AELs — Yearly average
Parameter Vehicle type Unit
New plant Existing plant
Passenger cars 8-15 8-30
Jotal VOC Vans 10-20 10-40
2
calculated by the |  Truck cabins | & VOCS perm*of 8-20 8-40
solvent mass surface area
Trucks 10-40 10-50
balance
Buses <100 90-150

The BAT-AELSs refer to emissions from all process stages, carried out at the same installation from the electrophoretic coating or any other
kind of coating process up to and including the final wax and polish of the topcoat, as well as solvents used in cleaning of production
equipment, both during and outside the production period.

5.6.Limit values for VOC emissions released from coating activities in
various industrial sectors

5.6.1. Coating of wooden surfaces, metal and plastic surfaces

The proposals for update of limit values are as in the following. They are characterised as
update index 1 for plants consuming more than 200 t of solvent per year:

Table 48: Table 6, annex VI, Proposal of potential updates in ELVs of VOC emissions from
coating activities in various industrial sectors

Pag. Potential L. Potential Potential ELVs
Reference and Update Index Description Applicability
update o
(%)

56 Table 6: Limit values for Upgraded Reduction of VOC emissions | For (a) 1/ Coating of wooden
coating activities in various current is based on a series of BAT maintaining the surfaces (solvent
industrial sectors abatement related to raw materials (such | VOC consumption >200

. techniques as high solids coatings, concentration Mg/year) [5]
1/ Wood coating are varnishes...) and their sent to the off- o
Solvent consumption 15 to 25 available optimal uses (reduced gas treatment Total VOC emissions
Mg/vear: ELVe = 100 mg C/m? [4][5] consumption through system by using for flat substrates <
V) - o adequate application variable- 0.1 kg VOCs per kg of
(daily); ELVE=25 wt-% or less | ypdat lid t
: pdate techniques. ..), minimising frequency drive | SO!1¢ Mass mpu
of the solvent input (yearly). Or | jdex 3 for (yearly average);
total ELV of 1.6 kg or less of lants with the use of solvent based fans: only yearly £C);
. W > :
VOC/kg of solid input (yearly) | = jvent cleaning agents, the applicable to Total VOC emissions
. reduction of fugitive central thermal for other than flat
Solvent consumption 25 to 200 COLlS;;)n(;lpth emissions by applying off-gas substrates < 0.25 kg
Mg/year: ELVc = 50 mg C/m? n= principles of good treatment VOCs per kg of solid
(daily) for drying and 75 mg tons. housekeeping, use of systems in batch | .66 input (yearly
C/m’ (daily) for coating; ELVf Update secondary flue gas reduction processes such average)
=20 wt-% or less of the solvent | [nqex 1 techniques [4][5] as printing.
input (yearly). Or total ELV of . o . Or fugitive VOC
1 kg or less of VOC/kg of solid | Update of | The associated monitoring | For (b) intemal | ¢pigsions < 10% of
input (yearly) limit values | for thal VQC emissions and concentration of | tha solvent input
for plants fugitive emissions is to solvents in the (yearly average), and
Solvent consumption > 200 with monitor total and fugitive waste gases: the | vOC emissions ’in
Mg/year: ELVc = 50 mg C/m? solvent VOC emissions by applicability waste gases = 5-20 mg
(dailzy) fqr drying an(_l 75 mg consumptio compiling, at least once may be limited C/Nm® (daily average
C/m’ (daily) for coating; ELVE | | 5 every year, a solvent mass by health and or average over the
= 15 wt-% or less of the solvent | o balance of the solvent inputs | safety factors sampling period). For
input (yearly). Or total ELV of and outputs of the plant, [5]. such as the plants using
0.75 kg or less of VOC/kg of LEL, and ; ;
solid irg1 ut (yearly) ¢ For VOC emissions in waste roduct qualit gdsorptlf)n tgchmques
put (yearly . . product quality | jp combination with a
gases BAT is to monitor requirements
2/ Coating of metal and plastics emissions in waste gases ’ waste gas treatment
Solvent consumption 5 with at least the frequency For (¢) external | fechnique, an
Mg/year—15 Mg/year: ELVc = given below and in concentration of | additional ELV ofsless
100 mg C/m® (daily); ELVf= accordance with EN solvents in the thanv5 0 mg C/Nm
25 wt-% or less of the solvent standards. If EN standards waste gases applies to the waste
input (yearly). Or total ELV of are not available, BAT is to through
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0.60 kg or less of VOC/kg of
solid input (yearly)

3/ Other coating, including
textile, fabric film and paper
(excluding web screen printing
for textiles, see printing)

Solvent consumption 5
Mg/yvear—15 Mg/year: ELVc =
100 mg C/m? (daily); ELVf=
25 wt-% or less of the solvent
input (yearly). Or total ELV of
1.6 kg or less of VOC/kg of
solid input (yearly)

Solvent consumption > 15
Mg/year: ELVc = 50 mg C/m?
(daily) for drying and 75 mg
C/m? (daily) for coating; ELVf
=20 wt-% or less of the solvent
input (yearly). Or total ELV of
1.0 kg or less of VOC/kg of
solid input (yearly)

4/ Coating of plastic
workpieces

Solvent consumption 15 to 200
Mg/year: ELVc = 50 mg C/m?
(daily) for drying and 75 mg
C/m? (daily) for coating; ELVf
=20b wt-% or less of the
solvent input (yearly). Or total
ELV 0f 0.375 kg or less of
VOC/kg of solid input (yearly)

Solvent consumption > 200
Mg/year): ELVc = 50 mg C/m?
(daily) for drying and 75 mg
C/m? (daily) for coating; ELVf
= 20b wt-% or less of the
solvent input (yearly). Or total
ELV of 0.35 kg or less of
VOC/kg of solid input (yearly)

5/ Coating of metal surfaces
Solvent consumption 15-200

Mg/year: ELVc = 50 mg C/m?
(daily) for drying and 75 mg
C/m? (daily) for coating ELVf
=20 wt-% or less of the solvent
input (yearly). Or total ELV of
0.375 kg or less of VOC/kg of
solid input (yearly). Exception
for coatings in contact with
food: Total ELV of 0.5825 kg
or less of VOC/kg of solid

input (yearly)

Solvent consumption >200
Mg/year: ELVc = 50 mg C/m?
(daily) for drying and 75 mg
C/m’ (daily) for coating ELVF
=20 wt-% or less of the solvent
input (yearly). Or total ELV of
0.33 kg or less of VOC/kg of
solid input (yearly). Exception
for coatings in contact with
food: Total ELV of 0.5825 kg
or less of VOC/kg of solid

input (yearly)

use ISO, national or other
international standards that
ensure the provision of data
of an equivalent scientific
quality) [5]

In order to reduce the energy
consumption of the VOC
abatement system, BAT is to
use one or a combination of
the following techniques: (a)
maintaining the VOC
concentration sent to the off-
gas treatment system by
using variable-frequency
drive fans; (b) internal
concentration of solvents in
the waste gases; (c) external
concentration of solvents in
the waste gases through
adsorption; (d) plenum
technique to reduce waste
gas volume [4][5].

adsorption: the
applicability
may be
restricted where
the energy
demand is
excessive due to
the low VOC
content.

For (d) plenum
technique to
reduce waste
gas volume:
generally
applicable.

gas of the
concentrator.

4/ Coating of other
metal and plastic
surfaces (solvent
consumption >200
Mg/year) [5]

Coating of plastic
surfaces

Total VOC emissions
<0.05-0.3 kg VOCs
per kg of solid mass
input (yearly average).

Or fugitive VOC
emissions < 1-10 % of
the solvent input
(yearly average) and
VOC emissions in
waste gases = 1-20 mg
C/Nm? (daily average
or average over the
sampling period). The
upper value of the
range is 35 mg C/Nm?®
if techniques are used
which allow the
reuse/recycling of the
recovered solvent.

5/ Coating of metal
surfaces

Total VOC emissions
<0.05-0.2 kg VOCs
per kg of solid mass
input.

Or fugitive VOC
emissions < 1-10 % of
the solvent input and
VOC emissions in
waste gases = 1-20 mg
C/Nm®. The upper
value of the range is
35 mg C/Nm’ if
techniques are used
which allow the
reuse/recycling of the
recovered solvent.

The proposed limit values for plants consuming more than 200 t solvent per year are based on
the BAT AELs provided by STS decision [5] which are as in the following:
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Table 49: BAT-associated emission level (BAT-AEL) for total emissions of VOCs from the
coating of wooden surfaces [5]

Parameter Coated substrates Unit ;36 ﬂyﬁaﬁ;e
Total VOC emissions as Flat substrates kg VOCs per kg <0.1
calculated by the solvent of solid mass
mass balance Other than flat substrates input <0.25

Or,

Table 50: BAT-associated emission level (BAT-AEL) for fugitive emissions of VOCs from the
coating of wooden surfaces [5]

Parameter Unit BAT AELs — Yearly average

Fugitive VOC emissions as
calculated by the solvent mass
balance

And

Percentage (%) of the

solvent input <10

Table 51: BAT-associated emission level (BAT-AEL) for VOC emissions in waste gases from the
coating of wooden surfaces [5]

Parameter Unit BAT AELs — Daily average
TVOC mg C/Nm’ 5-20%*

*For plants using techniques allowing the reuse/recycling of the recovered solvent, BAT-AEL
of less than 50 mg C/Nm? applies to the waste gas of the concentrator.

Table 52: BAT-associated emission level (BAT-AEL) for total emissions of VOCs from the
coating of plastic and metal surfaces [5]

Parameter Coated substrates Unit BAT AELs —
Yearly average
Total VOC emissions as Coating of metal surfaces kg VOCs per kg <0.05-0.2
calculated by the solvent _ _ of solid mass
mass balance Coating of plastic surfaces input <0.05-0.3

Or

Table 53: BAT-associated emission level (BAT-AEL) for fugitive emissions of VOCs from the
coating of plastic and metal surfaces [5]

Parameter Unit BAT AEL — Yearly average

Fugitive VOC emissions as
calculated by the solvent mass
balance

Percentage (%) of the

solvent input <10

And
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Table 54: BAT-associated emission level (BAT-AEL) for VOC emissions in waste gases from the
coating of plastic and metal surfaces [5]

BAT AELs — Daily average
Parameter Unit With no With techniques allowing the
reuse/recycling reuse/recycling of the recovered solvent
TVOC mg C/Nm’? 1-20%* 1-35%

*For plants using techniques allowing the reuse/recycling of the recovered solvent, BAT-AEL
of less than 50 mg C/Nm? applies to the waste gas of the concentrator.

5.6.2. Leather coating

The proposals for update of limit values are as in the following. They are characterised as update
index 1:

Table 55: Table 7, annex VI, Proposal of potential updates in ELVs for VOC emissions from

leather coating

Total ELV of 150 g/m? (yearly)

2/ Other leather coating
(solvent consumption 10
Mg/year—25 Mg/year):

Total ELV of 85 g/m? (yearly)

3/ Other leather coating
(solvent consumption > 25
Mg/year):

Total ELV of 75 g/m? (yearly)

In order to reduce airborne
emissions of volatile organic
compounds (VOC) from
finishing, BAT is to use one
or a combination of the
techniques given below,
priority being given to the
first one: (a) The use of
water-borne coatings in
combination with an efficient
application system; (b) The
use of extraction ventilation
and an abatement system

[61[7]

Pag. Potential . Potential Potential ELVs
Reference and Update Index Description Applicability
update (%)
57 Table 7: Limit values for Upgraded In order to reduce the Applicability: Leather coating [7]
leather and winding wire current airborne emissions of does not apply
coating abatement halogenated volatile organic | (o the dry Whe.re Water—bome
L L techniques compounds, BAT is to degreasing of coatln.gs are us§d mn
1/ Leather coating in furnishing | ;. replace halogenated volatile sheepskins combmatlon Wlth an
and particular leather goods available organic compounds used in carried out in efficient application
used as small consumer goods [61(7] the process with substances system:
closed cycle
like bags, belts, wallets, etc. that are not halogenated -
(solvent consumption > 10 Update [6117] machines Upholstery and
Mg/year): Index 1 automotive leather:

VOC emissions = 10-25
g C/m>

Footwear, garment,
and leather goods
leathers: VOC
emissions = 40-85 g
C/m>.

Coated leathers
(coating thickness >
0,15 mm): VOC
emissions = 115-150 g
C/m2.

Where an extraction
ventilation and
abatement system is
used as an alternative to
the use of water-borne
finishing materials
whatever the
consumption is

VOC emissions =9-23 g
C/m2.

According to the BREF tanning of hides and skins [6], the main source of organic solvent
emissions in tanneries is the coating process with the use of solvent-based lacquers. The
consumption of organic solvents can be reduced by the introduction of water-borne coating
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materials, as well as modern methods of application, such as improved spraying techniques and
roller coating. Tanneries employing solvent-based degreasing processes for sheepskins also
have organic solvent emissions requiring special abatement.

Organic solvents are also used in the following steps: degreasing in the tanyard operations,
dyeing in the splitting and post tanning step.

Chlorinated organic compounds may be released in the following processes: soaking,
degreasing, dyeing, fat liquoring and finishing. Tetrachloroethene, chlorobenzene and
hexachlorobenzene are examples of halogenated organic solvents used in degreasing
sheepskins and pigskins [6].

Furthermore, abatement techniques such as activated carbon filters are feasible, but their use is
not standard practise in tanneries. Fugitive emissions may be a major part of the total VOC
emissions.

The proposed limit values for plants are based on the BAT AELSs provided by Decision tanning
of hides and skins [7] which are as in the following:

Table 56: BAT-associated emission level (BAT-AEL) for total emissions of VOCs from the
leather coating [7]

BAT AEL in g VOC/m? (annual

Type of process Type of products average values per unit of
finished leather)
Upholstery and 10-25

automotive leather

Where water-borne coatings are Footwear, garment, and

used in combination with an leather goods 40-85
efficient application
Coated leathers (coating
thickness > 0,15 mm) H5-150
Where an extraction ventilation
and abatement system are used All 9-23 (g eq. C/m?)

as an alternative to the use of
water-borne finishing materials

5.6.3. Winding wire coating

The proposals for update of limit values are as in the following. They are characterised as update
index 1 for plants consuming more than 200 t of solvent per year:
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Table 57: Table 7, annex VI, proposal ofupdate of limit values for VOC emissions from winding

wire coating

and outputs of the plant [5].
For VOC emissions in waste
gases BAT is to monitor
emissions in waste gases
with at least the frequency
given below and in
accordance with EN
standards. If EN standards
are not available, BAT is to
use ISO, national or other
international standards which
ensure the provision of data
of an equivalent scientific
quality) [5].

Pag. Potential Descrini Potential Potential ELVs
Reference and Update Index update ESCHDRION Applicability
(%)
57 Table 7: Limit values for Upgraded Reduction of VOC emissions Manufacture of winding
leather and winding wire current is based on a series of BAT wire (solvent
coating abatement related to raw materials (such consumption >200
Lo . . techniques as high solids coatings, Mg/year) [5].
Winding wire coating (solvent are varnishes. ..) and their o
consumption > 5 Mg/year): available optimal uses (reduced Total emissions of
Tota.l ELV pf 10 g/kg (yearly) [4][5] consumption through VQC§ for coating of
applies foT 1nstallat10n§ where adequate application winding wire with an
average diameter of wire < 0.1 ppdate techniques...), minimising average diameter greater
mm index 3 for the use of solvent based than 0.1 mm, total ELV
Total ELV of 5 g/kg (yearly) Is)cl’?\l;l;:mh cleaning agents, the fl -3.3 g VOCsperkg
: reduction of fugitive of coated wire.
applies for all other consumptio uct StV
installations n.< 200 emissions by applying VOC emissions in waste
tons. principles Qf good gases from the
housekeeping, use of manufacture of winding
Update secondary flue gas reduction wire = 5-40 mg C/Nm’
Index 1 techniques [4][5]
Update of The associated monitoring
limit values | for total VOC emissions and
for plants fugitive emissions is to
with monitor total and fugitive
solvent VOC emissions by
consumptio compiling, at least once
n>200 every year, a solvent mass
tons. balance of the solvent inputs

According to the STS decision [5], BAT are one of the following techniques or a combination
of them: process-integrated VOC oxidation, solvent free lubricants, self-lubricant coatings and
high solid enamels.

The proposed limit values for plants consuming more than 200 t solvent per year are based on

the BAT AELs provided by STS decision [5] which are as in the following:

Table 58: BAT-associated emission level (BAT-AEL) for total emissions of VOCs from winding

wire coating [5]

Parameter Product type Unit BAIT AL —greedty
average
Total VOC emissions as | Coating of winding wire | g VOCs per
calculated by the solvent | with an average diameter | kg of coated 1-3.3
mass balance greater than 0,1 mm wire

And
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Table 59: BAT-associated emission level (BAT-AEL) for VOC emissions in waste gases from the
manufacture of winding wire [5]

Parameter

Unit

BAT AEL — Daily average

TVOC

mg C/Nm?®

5-40

5.7.Limit values for VOC emissions released from coil coating

The proposals for update of limit values are as in the following. They are characterised as
update index 1 for plants consuming more than 200 t of solvent per year:

Table 60: Table 8, annex VI, Proposal of potential updates in ELVs for VOC emisisons from coil

with at least the frequency
given below and in
accordance with EN
standards. If EN standards
are not available, BAT is to
use ISO, national or other
international standards that
ensure the provision of data
of an equivalent scientific
quality) [5].

In order to reduce the
energy consumption of the
VOC abatement system,
BAT is to use one or a
combination of the
following techniques: (a)
maintaining the VOC
concentration sent to the
off-gas treatment system by
using variable-frequency
drive fans; (b) internal
concentration of solvents in

For (c) external
concentration
of solvents in
the waste gases
through
adsorption: the
applicability
may be
restricted where
the energy
demand is
excessive due
to the low VOC
content.

For (d) plenum
technique to
reduce waste
gas volume:
generally
applicable.

coating
Pag. Potential L. Potential Potential ELVs
Reference and Update Index otentia Description Applicability
update (%)
57/58 Table 8: Limit values for coil Upgraded Reduction of VOC For (a) Coil coating
coating current emissions is based on a maintaining the .
L . abatement series of BAT related toraw | VOC Solvent consumption
Existing installations techniques | materials (such as high concentration >200 Mg/year [5]:
Solvent consumption > 25 are solids coatings, ' sent to the off- | Eyeitive emissions of
Mg/year: ELVc = 50 mg C/m? available varplshes...) and their gas treatment VOCs < 1-3% of the
ELVf= 10 wt-% or less of the [4105] optimal uses (reduced system by solvent input (yearly
solvent input. Or total ELV of Update consumption through using variable- | ayerage).
0.45 kg or less of VOC/kg of solid | ;ndex 3 for adequate application frequlency drive o
input. If techniques are used which plants with techniques...), minimising fans.. only vVOC emlss10_nls 12n0
allow reuse of recovered solvent, solvent the use of solvent based applicable to Wastce /I%Iasgsg '1-
the limit value shall be 150 mg consumpti cleamr}g agents,‘the central thermal mg m’ (dai y)
C/md. reduction of fugitive off-gas (The upper end is 50
on <200 emissions by applying treatment mg C/Nm? if
New installations tons. principles of good systems in techniques are used
. housekeeping, use of batch processes | which allow the
Solvent consumption > 25 secondary flue gas reduction | such as reuse/recycling of the
Mg/year: Update techniques [4][5]. printing. recovered solvent.
ELVC, =50 mg C/m’ (dglly); If Index1 The associated monitoring For (b) internal
techniques are used which allow Update of | for total VOC emissions and | concentration
reuse of recovered solvent, the s limit fugitive emissions is to of solvents in
limit value shall be 150 mg C/nm’. values for monitor total and fugitive the waste gases:
ELVf:,5 wt-% or less of the plants with | VOC emissions by the
solvent input (yearly). Or total solvent compiling, at least once applicability
ELV (,’f 9'3 kg or less of VOC/kg consumpti every year, a solvent mass may be limited
of solid input (yearly). on > 200 balance of the solvent inputs | by health and
tons and outputs of the plant, [5] safety factors
L . such as the
For VOC emissions in waste LEL, and
gases BAT is to monitor product quality
emissions in waste gases requirements.
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Pag. Potential Potential ELVs

Reference and Update Index Potential Description Applicability
update (%)

the waste gases; (c) external
concentration of solvents in
the waste gases through
adsorption; (d) plenum
technique to reduce waste
gas volume [5]

According to the STS BREF, solvent-based coatings are the dominant systems used throughout
the industry and the TVOC levels from unabated release points can vary and at times may be >
50 mg/m® due to intermittent localised activities within the coater house such as line cleaning
and tray cleaning. Industry-wide clean gas TVOC concentrations are in general below 20 mg
C/Nm’.

The proposed limit values for plants consuming more than 200 t solvent per year are based on
the BAT AELs provided by STS decision [5] which are as in the following:

Table 61: BAT-associated emission level (BAT-AEL) for fugitive emissions of VOCs from coil

coating [5]
Parameter Unit BAT AEL — yearly average
Fugitive VOC emissions as calculated Percentage (%) of the
. <1-3
by the solvent mass balance solvent input

And

Table 62: BAT-associated emission level (BAT-AEL) for VOC emissions in waste gases from coil
coating [5]

BAT AEL — Daily average
Parameter Unit With no With techniques allowing the reuse/recycling
reuse/recycling of the recovered solvent
TVOC mg C/Nm? 1-20%* 1-50%*

*For plants using an off-gas treatment technique, an additional ELV of less than 50 mg C/Nm?
applies to the waste gas of the concentrator.

5.8.Limit values for VOC emissions released from dry cleaning

The proposals for update of limit values are as in the following. They are characterised as update
index 1:
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Table 63: Table 9, annex VI, Proposal of potential updates in emission limit values for VOC
emisisons from dry cleaning

Pag. Potential L. Potential Potential ELVs

Reference and Update Index update Description Applicability
P (%)

58 Tlablg 9: Limit value for dry Perchloroethylene is the most ?ln:]c:stEl ](_)81% Dry cleaning
cleanin, or the .
cleaning Update common solye:xt used for dry Many of the Total ELV<10 g
Total ELV of 20 g VOC/kg Index 1 cleaning. It is “suspected of | 1 "5 L VOC/kg cleaned
(yearly) causing cancer solvents are garment (yearly)

There are alternatives to the
use of this solvent but the
potential for these
alternatives to harm human
health and the environment is
not well-understood yet [29]

relatively new
products with
no established
occupational
exposure limits.

Possible phase out of
perchloroethylene

Perchloroethylene (PER) was one of the most used solvents in dry cleaning machines. It is a
halogenated solvent which is classified as a CMR substance (C2: suspected of being a CMR
substance) according to [68]. Dry cleaning is covered by chapter V and annex VII of the
European IED [64], as well as several national regulations.

In many countries, the use of PER is declining and even more, forbidden in dry cleaning
applications. As examples, in Norway, the sales of new machines using perchloroethylene is
forbidden since 2005 and for the existing ones, a tax on the use of the product has been
implemented [65].

In the USA, California proceeds to removal of machines using perchloroethylene. Since 2008,
new installations using perchloroethylene are forbidden. California is committed to remove the
existing installations by 2023 [65]. Furthermore, the city of Minneapolis banned the use of PER
and became the first PER-free city in the USA in January 2018 [29].

France implemented a specific national regulation [66] that entered into force on 1% March 2013
and intends to progressively phase out machines using PER in residential areas by 2022. All
machines located in workplaces adjacent to inhabited buildings must be phased out by the 1%
of January 2022.

Wet-based cleaning is one of the alternatives to perchloroethylene. The other alternatives are
based on the use of other solvents [29]:

- n-Propyl Bromide which is a brominated hydrocarbon, and considered by reference
[29], as a regrettable substitution,

- Solvon K4 or dibutoxymethane, or Butylal, which is an oxygenated hydrocarbon,

- Decamethylcylclopentasiloxane (called D5),

- Glycol ethers: dipropylene glycol tert-butyl ethers (DPTB), dipropylene glycol, n-butyl
ether (DPNB), and propylene glycol t-butyl ether (PGtBE),

- High-flashpoint hydrocarbons which are petroleum-based solvents and have relatively
high flammability and volatility,

- Liquid carbon dioxide which is a technology that combines carbon dioxide with
specialised detergents under high pressure.

Other alternative solvents are identified:
- Hi-Glo, which is a solvent mixture based on an oxygenated hydrocarbon,

- KTEX, which is a combination of hydrocarbons associated with a glycol ether.
According to reference [29], some of these alternatives have been promoted as safe and
environmentally friendly, although their effects on human health and the environment may have
not been well characterized. Many of the alternative solvents are relatively new products with
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no established occupational exposure limits (e.g., glycol ethers and Solvon K4). Unfortunately,
the search for dry cleaning solvents has resulted in regrettable substitutions, such as the use of
n-PB.

According to reference [29], dry cleaning machines have evolved through several “generations”
to minimize PER release. The 1% generation machines were “transfer machines,” where cleaned
fabrics were manually transferred from the washer to a dryer. Since then, various pollution
prevention controls have been implemented through the subsequent generations, culminating
in the latest 5™ generation machines, which are closed-loop and equipped with refrigerated
condensers, carbon absorbers, inductive fans, and sensor-actuated lockout devices.

According to the current situation and efficiency of newest machines (5 generation) [29], the
potential limit value could be as in the following:

Table 64: Proposal for update of ELV for emissions VOC from dry cleaning

Total potential ELV - yearly average (in g VOC/kg cleaned garment)
from [29]

<10

This value is reached by newest generation machines with activated carbon purifier still using
perchloroethylene, according to the French VOC emission inventory [113].

Moreover, the complete phase out of perchloroethylene in dry cleaning application could be
envisaged in the future.

5.9.Limit values for VOC emissions released from manufacturing of
coatings, varnishes and adhesives

The proposals for update of limit values are as in the following. They are characterised as update
index 2. The proposal of potential updates of limit values is based on the BAT AELs defined
by the draft final Best Available Techniques (BAT) Reference Document for Common Waste
Gas Management and Treatment Systems in the Chemical Sector [28]:

Table 65: Table 10, annex VI, Proposal of potential updates in limit values for VOC emissions
from manufacturing of coatings, varnishes and adhesives

Pag. Potential L. Potential Potential ELVs
Reference and Update Index Description Applicabili
update ty (%)
58 Table 10: Limit values from Update Stack emissions from
manufacturing of coatings, Index 2 [28]:
varnishes. inks and adhesives Possibly
ELVs <1 to 20 mg C/m’ and
New and existing installations with could be to 30 when using
solvent consumption between 100 updated techniques to recover

Mg/year—1,000 Mg/year: ELVc = based of solvents.
150 mg C/m’, ELVf=5wt% orless | .. BREF

of the solvent input. Or total ELV of | wgc [28].
5 wt% or less of the solvent input.

Diffuse emissions

from [28]:

3% to 5% as

New and existing installations with
percentage of the

solvent consumption > 1,000

Mg/year: ELVc = 150 mg C/m?, solvent inputs (yearly
ELVf =3 wt % or less of the average) for existing
solvent input. Or total ELV of 3 wt and new plants with

solvent consumption
larger than 100
Mg/year

% or less of the solvent input.
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5.10. Limit values for VOC emissions released from printing
activities
The proposals for update of limit values are as in the following. They are characterised as
update index 1 for plants consuming more than 200 t of solvent per year:

Table 66: Table 11, annex VI, prposal of update of ELV for VOC emissions from printing

activities
Pag. . L. . Potential ELVs
Reference and Update Potential | Description Potential
Index update Applicability
(%)
58/5 . .
9/60 1/ Heat-set offset VOC emissions by compiling, at 1/Heatset web offset
. least once every year, a solvent printing
Solvent consumption 15 — 25 mass balance of the solvent inputs .
Mg/year: and outputs of the plant [5]. Solvent consumption
o >200 Mg/year [5]:
New and existing presses: For VOC emissions in waste s
ELVc =150 mg C/m3 ELVf gases BAT is to monitor tTOtal VOCs emissions
> ;o : : rom < 0.01-0.04 kg
=130 wt % or less of the emissions in waste gases with at VOC ke of ink input
solvent input. least the frequency given below § per kg ol 11k Inpu
and in accordance with EN (yeqr_ly aver_ag_e)A Or
Solvent consumption 25 — standards. If EN standards are not fugitive emissions of
200 Mg/year: available, BAT is to use ISO, VOCs < 1-10% of the
. national or other international solvent input (yearly
New and existing presses: standards that ensure the ave_rage) at_ld, vOoC
i e
;‘50 wt % or less of the solvent q : average or average over
mnput. In order to reduce the energy the sampling period)
fon > consumption of the VOC L
;});/;:;r():f)nsumptlon 200 abatement system, BAT is to use 2/ _Pu_bllcatlon rotogravure
one or a combination of the printing
New and upgraded presses: fOH-O:Vi-ng te(;l}lniglg(s:; (a) Solvent consumption
maintaining the .
Total ELV =10 Wt_% or less concentratigon sent to the waste ~200 Mg/year [3]:
of the ink consumption gas treatment system by using Fugitive emissions of
(yearly). variable-frequency drive fans; (b) VOCs from < 2.5% of the
Existing presses: internal concentration of solvents solvent input (yearly
in the waste gases; (c) external average). VOC emissions
Total ELV = 15 wt-% or less concentration of solvents in the in waste gases between
of the ink consumption waste gases through adsorption; 10-20 mg C/Nm® (daily
(yearly). (d) plenum technique to reduce average or average over
2/ Publication gravure waste gas volume [5]. the sampling period).
Solvent consumption 25-200 3 Non-y ubllca..tlo.n
rotogravure printing
Mg/year:
. . Solvent consumption
New installations: >200 Mg/year [5]:
ELVc =75 mg C/m? Total emissions of VOCs
ELVf= 10 wt-% or less of <0.1-0.3 kg VOCs per kg
the solvent input of solid mass input (yearly
Or total ELV of 0.6 kg or average). Or fugitive
less of VOC/kg of solid input emissions of VOCs from
(vearly) flexography and non-
publication rotogravure
Existing installations: ELVc printing < 1-12% of the
=75 mg C/m’ solvent input (yearly
ELVf=15 wt-% or less of average) and, VOC
the solvent input emissions in waste gases
Or total ELV of 0.8 kg or 1-20 mg C/Nm® (daily
less of VOC/kg of solid input average or average over
(vearly) the sampling period). The
Solvent consumption > 200 ggp er value (;f_the range 1s
Mg/year: mg C/Nm?if .
gy techniques are used which
New installations: Total ELV allow the reuse/recycling
=5 wt-% or less of the of the recovered solvent.
solvent input (yearly).
Existing installations: Total
ELV =7 wt-% or less of the
solvent input (yearly)
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Pag.

Reference and Update
Index

Potential
update

Description

Potential
Applicability
(%)

Potential ELVs

3/ Packaging rotogravure and
flexography

Solvent consumption 15-25
Mg/year:

New and existing
installations:

ELVc = 100 mg C/m?
ELVf=25 wt-% or less of
the solvent input

Or total ELV of 1.2 kg or
less of VOC/kg of solid input

(vearly)

Solvent consumption 25-200
Mg/year:

New and existing
installations:

ELVc = 100 mg C/m®
ELVf=20 wt-% or less of
the solvent input

Or total ELV of 1.0 kg or
less of VOC/kg of solid input
(vearly)

Solvent consumption > 200
Mg/year:

For plants with all machines
connected to oxidation: Total
ELV =0.5 kg VOC/kg of
solid input (yearly)

- For plants with all
machines connected to
carbon adsorption: Total
ELV = 0.6 kg VOC/kg of
solid input (yearly)

- For existing mixed plants
where some existing
machines may not be
attached to an incinerator or
solvent recovery: Emissions
from the machines connected
to oxidizers or carbon
adsorption are below the
emission limits of 0.5 or 0.6
kg VOC/kg of solid input
respectively.

- For machines not connected
to gas treatment: use of low
solvent or solvent free
products, connection to waste
gas treatment when there is
spare capacity and
preferentially run high
solvent content work on
machines connected to waste
gas treatment. Total
emissions below 1.0 kg
VOC/kg of solid input

(yearly).

According to the STS BREF [4], all installations use thermal off-gas treatment techniques
which is the general rule in the sector due to the offensive smell of waste gases. Most
installations in this sector apply integrated dryer-oxidisers at each press specifically designed

5.10.1. Heatset web offset printing

for heatset web offset printing.
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Techniques specifically used in heatset web offset to reduce VOC emissions are [4]:
- low-IPA (isopropanol) or IPA-free additives for dampening solutions.
- use of waterless offset plates.
- automatic cleaning systems for blanket cylinders, capture and routing of solvent
emissions from cleaning to the off-gas treatment system.
- web offset dryer integrated with thermal off-gas treatment.

The proposed limit values for plants consuming more than 200 t solvent per year are based on
the BAT AELs provided by STS decision [5] which are as in the following:

Table 67: BAT-associated emission level (BAT-AEL) for total emissions of VOCs from heatset
web offset printing [5]

Parameter Unit BAT-AEL — yearly average
<0.01-0.04"
Total VOC emissions as calculated by kg V.OCs. per kg of () The upper end of the BAT-AEL range is
the solvent mass balance ink input related to the production of high-quality
products.
Or

Table 68: BAT-associated emission level (BAT-AEL) for fugitive emissions of VOCs from
heatset web offset printing [5]

Parameter Unit BAT AEL — Yearly average
<1-100
. . o
Fugitive VOC emissions as calculated | Percentage (.A)) of () The upper end of the BAT-AEL range is
by the solvent mass balance the solvent input related to the production of high-quality
products.
And

Table 69: BAT-associated emission level (BAT-AEL) for VOC emissions in waste gases from
heatset web offset printing [5]

Parameter Unit Potential ELV — Daily average
TVOC mg C/Nm? 1-15
5.10.2. Publication rotogravure printing

According to the STS BREF [4], all publication rotogravure printing plants nowadays have
toluene recovery installations. In spite of the toluene recovery, part of the toluene input is still
emitted. The main sources of VOC emissions are:

- the printing process and its cleaning operations,
- the solvent recovery system,
- the printed product.
In order to minimise toluene emissions to air, various techniques have been identified:

- direct piping of inks,
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- closed-loop distiller system at the toluene recovery for recovering the toluene residue
from decanted water,

- use of retention inks,

- connection to the toluene recovery system of all potential toluene-emitting
activities/processes: print units, toluene washing machines, dryers, press room air at
units.

According to the STS BREF [4], total emissions of VOCs as a percentage of the solvent input
are below 3 % in all cases and close to or lower than 1 % when non-solvent-based cleaning
agents are used.

The proposed limit values for plants consuming more than 200 t solvent per year are based on
the BAT AELs provided by STS decision [5] which are as in the following:

Table 70: BAT-associated emission level (BAT-AEL) for fugitive emissions of VOCs from
publication rotogravure printing [5]

Parameter Unit BAT AEL — Yearly average
Fugitive VOC emissions as calculated Percentage (%) of <25
by the solvent mass balance the solvent input '

And

Table 71: BAT-associated emission level (BAT-AEL) for VOC emissions in waste gases from
publication rotogravure printing [5]

Parameter Unit Potential ELV — Daily average
TVOC mg C/Nm? 10-20
5.10.3. Flexography and non-publication rotogravure printing

According to the STS BREF [4], almost all of the reported values for fugitive emissions of
VOCs are below the IED limit value of 20 % of the solvent input and more than the half of
reported values are below 10 % of the solvent input.

The main reported techniques for the minimisation of fugitive emissions are:
- safe storage of hazardous substances and measures to prevent unplanned releases.
- handling and use of hazardous materials.
- air extraction from drying processes.
- enclosed application zones with air extraction.
- hall ventilation partly used as dryer input, treated in RTO.
- air recirculation in dryers.

- overpressure management with installed waste air pipes to minimise leakages caused by
overpressure.

- ink management techniques that include an automatic ink mixing system and
management of ink residues.

- automatic hardener dosing using enclosed piping system (two-component systems).

- air extraction from washing machines, adhesive mixing and ink mixing area.
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- automatic parts cleaning machine (solvent-based, connected to ‘smoothener’ and
common waste gas extraction for treatment in a RTO).

- solvent-free adhesives (hot melts).
- ultrasonic cleaning machine for anilox rollers.
The proposed limit values for plants consuming more than 200 t solvent per year are based on

the BAT AELs provided by STS decision [5] which are as in the following:

Table 72: BAT-associated emission level (BAT-AEL) for total emissions of VOCs from
flexography and non-publication rotogravure printing [5]

Parameter Unit BAT AEL — Yearly average

Fugitive VOC emissions as
calculated by the solvent mass
balance

kg VOCs per kg of

solid mass input <0.1-0.3

Or

Table 73: BAT-associated emission level (BAT-AEL) for fugitive emissions of VOCs from
flexography and non-publication rotogravure printing [5]

Parameter Unit BAT AEL — Yearly average
Fugitive VOC emissions as calculated Percentage (%) of the
. <1-12
by the solvent mass balance solvent input

And

Table 74: BAT-associated emission level (BAT-AEL) for VOC emissions in waste gases from
flexography and non- publication rotogravure printing [5]

BAT AEL — Daily average
Parameter Unit With no With techniques allowing the
reuse/recycling reuse/recycling of the recovered solvent
TVOC mg C/Nm? 1-20%* 1-50*

*For plants using an off-gas treatment technique, an additional ELV of less than 50 mg C/Nm?
applies to the waste gas of the concentrator

5.11. Limit values for VOC emissions released from manufacturing
of pharmaceutical products

The proposals for update of limit values are as in the following. They are characterised as update
index 1:
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Table 75: Table 12, annex VI, Proposal of potential updates in ELVs for VOC emissions from
manufacturing of pharmaceutical products

Pag. . L. . Potential ELVs
Reference and Update Potential | Description Potential
Index update Applicability
(%)
60 . L .
Table 12: Limit values for Update One or a combination of Almost 100% Stack emissions from
manufacturing of Index 1 techniques can be applied as a [28]:
pharmaceutical products recovery/abatement system for a N
. . Update of | yhole site, an individual <l to 20 mg C/m’and to
New installations limit production building, or an 30 when using techniques
Solvent consumption > 50 values individual process. Th{s depends tl?hzeﬁxietrrzzgeesn;ily
Mg/year: ELVc = 20 mg on the particular situation and vto th rent that
C/m’ (a,b) and ELVf=5 wt- affects the number of point :‘}E’p 31 Od te fx ent tha
% or less of the solvent input sources. BAT is to select VOC ey lea 10 ciwe; h
(b) recovery and abatement emission levels than the
techniques according to an in current emission VOC
Existing installations depth assessment of possible use limit values and hmlt,
. of techniques [28]. values for VOC classified
Solvent consumption > 50 as CMR 1A, 2A and 2
Mg/year): ELVc =20 mg According to Reference [28], . .
C/m? (a,c) and ELVf= 15 wt- BAT is to incorporate the Diffuse emissions from
% or less of the solvent input following features: [28]:
(©- - Implementation of an inventory <5% as percentage of the
(a) If techniques are used of channelled and diffuse solvent lqputs (yearly
which allow reuse of emissions to air, maintenance of average) l_f thf_: solvent
recovered solvents, the limit such an inventory and regular consumption is larger than
value shall be 150 mg C/m? review, as part of the 50 t/year

environmental system,
(b) A total limit value of 5% v 4

of solvent input may be - Reduce the frequency of other

applied instead of applying than normal operating conditions

ELVc and ELVf (OTNO), development of a
management plan for emissions

(c) A total limit value of 15%

. to air
of solvent input may be
applied instead of applying - An integrated waste gas
ELVc and ELV{. management and treatment

strategy for channelled emissions
based on the combination of
waste gas streams with similar
characteristics, limit thus
optimise minimising the number
of emission points and the correct
design and maintenance of
abatement systems (considering
the maximum flow rate and
concentrations) to ensure optimal
availability, effectiveness and
efficiency of the equipment.

The proposed limit values for plants consuming more than 50 t solvent per year are based on
the BAT AELs provided by draft BREF WGC [28], which are as in the following:

Table 76: BAT-associated emission level (BAT-AEL) for VOC emissions in waste gases from
manufacturing of pharmaceutical products [28]

BAT AEL (in mg C/m®) — Daily average or average over the sampling method

<1to20
The upper end of the BAT-AEL range may be higher and up to 30 mg C/Nm? when using techniques to recover solvents

As mentioned above the limit ranges only apply to the extent that they lead to lower emission
levels than the current emission VOC limit values and limit values for VOC classified as CMR
1A, 2A and 2.

The new draft of BREF WGC [28] provides BAT AELs for fugitive emissions as in the
following for plants whose total annual solvent consumption is larger than 50t/year:
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Table 77: BAT-associated emission level (BAT-AEL) for diffuse VOC emissions to air from the
use of solvents or the reuse of recovered solvents [28]

BAT AEL as percentage of the solvent inputs (yearly average)

<5%

natural or synthetic rubber

5.12. Limit values for VOC emissions released from conversion of

The proposals for update of limit values are as in the following. They are characterised as update
index 3 for plants as no relevant pieces of information has been found.

Table 78: Table 13, annex VI, Proposal of potential updates in limit values for VOC emissions
from conversion of natural or synthetic rubber

Pag.

Reference and Update Index

Potential update

Description

Potential

Applicability (%)

Potential
ELVs

61

Table 13: Limit value for conversion
of natural or synthetic rubber

New and existing installations:
conversion of natural or synthetic
rubber (solvent consumption > 15
Mg/year): ELVc = 20 mg C/m* and
ELVF = 25wt-% of the solvent input.
Or total ELV = 25 wt-% of solvent
input.

If techniques are used which allow
reuse of recovered solvent, the limit
value shall be 150 mg C/m’.

The fugitive limit does not include
solvents sold as part of a preparation
in a sealed container.

Update Index 3
No identified literature results
identified.

5.13.

Limit values for VOC emissions released from surface cleaning

The proposals for update of limit values are as in the following. They are characterised as update
index 3 for plants as not enough relevant pieces of information has been found:

Table 79: Table 14, annex VI, Proposal of potential updates in limit values for VOC emissions

from surface cleaning

Pa | Reference and Update Potential | Description Potential Potential ELVs
g. Index update Applicability
(%)

61 . .

Table 14: Limit values for Update In order to reduce VOC The selection of

surface cleaning Index 3 emissions from cleaning cleaning

. . No update | processes, BAT is to techniques may
Surface °1eamn% using identified minimise the use of solvent- be restricted by
substances mentioned in based cleaning agents and to | the type of

paragraph 3 (z) (i) of annex
VIL

- Solvent consumption
between 1-5 Mg/year:
ELVc =20 mg expressed as
the mass sum of individual
compounds/m®. ELVf= 15
wt-% of solvent input.

- Solvent consumption > 5
Mg/year: ELVc =20 mg

use a combination of the
techniques given below [4]:

(a) Protection of spraying

areas and equipment:
Application areas and

equipment (e.g. spray booth
walls and robots) susceptible
to overspray and drips, etc.
are covered with fabric
covers or disposable foils

process, the
substrate or
equipment to be
cleaned and the
type of
contamination.
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Pa | Reference and Update Potential Description Potential Potential ELVs
g. Index update Applicability
(%)

expressed as the mass sum
of individual
compounds/m®. ELVf= 10
wt-% of solvent input

Other surface cleaning:

- Solvent consumption
between 2-10 Mg/year:
ELVc =75 mg C/m®. ELVf
= 20 wt-% of solvent input.

- Solvent consumption > 10
Mg/year: ELVc =75 mg
C/m*. ELVf = 15 wt-% of
solvent input.

where foils are not subject to
tearing or wear.

(b) Solids removal prior to
complete cleaning: Solids are
removed in a (dry)
concentrated form, usually by
hand, with or without the aid
of small amounts of cleaning
solvent. This reduces the
amount of material to be
removed by solvent and/or
water in subsequent cleaning
stages, and therefore the
amount of solvent and/or
water used.

(c) Manual cleaning with
pre-impregnated wipes:
Wipes pre-impregnated with
cleaning agents are used for
manual cleaning. Cleaning
agents may be solvent-based,
low-volatility solvents or
solvent- free.

(d) Use of low-volatility
cleaning agents: Application
of low-volatility solvents as
cleaning agents, for manual
or automated cleaning, with
high cleaning power.

(e) Water-based cleaning:

Water-based detergents or
water-miscible solvents such
as alcohols or glycols are
used for cleaning.

(f) Enclosed washing
machines: Automatic batch
cleaning/degreasing of
press/machine parts in
enclosed washing machines.
This can be done using
either: (a) organic solvents
(with air extraction followed
by VOC abatement and/or
recovery of the used
solvents); or (b) VOC-free
solvents; or (c) alkaline
cleaners (with external or
internal waste water
treatment).

(g) Purging with solvent
recovery: Collection, storage
and, if possible, reuse of the
solvents used to purge the
guns/applicators and lines
between colour changes.

5.14.

Limit values for VOC emissions released from extraction of

vegetable and animal fat and refining of vegetable oils

The proposals for update of limit values are as in the following. They are characterised as update

index 1:
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Table 80: Table 15, annex VI, Proposal of potential updates in ELVs for VOC emissions from
of vegetable oil

extraction of vegetable and animal fat and refinin

installations (solvent
consumption > 10
Mg/year):

- Animal fat: ELV = 1.5 kg
VOC/Mg product

- Castor: ELV =3 kg
VOC/Mg product

- Rape seed: ELV =1 kg
VOC/Mg product

- Sunflower seed: ELV = 1
kg VOC/Mg product

- Soya beans (normal
crush): ELV =0.8 kg
VOC/Mg product

- Soya beans (white
flakes): ELV =1.2 kg
VOC/Mg product

- Other seeds and vegetable
material: ELV =3 kg
VOC/Mg product

- All fractionation
processes, excluding
degumming: ELV = 1.5 kg
VOC/Mg product

- Degumming: ELV =4 kg
VOC/Mg product

(no size
threshold is
provided in

(27D

Update
Index 3 for
other
products

- Vaporization from the
oil/hexane mixture

- Condensation in combination
with a mineral oil wet scrubber

- Gravitational phase separation
in combination with distillation

3 Potential
Pag. Referenclflgzl: Wik Pl?;f;;ttl:l Description Applicability Potential ELVs
(%)
61/62 . . . .
Table 15: Limit values for | Update BAT are as in the following Almost 100% | According to [72] as
extraction of vegetable and | Index 1 for [72] yearly average values:
animal fat and refining of Soya beans,
vegetable oil rape seeds - Counter current flow of rpeal Soybeans: 0.3 to 0.55 kg
and sunflower | @nd steam in the desolventiser- VOC (hexane)/t seeds

New and existing seeds toaster processed

Rape seeds and
sunflower seeds: 0.2 to

0.7 kg VOC (hexane)/t
seeds processed

According to the BREF Food, Drink, Milk [72], the majority (typically > 90 %) of TVOC
emissions to air consist of hexane. Hexane emissions are typically reduced by hexane recovery
techniques. biofilters, bio scrubbers and wet scrubbers followed by condensation are typically
used with the intention of reducing odour emissions. BAT [27] are the use of all the following
techniques: counter current flow of meal and steam in the desolventiser-toaster, evaporation
from the oil/ hexane mixture, condensation in combination with a mineral oil wet scrubber,

gravitational phase separation in combination with distillation.

The proposed limit values for plants with the current solvent consumption levels per year are
based on the BAT AELs provided by the decision food, drink and milk [27], which are as in
the following:

Table 81: BAT-associated emission levels (BAT-AELSs) for hexane losses from oilseed processing

and refining [27]

Type of seeds or beans

BAT AEL — Yearly

Parameter Unit
processed average
Hexane Soybeans kg/tonne of seeds or 0.3-0.55
losses Rapeseeds and sunflower seeds beans processed 0.2-0.7
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5.15. Limit values for VOC emissions released from impregnation of
wood

The proposals for update of limit values are as in the following. They are characterised as update
index 1 for plants consuming more than 200 t of solvent per year:

Table 82: Table 16, annex VI, Proposal of potential updates in ELVs for VOC emissions from
impregnation of wood

Potential

Pag. Referencl&:l 32;1 Update Pl?tzr;ttl:l Description Applicab Potential ELVs
L ility (%)
62
Table 16: limit values for Update In order to reduce emissions of | Almost According to [5]
impregnation of wood Index 1 VOCs to air from wood and 100%
. . wood products preservation Creosote fil’ld solvent based
Wood impregnation }de:lte IOf . using solvent-based treatment gia\t/men;[‘. 20 Cl?
imit values in : : c=4-20mg C/m
Solvent consumption 25 to plants with chemlgal§, BAT.IS to enclose g
200 Mg/year: solvent the emitting equipment or

. processes, extract the off-gases
ELVc =100 mg C/m® (not | SOOSUMPLON | 5p4 cend them to a treatment
applicable to impregnation | ~ 200 tons. system (thermal oxidation,
with creosote). waste gases sent to a
combustion plant, adsorption
unit, absorption unit,
condensation.

ELVf =45 wt-% or less of
solvent input or 11 kg or
less of VOC/ m*

. . For creosote:
Wood impregnation

(solvent consumption > In order to reduce emissions of
200 Mg/year) organic compounds and odour

to air from wood and wood
ELVc = 100 mg C/m’ (not

. . . products preservation using
applicable to impregnation creosote, BAT is to use low-
with creosote).

volatility impregnating oils, i.e.
ELVf =35 wt-% or less of Grade C creosote instead of

solvent input or 9 kg or Grade B.

less of VOC/ m®

According to the STS BREF[4], the main VOC emission source in this sector is from the solvent
content of the applied substances. Solvents that remain in the wood after complete drying
evaporate over longer periods of time. Fugitive emissions occur during handling, application
and drying stages. However, the majority of the emissions occur during the drying process.

The proposed limit values for plants with the current solvent consumption levels per year are
based on the BAT AELs provided by the STS decision [5], which are as in the following:

Table 83: BAT-associated emission levels (BAT-AELSs) for TVOC emissions in waste gases from
wood and wood products preservation using creosote and/or solvent-based treatment chemicals

151
Parameter Unit Process BAT AEL
TVOC | mg C/Nm® | Creosote and solventbased treatment <4-20
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6. Annex X: limit values for emissions of PM from
stationary sources

6.1.Limit values for dust emissions released from combustion plants

Table 84: Table 1, annex IV, Proposal of potential updates in ELVs for emissions of dust from
combustion plants

Combustion plant
with a thermal input

capacity between 100
and 300 MW:

New plants:
20 mg/m* at 6 % O
[Update Index 1]

Existing plants:
25 mg/m® at 6 % O
[Update Index 1]

Combustion plant
with a thermal input

capacity exceeding
300 MW:

New plants:
10 mg/m® at 6 % O,
[Update Index 2]

Existing plants:
20 mg/m’ at 6 % O,
[Update Index 1]

Pag. | Reference and Potential Description Potential Potential ELVs
Update Index update Applicability
(%)
83-
84 Table 1:
Limit values for dust
emissions released
from combustion
plants
Coal, lignite and Coal, lignite and
other solid fuels: . . other solid fuels:
Upgraded The means to achieve the associated Almost 100 %.
Combustion plant current environmental levels is the Combustion plant
with a thermal input abatement application of one or a combination Some . with a thermal input
capacity between 50 techniques are of the following techniques: lmr.ntatlons may | capacity between 50
and 100 MWV: available . exist for FGD 1 44 100 MW (as
- electrostatic precipitator (ESP), if: daily average)
New plants: - baghouse filter, .
3 : T - the plant L2]13]:
20 mg/m’ at 6 % O, - boiler sorbent injection p
[Update Index 1] - wet flue-gas, desulphurisation operates less New plants:
i (FGD), than 500 hours | 4_16 mg/m’ at 6 %
Existing plants: - dry or semi-dry FGD system. per year, 0,
30 mg/m® at 6 % O, -itis for
[Update Index 1] retrofitting on Existing plants:
existing 4-22 mg/m® at 6 %
combustion O,

plant operating
less than 1,500
hours per year,
- the
combustion
plant is less
than 300 MWy,
there may be
technical and
economic
restrictions

(Upper value of the
range is 28 mg/m’ at
6 % O, if plant put
into operation no
later than 7 January
2014)

Combustion plant
with a thermal input
capacity between
100 and 300 MW (as
daily average)
[2][3]:

New plants:
3-15 mg/m* at 6 %
O,

Existing plants:
4-22 mg/m® at 6 %
0,

(Upper value of the
range is 25 mg/m’ at
6 % O, if plant put
into operation no
later than 7 January
2014)

Combustion plant
with a thermal input
capacity exceeding
300 MW (as daily
average) [2][3]:

New plants:
3-10 mg/m® at 6 %
0O,

Existing plants:
3-11 mg/m® at 6 %
0O,

(Upper value of the
range is 20 or 14
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Pag. | Reference and Potential Description Potential Potential ELVs
Update Index update Applicability
(%)
mg/m?* at 6 % O, if
plant is put into
operation no later
than 7 January 2014
and if it is between
300-1,000 MW or if
bigger than 1,000
MW, respectively)
Solid biomass and Solid biomass and
peat: Upgraded The means to achieve the associated Almost 100 %, peat:
Combustion plant current environmental levels is the except wet- Combustion plant
with a thermal input abatement application of one or a combination FGD for plants with a thermal input
capacity between 50 techniques are of the following techniques: operating less capacity between 50
and 100 MW: available . - than 500 hours and 100 MW (as
- electrostatic precipitator (ESP), per year. daily average)
- baghouse filter, o If wet FGD is [21[3]:
- wet flue-gas desulphurisation
New plants: (FGD) meant ff)r New plants:
20 l’l’lg/l’l’l3 at 6 % O, d ’ . retrofitting on p 5 o
- dry or semi-dry FGD system. it 2-10 mg/m’ at 6 %
[Update Index 1] existing o
combustion 2
Existing E)lants: plant operating Existing plants:
30 mg/m’ at 6 % O, less than 1,500 2-22 mg/m’® at 6 %
[Update Index 1] hours per year, 0,
there may be
technical and
—Mmbusnon l‘?’” fg;rrli?:ltril(l)is Combustion plant
with a thermal input aAthermal Lnput ’ with a thermal input
capacity between 100 capacity between
and 300 MW: 100 and 300 MW (as
New plants: daily average)
20 mg/m’ at 6 % O, 2131
[Update Index 1] New plants:
Existing plants: 2-10 mg/m’ at 6 %
20 mg/m’ at 6 % O, O
[Update Index 1] Existing plants:
2-18 mg/m® at 6 %
0,
Combustion plant )
with a thermal input Combustion plant
capacity exceeding with a thermal input
300 MW- capacity exceeding
- 300 MW (as daily
New plants: average) [2][3]:
20 mg/m° at 6 % O
[Update Index 1] New plants:
2-10 mg/m® at 6 %
Existing plants: 0,
20 mg/m” at 6 % O, .
[Update Index 1] Existing plants:
2-16 mg/m® at 6 %
0,
Liquid fuels: Liquid fuels:
Combustion plant Upgraded The means to achieve the associated Almost 100 %, Combustion plant
with a thermal input current environmental levels is the except wet- with a thermal input
capacity between 50 abatement application of one or a combination FGD for plants capacity between 50
and 100 MW: techniques are of the following techniques: operating less and 100 MW (as
available . . than 500 hours daily average)
- electrostatic precipitator (ESP), per year. [21[3]:
New plants: - baghouse filter,
20 mg/m’ at 3 % O, - multicyclones, Some New plants:
[Update Index 1] - wet flue-gas desulphurisation limitations may | 7-18 mg/m’ at 3 %
o (FGD), exist for wet 0,
Epst}ng plan_ts: - dry or semi-dry FGD system. FGD if:
Liquid fuels in
general: - it is for Existing plants:
30 mg/m® at 3 % O, retrofitting on Liquid fuels in
[Update Index 1] existing general:
combustion 7-22 mg/m® at 3 %
plant operating 0,

less than 1,500

(Upper value of the
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Pag. | Reference and Potential Description Potential Potential ELVs
Update Index update Applicability
(%)

Combustion plant
with a thermal input

capacity between 100
and 300 MW:

New plants:
20 mg/m® at 3 % O,
[Update Index 1]

Existing plants:

Liquid fuels in
general:

25 mg/m® at 3 % O
[Update Index 1]

Combustion plant
with a thermal input
capacity exceeding
300 MW:

New plant:
10 mg/m® at 3 % O,
[Update Index 2]

Existing plants:

Liquid fuels in
general:

20 mg/m® at 3 % O,
[Update Index 1]

Combustion plant
with a thermal input
capacity larger than
S0 MW: existing

plants

Distillation and
conversion residues
from crude oil
refining within
refineries and
chemical installations:
50 mg/m® at 3 % O,
[Update Index 2]

hours per year,
- the
combustion
plant is less
than 300 MW,
there may be
technical and
economic
restrictions.

range is 25 mg/m’ at
6 % O, if plant is put
into operation no
later than 7 January
2014)

Combustion plant
with a thermal input
capacity between
100 and 300 MW (as
daily average)
[2][3]:

New plants:
7-18 mg/m® at 3 %
0,

Existing plants:
Liquid fuels in
general:

7-22 mg/m® at 3 %
O, (Upper value of
the range is 25
mg/m?* at 6 % O, if
plant is put into
operation no later
than 7 January
2014)

Combustion plant
with a thermal input
capacity exceeding
300 MW (as daily
average) [2][3]:

New plant:
7-10 mg/m® at 3 %
0O,

Existing plants:
Liquid fuels in
general:

7-11 mg/m® at 3 %
0,

(Upper value of the
range is 15 mg/m’ at
6 % O, if plant is put
into operation no
later than 7 January
2014)

Combustion plant in
refineries —existing
plants (as monthly
average) [37]:

Multi-fuel firing in
refineries — existing
plants:

5-50 mg/m° at 3 %
0O,

(the upper value of
the range
corresponding to a
high share of oil
burning where only
primary techniques
can be applied)
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existing plants:

Natural gas:
5 mg/m’ at 3 % O,
[Update Index 3]

Other gases other than
steel industry gases:
10 mg/m’ at 3 % O,
[Update Index 2]

Steel industry gases:
30 mg/m® at 3 % O,
[Update Index 1]

of the following techniques:

- fuel choice/management,

- electrostatic precipitator (ESP),

- baghouse filter,

- gas pre-treatment at the iron- and
steel-works

For chemical industry process gases

[2][3]:

The means to achieve the associated
environmental levels is the
application of one or a combination
of the following techniques:

- electrostatic precipitator (ESP),
- baghouse filter,

- wet flue-gas desulphurisation
(FGD),

- dry or semi-dry FGD system.

Pag. | Reference and Potential Description Potential Potential ELVs

Update Index update Applicability
(%)
Gaseous fuels: Upgraded For iron and steel process gases only | For chemical Gaseous fuels:
. current [2][3]: industry process .

C{)mbustton qunt abatement . . gases: C{)mbustton qunt
with a thermal input techniques are The means to achieve the associated with a thermal input
capacity exceeding 50 | .. iable environmental levels is the Wet-FGD not capacity exceeding
MW — New and application of one or a combination applicable for S0 MW — New and

plants operating
less than 500
hours per year.

Some
limitations may
exist for wet
FGD if:

- it is for
retrofitting on
existing
combustion
plant operating
less than 1,500
hours per year,

- the
combustion
plant is less
than 300 MWth,
there may be
technical and
economic
restrictions.

For iron and
steel process
gases only:

ESP and
baghouse filters
are only
applicable if a
significant
amount of
auxiliary fuels
with a high ash
content is
burned together
with iron steel
gases.

existing plants
operating more than
300 hours per year
[2][3] (as daily
average):

Chemical industry
process gases — new
and existing plants:
2-10 mg/m*at 3 %
0,

Iron and steel
industry gases:
2-10 mg/m® at 3 %
0,

6.1.1. Coal, lignite and other solid fuels:

For combustion plants burning coal-type solid fuels, the ELV for dust from the AGP [1]
depending on the plant status (new or existing) and the rated thermal power range, expressed at
6% O2 and as monthly averages, are as in the following:

Table 85: Emission limit values of dust for coal-type solid fuels from the AGP [1], expressed as
monthly averages at 6% O in mg/Nm?, depending on the thermal input capacity

ELYV of dust for coal-type solid
fuels (in mg/Nm’ at 6% O,)
Thermal input capacity New plant Existing plant
50-100 MW 20 30
100-300 MW 20 25
Higher than 300 MW 10 20
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In the European BAT conclusions for LCP [3], the dust BAT AEL for LCP burning coal or
lignite, expressed as daily averages at 6% Oz, are as in the following:

Table 86: BAT AEL of dust for coal or lignite from the LCP BAT Conclusions, expressed as
daily averages at 6% O in mg/Nm?, depending on the thermal input capacity [3]

BAT AEL of dust for coal-type
solid fuels (in mg/Nm? at 6%
0y)
Thermal input capacity New plant Existing plant
50-100 MW 4-16 4-22!
100-300 MW 3-15 4-22°
Higher than 300 MW 3-10 3-11°

I: 4-28 mg/Nm?® if put into operation no later than Jan. 2014

2: 4-25 mg/Nm? if put into operation no later than Jan. 2014

3. if put into operation no later than Jan. 2014, 3-20 mg/Nm® if
between 300-1,000 MW and 3-14 mg/Nm? if > 1,000 MW

In the US regulation [32], the ELV are given per energy input or output but converting them
given the approximative thermal efficiencies of the combustion plants and taking the
stoichiometric dry flue-gas volumes given in the BREF document on LCP [2], the dust ELV
for LCP > 73 MWth burning solid fuels range from about 11 to 18 mg/Nm? at 6% O, depending
on the date of construction or modification of the plant.

In the Chinese regulation [33], the ELV of dust for all TPP burning solid fuels are of 30 mg/Nm?
for new and existing facilities, at 6% O». For specific key regions which are more sensitive to
atmospheric pollution and its impact, the ELV is set at 20 mg/Nm? for both existing and new
plants [33].

One specific Chinese programme has introduced ultra-low emission standards for coal-fired
TPP and the ELV for PM is of 10 mg/Nm? [51]. New installations must comply with it by 2015
and 80 % of the total coal-fired capacity must also comply with it by 2030.

In the Indian regulation [34], the dust ELV applied are of 50 mg/Nm? for coal TPP installed in
the period of 2004-2016, and of 30 mg/Nm?® for all sizes of TPP installed in 2017 or later, at
6% Oo.

The aforementioned emission levels can be respected through the application of one or a
combination of the following techniques [2][3]: electrostatic precipitator (ESP), baghouse filter,
boiler sorbent injection, dry, semi-dry or wet FGD when there are SO> emission reduction
technique.

Abatement efficiency of dust abatement systems can be increased. With ESP, the abatement
efficiency can be increased depending on the number of fields (4 to 5 field ESPs, residence time
(size). With bag filters, dimensioning, residence time, ceramic filters or sintered metal filters
are among parameters used to increase efficiency.

In the literature, one study reports that the mean PM concentration achieved for the whole
Chinese coal-fired TPP capacity was of 5.7 mg/Nm® in December 2017 (see Figure 6),
following the introduction of the ultra-low emission standard programme [51]. Shutting down
old and small TPP to build new and larger ones enabled to tackle PM emissions with the use of
pollution control techniques such as very efficient ESP or baghouse filters. Most of the TPP
was already equipped with PM removal techniques but the efficiency of such techniques has
been globally upgraded and, in 2017, 66% of the coal-fired capacity operated with ESP, 9%
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with baghouse filters and 25% with a combination of both technologies [51]. The substitution
of technologies for more-efficient ones enabled to decrease the monthly emission factor of
Chinese PP by more than 83% between 2014 and 2017 [51].
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Figure 6: Evolution of the mean PM concentration of the whole Chinese coal power plan capacity
between 2014 and 2017 [51]

Several reference cases from manufacturers of dust removal techniques, for coal-fired boilers
show that similar or lower emission levels than the BAT AEL are achievable:

e LAB/CNIM dry FGD system, which includes a baghouse filter, enables to reduce dust
concentration from 200 to 10 mg/Nm? for a 134 MWth coal boiler from Solvay Tavaux
(France) [52];

e SOLVAIr DSI technology implementation for a pulverized coal boiler of 229 MWth in
Czech Republic achieves concentration of 15-17 mg/Nm? [53]; for Solvay soda ash
plant (Spain) industrial coal boiler, the DSI technique with a baghouse filter decreased
dust concentration in the exhaust gas from 70 to under 5 mg/Nm? [53].

In the framework of the development of the LCP BREF [2], a benchmark on EU plants was
realized and the proposed BAT AEL are in accordance with the observed emission levels.
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Therefore, based on the assessment carried out in the EU for the development of the BAT
Conclusions [3], the proposal of potential updates of current ELVs, expressed as daily averages
at 6% O3, are as in the following:

Table 87: Proposal of potential updates in dust ELVs from combustion of coal-type solid fuels,
expressed
as daily averages at 6% O, in mg/Nm?, as well as estimated corresponding monthly averages and
update indexes

Potential dust ELV — daily Est. equivalent monthly Undate Index
(in mg/Nm® at 6% O>) averages (mg/Nm® 6% O2) P
Thermal input New Existing New Existing New Existing
capacity
50-100 MW 4-16 4-22! 3-10 3-20 1 1
100-300 MW 3-15 4-22° 2-10 3-18 1 1
> 300 MW 3-10 3-11° 2-7 2-10 2 1

!: 4-28 mg/Nm? if put into operation no later than Jan. 2014

2: 4-25 mg/Nm? if put into operation no later than Jan. 2014

3. if put into operation no later than Jan. 2014, 3-20 mg/Nm? if between 300-1,000 MW
and 3-14 mg/Nm? if > 1,000 MW

The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.

6.1.2. Solid biomass and peat:

For combustion plants burning solid biomass or peat, the emission limit values for dust from
the AGP [1] depending on the plant status (new or existing) and the rated thermal power range,
expressed at 6% O and as monthly averages, are as in the following:

Table 88: Emission limit values of dust for solid biomass or peat from the AGP, expressed as
monthly averages at 6% O in mg/Nm?, depending on the thermal input capacity

Dust ELV
(in mg/Nm® at 6% O>)
Thermal input capacity | New plant | Existing plant
50-100 MW 20 30
100-300 MW 20 20
Higher than 300 MW 20 20

In the European BAT conclusions for LCP [3], the dust BAT AEL for LCP burning solid
biomass or peat, expressed as daily averages at 6% O, are as in the following:
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Table 89: BAT AEL of dust for solid biomass or peat from the LCP BAT Conclusions, expressed
as daily averages at 6% O in mg/Nm?®, depending on the thermal input capacity [3]

BAT AEL of dust for biomass or
peat (in mg/Nm? at 6% O2)
Thermal input capacity New plant Existing plant
50-100 MW 2-10 2-22
100-300 MW 2-10 2-18
Higher than 300 MW 2-10 2-16

In most of foreign regulations assessed, solid biomass is not treated as a own. Therefore, it can
be supposed that solid biomass is included in the solid fuel category and the ELV given in the
chapter 6.1.1 can be considered.

The same reducing techniques as for coal-type solid fuels [2][3] can be applied to achieve the
imposed emission levels, and their potential applicability is of almost 100% as well except for
the conditions given in chapter 6.1.1.

Abatement efficiency of dust abatement systems may be increased. With ESP, the abatement
efficiency can be increased depending on the number of fields (4 to 5 field ESPs, residence time
(size). With bag filters, dimensioning, residence time, ceramic filters or sintered metal filters
are among parameters used to increase efficiency.

Nothing has been found in the literature about recent PM removal technology implementation
on biomass LCP and the relative exhaust gas concentrations achieved.

In the framework of the development of the LCP BREF[2], a benchmark on EU plants has been
realized and the proposed BAT AEL are in accordance with the observed emission levels.

Therefore, based on the assessment carried out in the EU for the development of the BAT
Conclusions, the proposal of potential updates of ELVs, expressed as daily averages at 6% O,
are as in the following:

Table 90: Proposal of potential updates in ELVs for dust emissions from combustion of solid
biomass and peat, expressed as daily averages at 6% O; in mg/Nm?, as well as estimated
corresponding monthly averages and update indexes

Potential dust ELV - daily Est. equivalent monthly Undate Index
(in mg/Nm® at 6% O>) averages (mg/Nm’ 6% O2) P
Therrpal input New Existing New Existing New Existing
capacity
50-100 MW 2-10 2-22 2-7 2-18 1 1
100-300 MW 2-10 2-18 2-7 2-15 1 1
> 300 MW 2-10 2-16 2-7 2-13 1 1

The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.
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6.1.3. Liquid fuels:

For combustion plants burning liquid fuels, the ELV for dust from the AGP [1] depending on
the plant status (new or existing) and the rated thermal power range, expressed at 3% O; and as
monthly averages, are as in the following:

Table 91: Emission limit values of dust for liquid fuels, from the AGP [1], expressed as monthly
averages at 3% O; in mg/Nm®, depending on the thermal input capacity

ELV of dust
(in mg/Nm® at 3% O,)
Thermal input capacity New plant | Existing plant
50-100 MW 20 30
100-300 MW 20 25
Higher than 300 MW 10 20

In the European BAT conclusions for LCP [3], the dust BAT AEL for LCP burning liquid fuels,
expressed as daily averages at 3% O, are as in the following:

Table 92: BAT AEL of dust for liquid fuels from the LCP BAT Conclusions, expressed as daily
averages at 3% O; in mg/Nm?®, depending on the thermal input capacity [3]

BAT AEL of dust for liquid

fuels
(in mg/Nm® at 3% O,)
Thermal input capacity New plant Existing plant
50-100 MW 7-18 7-22!
100-300 MW 7-18 7-22!
Higher than 300 MW 7-10 7-112

I: 7-25 mg/Nm?® if put into operation no later than Jan. 2014
2: 7-15 mg/Nm?® if put into operation no later than Jan. 2014

In addition, from the BAT conclusions for the refining of mineral oil [31], the PM BAT AEL
for multi-fuel firing from combustion plants in refineries is of 5-50 mg/Nm?®, as monthly
average at 3% Oa, the upper value corresponding to a high share of oil burning with only
primary technique applicable.

In the US regulation [32], the converted ELV of dust for LCP > 73 MWth burning liquid fuels
range from about 14 to 22 mg/Nm® at 3% O,, depending on the date of construction or
modification of the plant.

In the Chinese regulation [33], the ELV of dust for all TPP burning liquid fuels are of 30
mg/Nm?® for new and existing facilities, at 3% O, except for key regions where it is imposed at
20 mg/Nm? for both existing and new plants [33].

The aforementioned emission levels can be respected through the application of one or a
combination of the following techniques [2][3]: electrostatic precipitator (ESP), baghouse filter,
multicyclones, dry, semi-dry or wet FGD when they are associated SO emissions. The potential
applicability of these techniques is of almost 100%. The application of wet FGD for plants
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operating less than 500 hours annually is impossible, whereas its implementation for retrofit or
for installations <300 MWth may rise some technical and economic limitations.

Abatement efficiency of dust abatement systems may be increased. With ESP, the abatement
efficiency can be increased depending on the number of fields (4 to 5 field ESPs, residence time
(size). With bag filters, dimensioning, residence time, ceramic filters or sintered metal filters
are among parameters used to increase efficiency.

In the literature review carried out, no reference case of achieved concentrations was found for
PM removal technology for liquid fuels in LCP. For light and medium distillate oils, it is not so
surprising as their ash content is quite low and therefore PM emissions are not a great matter of
concern.

In the framework of the development of the LCP BREF [2], a benchmark on EU plants has
been realized and the proposed BAT AEL are in accordance with the observed emission levels.

Therefore, based on the assessment carried out in the EU for the development of the BAT
Conclusions, the proposal of potential updates of ELVs, expressed as daily averages at 3% O,
are as in the following:

Table 93: Proposal of potential updates in ELVs for dust emissions from combustion of liquid
fuels,
expressed as daily averages at 3% O, in mg/Nm?, as well as estimated corresponding monthly
averages and update indexes

Potential dust ELV - daily Est. equivalent monthly Undate Index
(in mg/Nm® at 3% O,) averages (mg/Nm’ 3% O>) P
Thermal input New Existing New Existing New Existing
capacity
50-100 MW 7-18 7-22! 4-14 4-21 1 1
100-300 MW 7-18 7-22! 4-14 4-21 1 1
>300 MW 7-10 7-117 4-7 4-10 2 1

I: 7-25 mg/Nm?® if put into operation no later than Jan. 2014
2: 7-15 mg/Nm? if put into operation no later than Jan. 2014

The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.

For multi-fuel firing from combustion plants in refineries, the BAT AEL of 5-50 mg/Nm? as
monthly average at 3% O could be considered for the update ELV of the “distillation and
conversion residues from crude oil refining withing refineries and chemical installations” from
the AGP [1], which was set at 50 mg/Nm?. The update index for this ELV is estimated to be 2.

6.1.4. Gaseous fuels:

For combustion plants with a rated thermal power higher than 50 MW burning gaseous fuels,
the ELV for dust from the AGP [1] are as in the following:
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Table 94: Emission limit values of dust for gaseous fuels in the AGP (in mg/Nm® at 3% O,) [1]

Dust emission limit values in
AGP (in mg/Nm? at 3% O»)
Fuel type New plant Existing plant
Natural gas 5 5
Steel industry gas 30 30
Other gases 10 10

In the European BAT conclusions for LCP [3], no BAT AEL is given for dust for natural gas.
For iron and steel process gases (coke oven or blast furnace gas) being burned in LCP > 50
MW, the BAT AEL are of 2-10 mg/Nm? for new and existing plants, as daily averages at 3%
O2[3].

For the process gases from the chemical industry, the BAT AEL for dust are of 2-10 mg/Nm®
for new facilities [3]. For existing plants, the dust BAT AEL are of 2-22 mg/Nm? if < 300 MW
and 2-11 mg/Nm? if > 300 MW.

In the Chinese regulation [33], the dust ELV for TPP burning natural gas is of 5 mg/Nm? for
new and existing facilities, at 3% Ox.

For iron and steel process gases, the emission levels can be respected through the application
of one or a combination of using auxiliary fuel choice, ESP, baghouse filter or flue gas pre-
treatment [2][3]. ESP or baghouse filter is only applicable if an important amount of auxiliary
fuel with a high ash content is used together with the iron and steel process gases [3]. Abatement
efficiency of dust abatement systems may be increased. With ESP, the abatement efficiency
can be increased depending on the number of fields (4 to 5 field ESPs, residence time (size).
With bag filters, dimensioning, residence time, ceramic filters or sintered metal filters are
among parameters used to increase efficiency.

For the chemical industry process gases, ESP, baghouse filter, dry or wet FGD or a combination
of these can be used to achieve the BAT AEL [2][3]. The application of wet FGD for plants
operating less than 500 hours annually is impossible, whereas its implementation for retrofit or
for installations <300 MWth may rise some technical and economic limitations.

In the literature survey carried out, no reference case was found about PM removal technology
for gaseous fuels as their emission level is usually relatively low.

In the framework of the development of the LCP BREF [2], a benchmark on EU plants has
been realized and the proposed BAT AEL are in accordance with the observed emission levels.

In short, the dust ELV for natural gas in the current version of the AGP do not seem to require
updates (i.e., the updates indexes are 3 for these fuels).

For the other gaseous fuels, based on the assessment carried out in the EU for the development
of the BAT Conclusions, the proposal of potential updates of ELVs, expressed as daily
averages at 3% Oz, are as in the following:
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Table 95: Proposal of potential updates in ELVs for dust from combustion of gaseous fuels,
expressed as daily averages at 3% O, in mg/Nm?, as well as estimated corresponding monthly
averages and the update indexes

Potential dust ELV Est. equivalent monthly Undate Index
(in mg/Nm® at 3% O,) | averages (mg/Nm’® 3% O,) P

Therrpal input New Existing New Existing New | Existing
capacity

Natural gas 5* Already as monthly 3 3

average
Iron and steel gas 2-10 2-8 1 1
. - 2-18 i <300
Chemical process gas 2-10 2-10 2-7 2-10 if > 300 2 2

*: the ELV is expressed as monthly average
**: we keep the ELV from the AGP for “other gases” which is of 10 mg/Nm? as the upper value of
the range

The estimation of equivalent monthly averages, from daily and yearly averages, is based on
[35] and is explained at the end of the Chapter 3.1.1.

6.2.Limit values for dust emissions released from mineral oil and gas
refineries

In oil refineries, dust emissions particularly occur during fluid catalytic cracking (FCC). FCC
is a conversion process for upgrading heavy hydrocarbons, using heat and a catalyst to break
larger hydrocarbon molecules into lighter molecules. The EU BREF document [37] reports
ESPs in combination with multistage cyclone separators and centrifugal washers with third
stage ceramic or metal filters to be the most efficient technique for PM emission abatement:

e FElectrostatic precipitators operate such that particles are charged and separated under
the influence of an electrical field. Electrostatic precipitators are capable of operating
under a wide range of conditions. Abatement efficiency may depend on the number of
fields, residence time (size), catalyst properties and upstream particles removal devices.
At FCC units, 3-field ESPs and 4-field ESPs are commonly used. ESPs may be used on
a dry mode or with ammonia injection to improve the particle collection.

e (Common configuration of cyclonic collection devices consist of a single vessel
containing many conventional cyclones or improved swirl-tube technology. For FCC,
performance mainly depends on the particle concentration and size distribution of the
catalyst fines downstream of the regenerator internal cyclones.

e Centrifugal washers combine the cyclone principle and an intensive contact with water
e.g. within a venturi washer. This entails separating the dust by intensively mixing the
incoming gas with water, usually combined with the removal of the coarse particles
through the use of centrifugal force. The removed dust is collected at the bottom of the
scrubber. Also, substances such as SOz, NH3 and some VOC and heavy metals may be
removed.

e Third stage blowback filters are reverse flow (blowback) ceramic or sintered metal
filters where, after retention at the surface as a cake, the solids are dislodged by initiating
a reverse flow. The dislodged solids are then purged from the filter system.
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The proposal for potentially updated ELVs according to the BAT conclusions [31] are listed in
Table 96. The update indexes suggested are 1:

Table 96 Table 2, annex X, proposal of potential updates in ELVs for dust emissions from FCC
regenerators in mineral oil and gas refineris

oil and gas refineries

abatement techniques are

(ESP), multistage

limitations exist for wet

Pag. | Reference and Update | Potential update Description Potential Potential ELVs
Index Applicability (%)

84 Table 2: Limit values Update Index 1 The techniques Almost 100 % for ESPs | 10-25 mg/m® as monthly
for dust emissions are electrostatic and multistage cyclone | average for new plants,
released from mineral Upgraded current precipitators separators, some 10-50 mg/m? for existing

plants, according to EU

ELV for dust (mg/m?) available, especially for cyclone scrubbers BAT conclusions [31]
from FCC regenerators | new plants a reduction is | separators,
50 mg/m* possible centrifugal

washers (venture
washers, wet
scrubbing), third
stage blowback
filter (ceramic or
sintered metal
filters)

6.3.Limit values for dust emissions released from cement clinker and
lime production

As the BATs for dust emission reduction from cement clinker production are similar to those
of lime production and both processes are also included in the same BREF document [39], both
processes are jointly discussed here. The BATs for dust emission abatement are classical fabric
bag filters or ESPs. Fabric filters usually reduce emissions to less than 10 mg/m? but state-of-
the-art ESPs are also reported to achieve emissions of 10 mg/m®. As summarized in Table 97,
there is slight potential for reducing the ELVs. The proposed updates in the limit values are as

in Table 97 and the update indexes suggested are 2:

Table 97: Tables 3 and 4, annex X, proposal of potential updates in ELVs for dust emissions

for dust emissions
released from lime
production

General (existing and
new plants):

20 mg/m?

GP ELV is in the upper
level of the range of
current abatement
technique emissions

are electrostatic
precipitators
(ESP), fabric
filters, hybrid
filters

from cement clinker and lime production

Pag. | Reference and Update | Potential update Description Potential Potential ELVs
Index Applicability (%)

85 Table 3: Limit values Update Index 2 The techniques 100% applicable to all 10-20 mg/m? as daily
for PM emissions are electrostatic types of kilns average [40]
released from cement GP ELV is in the upper precipitators when applying fabric
clinker production level of the range of (ESP), fabric filters or new / upgraded
General (existing and current abatement filters, hybrid ESPs the lower range
new plants): technique emissions filters (10 mg/m?) is achieved
20 mg/m* at 10 % O,

85 Table 4: Limit values Update Index 2 The techniques 100% applicable 10-20 mg/m? as daily

average [40]

when applying fabric
filters or new / upgraded
ESPs the lower range
(10 mg/m?) is achieved
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6.4.Limit values for dust emissions released from iron and steel
production

In the different processing steps of iron and steel production, typical abatement techniques for
dust reduction including both dry (e.g. ESP or bag filter) and wet dedusting (e.g. wet ESP or
scrubber) are applied [42]. The applied technologies depend on the processing step and the
associated emissions. The proposals for update of limit values are as Erreur ! Référence non
valide pour un signet.. They are characterised as update index 1, 2 or 3:

Table 98 summarizes the abatement techniques and related emission levels for the respective
step in steel and iron production. Particularly in the case of sinter plant emissions, an adjustment
of the ELVs in Annex X of the Gothenburg Protocol seem reasonable.

The proposals for update of limit values are as Erreur ! Référence non valide pour un signet..
They are characterised as update index 1, 2 or 3:

Table 98: Table 5, annex X, proposal of potential updates in ELVs of dust from iron and steel
production facilities

for dust emissions

are electrostatic

Pag. | Reference and Update | Potential update Description Potential Potential ELVs
Index Applicability (%)
85 Table 5: Limit values Update Index 1 The techniques Almost 100 % 10-15 mg/m® if a bag

filter is used, with an

released from primary Adjustment of ELV precipitators ESP 20-40 mg/m®
iron and steel possible (ESP), fabric measured as daily
production filters, hybrid average [43]
filters [42][43]
Sinter plant:
50 mg/m?
Pelletization plant: Update Index 3 The techniques Almost 100 % 20 mg/m? for crushing,

20 mg/m? for crushing
and grinding, 15
mg/m? for the rest

GP ELV is in the upper
level of the range of
current abatement
technique emissions

are electrostatic
precipitators
(ESP), fabric
filters, hybrid
filters [42][43]

10-15 mg/m® for the
rest
(daily average) [43]

Blast furnace: Hot Update Index 3 Dry dedusting Almost 100 % <20 mg/m®according
stoves (>2.5 t/hour) 10 (ESP or Filters) to EU BREF
mg/m? [42][43] conclusions
(daily average) [43]

Basic oxygen Update Index 2 Dry dedusting Almost 100 % 10-30 mg/m® according
steelmaking and (ESP or Filters), to EU BREF
casting (>2.5 t/hour) 30 | GP ELV is in the upper wet dedusting conclusions
mg/m’ level of the range of (wet ESPs or (daily average) [43]

current abatement scrubbers)

technique emissions [42][43]
Electric steelmaking Update Index 2 Direct off-gas Almost 100 %, 5 mg/m?
and casting (>2.5 extraction and adjustment for existing | (daily average) for new
t/hour) Adjustment of ELV hood system / plants could be difficult | and existing plants [43]

15 mg/m’ for existing,
5 mg/m’ for new

possible for existing
installations

doghouse system
[42][43]

6.5.Limit values for dust emissions released from iron foundries

The BATs for dust emission abatement are classical bag filters or ESPs or even wet scrubbing
systems. Wet scrubbing entails separating the dust by intensively mixing the incoming gas with
water, usually combined with the removal of the coarse particles through the use of centrifugal
force [42]. The removed dust is collected at the bottom of the scrubber. In case of an ESP,
higher emission values are reported as compared to a bag filter or a wet scrubbing system.
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The proposals for update of limit values are as in the following. They are characterised as update
index 2:

Table 99: Table 6, annex X, proposal of potential updates in ELVs of dust from iron foundaries

for PM emissions
released iron foundries

Iron foundries (>20
t/day):

20 mg/m?

For all furnaces
(cupola, induction,

GP ELV is in the upper
level of the range of
current abatement
technique emissions

are electrostatic
precipitators
(ESP), fabric
filters, or wet
scrubbing
[42][43]

Pag. | Reference and Update | Potential update Description Potential Potential ELVs
Index Applicability (%)
85 Table 6: Limit values Update Index 2 The techniques Almost 100 %. 5 to 20 mg/m® with bag

filters or wet scrubbing
systems measured as
daily average [43]

rotary) and all

mouldings (lost,

permanent)

Hot and cold rolling Update Index 2 The techniques Almost 100 % 5 to 20 mg/m® with bag
20 mg/m3, 50 in case are electrostatic filters,

bag filters cannot be GP ELV is in the upper precipitators >40 mg/ mg/m?> with
applied level of the range of (ESP) or fabric ESPs

current abatement

filters [42][43]

(daily average) [43]

technique emissions

6.6.Limit values for dust emissions released from non-ferrous metal
production

Annex X (Table 7) of the Gothenburg Protocol only provides one overall ELV for overall non-
ferrous metals production. Even though the abatement techniques for dust emissions are
relatively similar consisting of bag filters, ESPs or wet scrubbers, the processes and processing
steps for primary and secondary metal production are different for each metal and so are the
abatement techniques and ELVs. It therefore does not seem reasonable to compare the ELV of
20 mg/m’ to existing literature values of current BATs. In 2017, the European Joint Research
Centre (JRC) released a BREF document for nonferrous metals [45]. Comparison of emission
levels to the European BAT conclusions showed that the BREF document is up-to-date and
provides vast information on respective abatement technologies. This was also confirmed by
industry staff and experts from environmental agencies in earlier TFTEI activities regarding air
emissions from aluminium production. It would therefore be possible to provide differentiated
ELVs for various processing steps for respective non-ferrous metals (copper, aluminium,
nickel, lead, etc.) comparable to the more detailed ELVs of iron and steel production listed in
The proposals for update of limit values are as Erreur ! Référence non valide pour un signet..
They are characterised as update index 1, 2 or 3:

Table 98.
The proposals for update of limit values are as in the following. They are characterised as update

index 1:

Table 100: Table 7, annex X, proposal of potential updates in ELVs for dust emissions from non
ferrous metals production

Pa | Reference and Potential update Description Potential Potential ELVs

g. Update Index Applicability (%)

85 Table 7: Limit Update Index 1 The techniques | Almost 100 % Overall ELV not
values for dust are useful, higher
emissions released Update with more electrostatic differentiation
from non-ferrous details regarding precipitators necessary, see iron
metals production main metals such as (ESP), fabric and steel
and processing aluminium, copper, filters, hybrid production

filters, partly
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Pa | Reference and Potential update Description Potential Potential ELVs
g. Update Index Applicability (%)
ELV for dust nickel. lead etc. is wet scrubbers
(mg/m®): necessary for some
20 mg/m? furnaces [15],
very detailed
information
from the EU
BREF
available

6.7.Limit values for dust emissions released from glass production

Beside primary measures regarding the handling and properties of raw material input, the BATs
for dust emission abatement from glass production are classical bag filters or ESPs. As
summarized in Table 101, the emission values in Annex X of the Gothenburg Protocol are in
the range of emission levels reported in the European BREF document and BAT conclusions
[46][47] except for existing plants.

The proposals for update of limit values are as in Table 101. They are characterised as update
index 1 or 2:

Table 101: Table 8, annex X, proposal of potential updates in ELVs for dust emissions from
glass production

production level of the range of modification) the | are not able to reach
current abatement techniques are concentrations below
ELV for dust (mg/m?) technique emissions electrostatic 1000 mg/m’.

for new installations:
20 mg/m?

precipitators
(ESP) and fabric
filters [46]

Pag. | Reference and Update | Potential update Description Potential Potential ELVs
Index Applicability (%)

86 Table 8: Limit values Update Index 2 Beside primary Almost 100 %. Some 10 to 20 mg/m® with bag
for dust emissions measures (raw limitations may exist if | filters
released from glass GP ELV is in the upper material the primary measures (daily average) [47]

ELV for dust (mg/m?)
for existing
installations:

30 mg/m’®

Update Index 1

Update possible
according to reference
values in the EU BAT

The techniques
are electrostatic
precipitators
(ESP) and fabric
filters [[46]

Almost 100 %

10 to 20 mg/m® with bag
filters
(daily average) [[47]

conclusions

6.8.Limit values for dust emissions released from pulp production

The separation of dust during pulp production is carried out in an electrostatic precipitator or
multistage cyclone. The sulphite process produces wood pulp that is almost pure cellulose fibers
by treating wood chips with solutions of sulphite and bisulphite ions. There are different
variations of this process depending on the sulphite salt used (mainly magnesium or
ammonium).

For the magnesium sulphite process, the dust retained in the ESP consists mainly of MgO but
also to a minor extent, K, Na or Ca compounds. The recovered MgO ash is suspended with
water and cleaned by washing and slaking to form Mg(OH), which is then used as an alkaline
scrubbing solution in the multistage scrubbers in order to recover the sulphur component of the
cooking chemicals.

For the ammonium sulphite process, the ammonia base (NH3) is not recovered, as it is
decomposed in the combustion process in nitrogen. After the removal of dust, the flue-gas is
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cooled down by passing through a cooling scrubber operated with water and it then enters a
three or more staged scrubber of the flue-gas where the SO> emissions are scrubbed with the
Mg(OH), alkaline solution in the case of the magnesium sulphite process, and with a 100 %
fresh NH3 solution in the case of the ammonium sulphite process [48].

The proposals for potentially updated ELVs achievable with these abatement techniques are
summarized in Table 102. Particularly in the recovery boiler and lime kiln and adjustment of
the ELVs from Annex X of the Gothenburg protocol seems realistic. The proposals are

characterised as update index 1 or 2:

Table 102: Table 9, annex X, proposal of potential updates in ELVs for dust emissions released

from pulp production

production level of the range of (ESPs) [48] or a
current abatement combination of a

Auxiliary boiler ELV technique emissions ESP and a wet

for dust (mg/m?): scrubber

40 mg/m* when firing

liquid fuels (at 3%

oxygen content) 30
mg/m?® when firing
solid fuels (at 6%
oxygen content)

Pag. | Reference and Update | Potential update Description Potential Potential ELVs
Index Applicability (%)

86 Table 9: Limit values Update Index 2 The techniques Almost 100 %, some 20 to 40 mg/m? as
for dust emissions are electrostatic limitations for wet yearly average
released from pulp GP ELV is in the upper precipitators scrubbers possible [49]

Recovery boiler and
lime kiln:
50 mg/m?

Update Index 1

Separation of boiler and

The techniques
are electrostatic
precipitators

Almost 100 %, some
limitations for wet
scrubbers possible

10-20 mg/m® for
recovery boilers and 10-
30 mg/m® for the lime

kiln
(yearly average)
[49]

lime kiln possible (ESPs) or wet
alkaline

scrubbers [48]

6.9.Limit values for dust emissions released from waste incineration

Flue gas treatment of waste incineration is a complex multi-stage process including different
filtering and scrubbing processes to remove SO» NOx, HF, HCI and further pollutants. Usually,
there is a pre-dedusting stage before other flue-gas treatments. This pre-dedusting may include:
e cyclones and multi-cyclones (generally in combination with other FGC components for
the efficient capture of the finer dust fractions);
e clectrostatic precipitators (ESPs);
e Dbag filters (BFs).

Subsequently, flue gas polishing is performed for efficient reduction of PM emissions. This
may include the following techniques, depending on local conditions and process specifics:
bag filters;

wet ESPs;

electrodynamic Venturi scrubbers;

agglo-filtering modules;

ionising wet scrubbers.

The proposals of update of ELV are listed in Table 103. As illustrated here, particularly with
the subsequent use of wet scrubbers and bag filters for flue gas polishing, there is potential to
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update PM ELVs listed in Annex X, table 10 of the Gothenburg Protocol. An update index of
2 is proposed.

Table 103: Table 10, annex X, proposal of potential updates in ELVs for dust emissions released
from waste incineration plants

Pag. | Reference and Update | Potential update Description Potential Potential ELVs
Index Applicability (%)
86 Table 10: Limit values | Update Index 2 The techniques Almost 100 % 5 mg/m® with bag filters

for dust emissions are (wet) and wet scrubber

released from waste GP ELV is in the range electrostatic 5-20 mg/m® with wet

incineration of current abatement precipitators ESP and multi cyclone
technique emissions (ESP), fabric bag systems

Municipal waste filters, or (daily average) [50]

incineration plants (> 3
Mg/hour): 10 mg/m?

cyclones and
multi cyclones
for pre-dedusting,
and wet
scrubbers (mainly
for SO,, HCI and

HF) [50]
Hazardous and medical | Update Index 2 The techniques Almost 100 % 5 mg/m?® with bag filters
waste incineration (> 1 are (wet) and wet scrubbers
Mg/hour): GP ELV is in the range electrostatic 5-20 mg/m® with wet

10 mg/m? at 11 %
oxygen content in the
dry base

of current abatement
technique emissions

precipitators
(ESP), fabric bag
filters, or
cyclones and
multi cyclones
for pre-dedusting,
and wet
scrubbers [50]

ESP and multi cyclone
systems
(daily average) [50]

6.10. Limit values for dust emissions released from titanium dioxide
production

Dust is a major concern during raw material preparation for titanium dioxide production, while
in the digestion step and the following processing steps wet acid and caustic scrubbers as
described in section above are used to avoid SO or chlorine emissions. This also removes PM
from the waste gases making the initial raw material processing the major source of dust
emissions. The best technique to reduce dust emissions from the handling, drying and milling
of the ore is to use high integrity bag filters with appropriate filter cloth material and a
maintenance routine to control dust losses. According to the EU BREF document [38], the
achievable emission levels both for the sulphate process and the chloride process are below the
current ELVs in Table 11, Annex X of the Gothenburg Protocol. Hence, there is potential for
adjusting the ELVs. The proposals of update of ELV are characterised as update index 1:

Table 104: Table 11, annex X, proposal of potential updates in ELVs for dust emissions
released from titanium dioxide production

Potential Potential ELVs

Pag. | Reference and Update

Index

Potential update

Description

Applicability (%)

86 Table 11: Limit values | Update Index 1 The techniques Almost 100 %. 5-20 mg/m® as daily
for dust emissions are high integrity average, or 0.004-0.45
released from titanium Update possible fabric bag filters kg/t TiO, [38]
dioxide production according to BAT with appropriate

related emission levels filter cloth [38]
Sulphate process, total from the EU BREF
PM emissions: documents

50 mg/m’
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Pag. | Reference and Update | Potential update Description Potential Potential ELVs

Index Applicability (%)
Chloride process, total Update Index 1 The techniques Almost 100 % <20 mg/m? as daily
emission: are high integrity average, or 0.1-0.2 kg/t
50 mg/m? Update possible fabric bag filters TiO, [38]

according to BAT with appropriate

related emission levels filter cloth [38]

from the EU BREF

documents

6.11. Limit values of dust for residential combustion installations
with a rated thermal input < 500 kW

6.11.1. Context

Domestic biomass and fossil solid fuel burning is source of large PM> s emissions including BC
and PAH, in the UNECE region. According to the UNECE assessment “Prioritizing reductions
of particulate matter from sources that are also significant sources of black carbon - analysis
and guidance” of 2021 [21], measures to reduce PMzsemissions from domestic wood burning
in boilers and stoves should be prioritized to also achieve reduction of BC emissions. This is
the conclusion in any of the three regions' of UNECE covered by the assessment.

In the Frame of the UNECE Air Convention the “Code of good practice for wood-burning and
small combustion installations” was developed and adopted in 2019 [23]. This document
responds to the needs to inform the general public of the impact of wood burning, on air
pollution and human health and how the final users can contribute to the reduction of PM
emissions, which have multiple sources. The following main topics are addressed in the
document:

a) Available best practices for domestic wood heating in order to minimize
emissions and increase efficiency, reducing expenditure due to decreased use of
wood and storage needs and the use of wood, while reducing the negative impact
on the environment and the human health;

b) The best heating devices currently available on the market;

c) The proper origin and characteristics of wood biomass with a focus on the need
to burn dry, clean wood and thus avoiding use of composite, treated and/or
contaminated wood.

The aim of the current chapter is the assessment of the ELVs proposed for residential
combustion installations burning solid fuels, with a rated thermal input < 500 kW, as of annex
X, table 12 to the Gothenburg Protocol, which could be potentially updated as consequence of
the technological progress made in this type of installations, during the 12 years after the
adoption of the AGP.

In this chapter, the possible evolution of standards and possible implementation of ELVs for
domestic appliances are examined.

! The three regions assessed. The first region consists of Belarus, the Republic of Moldova, the Russian Federation
(European part only) and Ukraine, the four Eastern European countries available for analysis with the European
online version of the GAINS model. The second region consists of Albania, Bosnia and Herzegovina, Montenegro,
North Macedonia, Serbia and Turkey, as well as Kosovo. The third region consists of the Member States of the
European Union and Norway, Switzerland and the United Kingdom of Great Britain and Northern Ireland.
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6.11.2. PM and BC emission measurement methods and test procedures

A complex issue to discuss PM emissions and possible new ELVs for domestic heating
appliances using solid biomass or solid fossil fuels, is linked to the definition of PM and the
measurement methods of PM. This issue has already been examined in the scope of the Air
Convention especially with the assessment report: “How should condensable be included in PM
emission inventories report to EMEP/CLRTAP?”, of the expert group on condensable organics
organised by MSC-W in 2020 [25] and it is still being discussed in the scope of EMEP,
recognising the importance of condensables. If it appears clear that condensable PM need to be
included in models to better reflect PM concentrations and better assess health impacts of real-
world ambient PM concentrations, currently PM emission inventories are still a mix of different
PMs, as illustrated below.

Primary particulate matter (PPM), also named total particulate matter (TPM), is the sum of
filtrable particulate matter (FPM) or solid particulate matter and condensable particulate matter
(CPM) [25]. The FPM fraction includes soot/black carbon (BC), ash, non-volatile (filterable)
organic matter (FPOA), and other compounds. The CPM fraction includes inorganic
compounds (mostly sulphates from sulphur present in fuels) and the particle phase of
‘condensable’ organic aerosol (CPOA) which is a class of compounds, of low volatility, which
are in form of vapour phase inside the flue stack (or exhaust), but which may partition between
the gas and particle (condensed) phase upon cooling and dilution.

Currently measurement methods may determine the solid fraction of PM only (filtrable
particles) or both the filtrable solid fraction and condensable of PM, together.

The PM limit values in annex X of the Gothenburg Protocol can be considered representing
FPM only, due to the methods used to measure PM concentrations, in most of the cases.

6.11.2.1. PM emission measurement methods

The test methods, used for standardisation of domestic heating appliances with solid fuels, for
controlling PM emissions in stack and for estimating PM emissions from the appliances, are
numerous and different, both including or not including condensables in total PM (filtrable plus
condensable). Such situation leads to confusion, conflicting results and difficulty of
interpretation of measurement results and appliance efficiency.

The recent assessment made by IEA Bioenergy “Status of PM emission measurement methods
and new development” [75], provides an excellent overview of the situation and the complexity
of the issue. This report draws attention to the diversity of gravimetric PM emission
measurement methods and to the need for method development and international
harmonization. An inventory of existing standards and their characteristics was prepared,
followed by a compilation of laboratory experience concerning method-based factors which
influence the measured particle emissions. The recent approach for a modified international
method was also discussed, the so-called "EN-PME method" [76].

The following figure illustrates the different types of measurement methods and their capacity
to represent solid particles (or FPM or SP) and condensables [77] (CPM). The EM_PME Test
has been added by INERIS [87]. The filter method is the most frequently used method to
measure PM concentrations in stack, in most of EU Member states, able to provide
concentrations of solid particles only, sampled from hot flus gases on filter at 160°C (SP). In
Norway, the dilution tunnel, able to monitor both SPM and CPM, is used. In the US, methods
able to monitor both SPM and CPM are used and are based on the dilution tunnel method or on
the SPC method (filter and impinger). PM ELVs, as they are indicated in the Annex X to the
Gothenburg Protocol [1], are considering solid particles, only.
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Figure 7: Comparison of PM sampling with PM in the ambient [77] and for the comparison with
EM-PME-test [87]

SP: Filter (Method a) resulting in solid particles SP (total suspended particles TSP).
SPC: Filter + Impinger (Method b) resulting in solid particles and condensables SPC.

DT: Dilution Tunnel (Method c¢) with typical dilution ratio (DR) in the order of 10 resulting in a PM measurement including
SPC and most or all C. DT is identical or slightly smaller than SPC + C due to potentially incomplete condensation, depending
on dilution ratio and sampling temperature (since dilution reduces not only the temperature but also the partial pressure of
contaminants).

DS: Dilution Sampling with high dilution ratio (DR > 100).
PM10: Total Particulate Matter < 10 microns in the ambient including SP and SOA

SOA: Secondary organic aerosols, consisting of condensables C at ambient and SOA formed by secondary reactions such
as photochemical oxidation.

The following table presents the PM measurement methods, used by or for different standards
in the EU, in Norway or in the US. This table form INERIS [87], was adapted by TFTEI with
information provided by reference [111].

Table 105: PM measurement methods used in the different standards, from [87] adapted and

completed by TFTEI
Methods of measure of PM SP SPC DT Electro-
filter
EN 13240 for Room heaters fired
by solid fuels — requirement and
test methods
Methods for PM measurement
according to CEN TS 15883 X X X
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Methods of measure of PM

SP

SPC

DT

Electro-
filter

EN 13229 for inset appliances
including open fireplaces—
requirement and test methods

Methods for PM measurement
according to CEN TS 15883

EN 14785 for Residential space
heating appliances fired by wood
pellets - Requirements and test
methods

Methods for PM measurement
according to CEN TS 15883

EN 15250 for slow heat release
appliances fired by solid fuels -
requirement and test methods
(mass stoves)

Methods for PM measurement
according to CEN TS 15883

EN 12809 Residential
independent boilers fired by solid
fuel - Nominal heat output up to
50 kW - Requirements and test
methods

Methods for PM measurement
according to CEN TS 15883

EN 303-5 — 2020 for central
heating boilers up to 500 kW

EN 16510-1 (2018)®)

PrEN 16510-1 modified to be
adopted in 2022

x with
EnPME

US EPA 5H

US EPA 5G

NS 3058

EU regulation 1185/2015

“Flame Verte” label (F)

Blue Angel (D)
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(1) In 2018, part 1 of the new standard EN 16510 'Domestic combustion appliances for solid fuels -
Part 1: General requirements and testing methods' was published [21]. It replaces standards EN 13240
for freestanding stoves, EN 13229 for inset appliances and open fireplaces, and EN 12809 for boiler-
stoves up to 50 kW. The new standard describes the test methods and the measurement methods for CO,
NOx, OGC and dust in a more detailed manner than the existing standards but without contradicting
them [9].

As it stands currently, the main regulatory requirements to be met by manufacturers of solid
fuel burning appliances include the Construction Products Regulations (CPR), Energy
Labelling Regulations requirements for efficiency and safe use [112][111].

From 1% January 2022 (1% January 2020 for independent boilers), appliances will also be
required to meet the recently published Eco-design regulations [17][18], which sets new
efficiency and emission criteria for appliances to be legally sold on the EU market.

The existing European standards such as EN 13240, EN 13329, EN 14785, EN 15250, EN
12809, specify requirements relating to the design, manufacture, construction, safety and
performance (efficiency and emission) instructions and marking together with associated test
methods and test fuels for the appliances they cover.

They are still in operation even if the new standard EN16510-1 (2018) (Residential solid fuel
burning appliances — emissions test methods) has been published in 2018 for domestic
combustion appliances with solid fuels [21]. The standard EN16510-1 (2018) contains the
newly developed general provisions relating to the design, manufacture, construction, safety
and performance of appliances fired by solid fuel. To meet compliance with the appropriate
regulations detailed above, manufacturers are required to verify the safety of their products
through testing to the applicable test standard aligned with the regulation. The scope of EN
16510-1 currently covers solid fuel room heaters, inset appliances, open fires, cookers,
independent boiler up to S0kW, slow heat release appliances and pellet appliances. These items
will be covered under the subsequent sub parts to the standard parts 2-1 to 2-6 [112]. This
standard is still under development with the purpose of superseding the current set of test
standard in publication (i.e., EN 13229 (inset room heaters & open fires), EN 13240
(freestanding room heaters, EN 12815 (cookers) and EN 12809 (up to 50kW independent boiler
appliances)).

In these existing European standards (before EN 16510-1 published in 2018), only CO
measurement was required and measured. The Commission published technical specifications
in 2008 to help measurement of different parameters required in the standards and notably the
measurement of PM emissions of residential solid fuel burning appliances. These technical
specifications [20] described three measurement methods of PM: a method named in the
technical standard “Austrian and German particle test methods™ corresponding to the solid
particles (SP) method, the Norwegian particle test method based on the dilution tunnel and the
UK particle test method using an electrostatic precipitator (ESP).

In fact, any of these measurement methods could be used, however most of countries in Europe
used the SP method, Norway and Nordic countries the dilution tunnel method and UK the ESP
method.

For more information, the references [9][75][76] provide more details on the different
measurement methods and standards used in the EU, Norway, US and Canada.

In summary, C. Schon [75] concludes that the need for method harmonization is obvious and
that efforts for harmonisation and comprehensive specification of methods for determining PM
emissions need to be strengthened.
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In EN 16510-1 the emission measurement methods for NOx, OGC and PM (Annexes D, E and
F of the standard) are specified in a more detailed way than the previous specifications and the
test procedure for the type test is specified more clearly than in the previous CEN / TR 15883
[20], which will be replaced by EN 16510-1. The new EN 16510-1 includes the methodologies
for the heated filter and a variant of the dilution tunnel methodology [21] (For those
manufacturers wishing to confirm compliance by the electrostatic precipitator they can still use
TS15883 methodology in line with UK clean air act requirements [112].

Research works to implement many of the findings of the study [75] were carried out and the
results were the setup of a new method in the EN-PME project [76]. The EM-PME method [76]
is basically requiring the use of a new probe for a heated filter method with a controlled and
constant temperature of 180 °C at the filter, a simplified 90° orientation of the nozzle in the flue
gas duct, a fixed inner nozzle diameter of only 7.5 mm to guarantee high sampling gas velocities
and a quantification of PM deposit in the probe by clean purge air rinsing which is then
conducted over a clean filter after each measurement. Furthermore, VOC shall inseparably and
always be determined along with PM emissions. This requirement follows the hypothesis that
VOC is a suitable parameter to characterize the potential formation of aerosol particles from
incomplete combustion. Thus, a parallel VOC measurement becomes an integral and
inseparable part of the EN-PME method, and VOC shall be analysed at the same sampling
temperature of 180 °C as applied during PM filtration.

It has to be well understood that the EN-PME method is not a method to determine
condensables. Recently, a scientific project suggested EN-PME test method as temporary test
method for particles (similar to heat filter technique) from wood heating [41]. The direct
comparison of the EN-PME sampling method and NS3058 (based on dilution tunnel) in parallel
from the current experimental campaign showed that emissions from the NS measurements are
11 times higher with 108 mg MJ! compared to EN-PME test with 14 mg MJ"'. The differences
range between 2 until 60 times and is largely due to condensables [95].

There were discussions concerning the use of this EN-PME method within the European
standardization group of CEN TS 295 (WG 5). The EN-PME has been finally adopted and a
revised standard EN16510-1 should be published in 2022 [111]. This new EN standard will be
fully operational for the revision of the Eco design directive (scheduled by 2024) and the
regulation 2015/1185.

6.11.2.2. Test procedures

Another issue concerning official type test in the EU, is that stove performances and efficiencies
are assessed under well-defined conditions. This approach enables a high reliability of test
results but leads to test results which are usually out of reach in the real-life operation
[88].

The following table is taken from a study, carried out by INERIS, on the impact of different
combustion conditions on PM emissions [93].

NOx emissions are only lightly influenced by the combustion parameters. This consideration
confirms that the improvements in the combustion quality does not lead to an increase in the
temperature, sufficient to generate thermal NOx. The latter are produced at higher temperatures.
NOx is mainly due to the presence of nitrogen in the wood. The impact on the efficiency of all
the analysed parameters is relatively modest, apart from the comparison between the tests made
on the complete combustion cycle and the normative tests (duration 30 minutes). The failure to
consider the entire burned fuel, in the calculations, leads to an overestimation of the thermal
efficiency. The condensable fraction can represent, on average, 64% of the total particles, but
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it has not been systematically studied in the cases examined in ref [87], resulting in lowering
the quality of knowledge of the emissions. The solid and condensable fractions of PM can
change both as absolute value and as fraction, according to the parameters tested.

Table 106: Main parameters influencing PM emissions according to INERIS [93]

Humidity > Burn rate Type of wood Bark (with / Ignition mode
25%/15% (reduced / without)
nominal
CcO high high no impact | Warm/cold:
Bas/haut: high
VOCt high high Warm/cold:
Bas/haut: high
NOx low low low Warm/cold: low
Bas/haut: low
PM high high high high Warm/cold: high
Bas/haut: high
Energy low no impact | Warm/cold: low
: Bas/haut: high
efficiency
Combustion phase Load Test plat form Furnace aging
(partial/nominal)
CO high low low unknown
VOCt high low unknown
NOx low no impact unknown
PM high low low high for tight
appliances
Energy low low unknown
efficiency

The study “advanced test methods for firewood stoves” [88] provides an overview of the most
important test methods, adopted worldwide. The major differences regarding the testing
procedure and applied measuring methods are illustrated. The report also presents an overview
of different scientific studies, in which test protocols, allegedly better reflecting the real-life
operation, were applied, for example, to investigate emission factors in different stove
technologies. In the analysis, those test procedures (as well as the beReal test protocol [96]) are
illustrated and the emission and efficiency results are compared to official type test results,
results of field tests and proposed emission factors.

The comparison of field test results shows basically a technological improvement in the
firewood stoves, over the last decades. But in comparison with official type test results, the
improvements are significantly higher. Furthermore, serial-produced stoves, initially tested in
accordance with the former EN 13240 standard, and then re-tested according to the EN16150,
now used, show much higher level of emissions and lower efficiency, compared to official type
test results of the respective stove models. The beReal test was examined and it showed a good
agreement between the test results in lab and test results on field. However, the thermal
efficiency is still overestimated by the lab test, compared to the test on field.

The following key findings and conclusions are provided by [88]:

o Testing conditions of current European standards evaluating the emissions and thermal
efficiency of firewood ambient heating appliances are well controlled and provide the
basis for optimal results for the tested appliance. The most relevant difference of EN type
test standards, compared to international standards, is that in most of the cases the nominal
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load is evaluated only whereas, for example, test protocols in Canada and US, evaluate
the performance at several load values.

o PM emission results highly depend on the applied measuring method. For a better
comparability of the different test results, a PM measurement method, commonly adopted
in Europe, is needed, in order to achieve sufficient comparability between different
products.

o The comparison of field test results showed a general trend of technological improvement
in firewood stoves, over the last decades. However, the comparison of official type test
results with tests on field, confirmed that usual heating operation results in significantly
higher emissions and lower efficiencies.

o Official type test results were not replicable on serial-produced stoves, in
comprehensive lab tests. The implementation of a market surveillance concept
represents an effective measure to guarantee a constant product quality of appliances on
sale.

0 In future, the new Eco-design requirements will set an equal benchmark of performance
criteria for new stove technologies, in Europe. However, the effect of improving the real-
life situation is limited due to the fact that the new requirements are still referred to the
official type test results.

0 Real-life oriented test concepts (e.g., beReal) are able to reflect the real-life performance
of the appliances, better compared to existing EN standards. The implementation of a
real-life oriented test protocol. as quality label or standard, should be considered as an
instrument to push the technological development towards the optimized real-life
operation and to enable a better differentiation of good and poor quality products for the
benefit of the end user customers.

It is concluded that the implementation of a real-life reflecting test protocol (e.g., beReal),
as a quality label or standard, should be considered as an instrument to push further the
technological development towards the optimized real-life operation. Additionally, this
would also enable a better differentiation of good and poor quality products for the benefit of
the end user customers, regarding typical real-life use.

6.11.2.3. BC emission measurement methods

No country (including the EU Member States, the Nordic countries and U.S./Canada) has BC
standards so according to the International Cryosphere Climate Initiative (ICCI) a great
potential exists for regulation and voluntary “climate-friendly” standards, for new stoves,
through producers and eco-labelling programs [101].

Currently, a protocol has been developed and subsequently tested in 2012-2015 by Nordic test
and research institutes, with Danish Technological Institute as project manager [102]. This
protocol describes a potential standardized procedure for measurements of BC in terms of both
EC (Elemental Carbon) and OC (Organic Carbon) generated in residential wood burning stoves.
According to the authors, such the standardized test, Nordic Swan Ecolabel could be used for
voluntary eco-labelling of wood stoves, and also by manufacturers interested in testing and
developing extremely low-emission, low-black carbon, ‘“climate-friendly” stoves. The
development of this testing protocol was part of a project supported by the Nordic Council of
Ministers, the Climate and Clean Air Coalition (CCAC) and implemented by the International
Cryosphere Climate Initiative (ICCI). Such testing protocol (ICCI protocol) could be used by
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national laboratories interested in establishing a standardized baseline for stove comparison, in
terms of black carbon emissions.

The protocol provides for a “piggyback test”, which could be conducted on top of the NS3058
Full Flow Dilution Tunnel test, or similar multiple burn rate testing procedures for EC and OC
(such as those indicated by the U.S.E.P.A.). Also in this case, the testing protocol could be used
by national laboratories interested in establishing a standardized baseline for stove comparison,
concerning the black carbon emissions [102].

The on-going work will also ascertain the applicability of some of these procedures to so-called
single burn rate or “hot gas” testing procedures, currently in use in many countries of the
European Union [102].

Such a protocol, although adapted to the specific case, was used in study [104]. Three stoves
spanning a range of manufacturing year/certification status were tested using a slightly modified
BC protocol at the U.S. EPA wood stove test facility. Continuous measurements of gas phase
emissions (CO2, CO, THC (Total Hydrocarbon Compounds), and NOx) and particle phase
emissions (PM, BC) were conducted throughout the test. Filter samples were collected as
specified in the BC protocol to derive BC emission factors.

BC emission factors were calculated by several different methods: total capture, carbon balance,
and online sampling/measurement. The total capture method is specified in the BC protocol and
requires accurate measurement of the duct velocity, sample velocity, and mass loss during the
test. The carbon balance requires measurement of all carbon containing pollutants and it is
assumed that all the carbon in the fuel is emitted in the exhaust gases. The online method uses
the carbon balance for calculating the emission factor but relies on the online BC measurement
from the Aethalometer-33, as opposed to the filter measurement of EC, used in both the BC
protocol and the BC carbon balance emission factor. Difficulties were encountered at several
levels, in filter samples, due to some discontinuities during the test.

The BC protocol emission factors are generally higher than the values in the two other methods
(0.9 — 3.8 times greater). However, for most of the tests, the BC protocol and the online BC
emission factors resulted similar, with a few tests skewing the average ratio toward higher
values. The protocol calls for an adjustment.

Most of the deviations from the BC protocol were made to face the high PM concentrations and
to prevent filter overloading. Stoves with larger combustion chamber volumes had longer test
durations, which also made difficult to avoid the overloading of the filter. ICCI BC emission
factors were generally higher than those calculated using the carbon balance method, likely due
to the adjustment for particle losses included in the ICCI calculation. A further analysis was
recommended by this study to determine the impact of the test facility on the BC emission
factor.

Under the project [103], NESCAUM measured black carbon from wood stoves, by using an
optical transmission method. A modified Magee Scientific AE-22-ER Aethalometer BC
analyser was run, in manual tape advance mode, to make 5-second BC measurements in a
Method 5G dilution tunnel (the Aethalometer filter spot loading artefact was corrected using a
specific approach). No difficulty was highlighted, but the study is not completely finished, yet.
The BC emissions are as follows according to the different burn phase. Ignition phase is also
considered.
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Table 107: Stove descriptions, PM certification values, and average dry BC EF [103]

Stove # | # of test | Construction | Firebox | Emission EPA 2015 NSPS Dry BC
runs Type Size Controls Certification Value EF, g/kg
Stove ] | 4 High mass Large Non-catalytic Step 1 cert value <3.0 g/hr | 0.116
Stove2 |1 High mass Small Catalytic Step 2 cert value <2.0 g/hr | 0.107*
Stove3 | 1 Steel Large Catalytic Step 1 cert value <2.0 g/hr | 0.047*
Stove4 |1 Cast iron Small Non-catalytic Step 1 cert value <4.0 g/hr | 0.240%*
Stove 5 | 4 Cast iron Medium | Non-catalytic, Step 1 cert value <2.0 g/hr | 0.125
non-tube
Stove 6 | 4 Steel Medium | Non-catalytic Step 1 cert value <4.0 g/hr | 0.142
Stove 7 | 3 High mass Medium | Hybrid - Step 2 cert value <2.0 g/hr | 0.126
catalytic and
non-catalytic

* Stoves with a single run may not be representative of typical performance, and BC from IDC
protocol V1 may not be comparable to V2. Project resources did not allow for additional BC
testing of stoves 2, 3, and 4 on IDC protocol V2.

Table 108: Range of BC emission rates (g/h), total BC emitted (grams), and BC emission factors
(g/kg) on the 7 stoves tested for the direffernt burning phase [103]

Fuel g/h g/h g/h  g/h  g/h Duration grams grams grams grams grams EFg/kg EFg/kg EFg/kg EF g/kg EF g/kg
Load Avg Std Median Max Min minutes Avg Std Median Max Min Avg Std Median Max Min
Startup 1.08 042 100 204 041 47 084 021 079 118 033 0355 0.120 0330 0.670 0.161
L 0.42 037 030 172 0.11 95 067 021 047 100 015 0.133 0.110 0100 0.535 0.049
L2 0.15 011 0.10 0.53 0.05 138 034 0.3 024 055 013 0076 0.034 0069 0.153 0.017
L8 0.18 0.08 020 0.33 0.03 276 083 041 078 195 016 0.101 0.047 0.100 0.200 0.026
FullRun 027 009 0.28 040 0.09 556 246 069 239 404 121 0128 0.040 0.118 0.240 0.047

The study “Emission factors for SLCP emission from residential wood combustion in Nordic
countries” [105], aimed at better estimating pollutant emissions from domestic appliances,
provides interesting information of EC/BC/OC emissions in 10 boilers and 9 room heaters
(stoves), commonly used in the Nordic countries, were tested. All samplings for particulates
(PM25, EC, OC, BC) were done in a full flow dilution tunnel according to specifications in
NS3058. Samples were collected on quartz filters for subsequent analysis. Analysis of PMa s
was made gravimetrically, while EC/OC were analysed thermo-optically according to NIOSH
protocol 870. BC was analysed optically (using an OT21 aethalometer) on the filter samples
before they were analysed for EC and OC. The results for BC from the aethalometer analyses
showed a weak correlation with the EC results, and BC results were considerably lower than
the EC results, generally, about one third. Such results were considered questionable, since, in
theory, BC should be on the same values or higher than the EC results. Due to that, the NIOSH
protocol 870 for analysis of EC is considered a method more reliable established than the
aethalometer analysis (including the calculation algorithm), for BC. By the end, the
measurement of BC by aethalometer was not used due to the lack of consistency.

BC measurement methods widely used do not exist, yet. At the current stage, it seems too early
to propose limit values for BC, for the classification of the stove performances. Additional
research is deemed necessary to achieve a robust measurement method well accepted.

6.11.3. Existing standards and labels on domestic appliances

In several sub-regions of UNECE, domestic appliances are subject to standardisation and have
to comply with given limit values to be allowed on sale. In the EU, two regulations related to
solid fuel boilers, with a rated heat output of 500 kW and solid fuel ambient space heaters, with
arated heat output of not higher than 50 kW (refer to the following chapter) will rule and change
the current regulations existing in some Member States, if the requirements in the two EU
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regulations [17][18] are stricter than the existing requirements in the Member States
regulations. The Vito study [9] offers a survey of regulations existing in the EU Member States.
In the current report, only the regulations requiring the strictest PM limit values are described.

6.11.3.1. Existing standards for domestic appliances in the UNECE region

EU

In the EU, the Eco-design Directive [78] establishes a framework under which manufacturers
of energy-using products are obliged to reduce the energy consumption and other adverse
environmental impacts occurring throughout the product life cycle. It is complemented by the
Energy Labelling Directive and several associated regulations such as for domestic heating
appliances with solid fuels.
e Regulation 2015/1189 of 28 April 2015 implementing Directive 2009/125/EC of the
European Parliament and of the Council with regard to Eco-design requirements for
solid fuel boilers with a rated heat output of 500 kW or less [17].

e Regulation 2015/1185 of 24 April 2015 implementing Directive 2009/125/EC of the
European Parliament and of the Council with regard to Eco-design requirements for
solid fuel local space heaters with a rated heat output of 50 kW or less [18].

The limit values laid down by the above two EU regulations for solid fuel boilers, since January
1%, 2020, and for solid fuel small appliances, such as stoves and inserts, since January 1%, 2022,
are reported in the following tables. The regulation 2015/1185 considers three different
measurement methods for PM and the limit values result different according to these methods
((1) based of filtrable solid particles only, (2) and (3) considering condensables):

Table 109: Limit values laid down for solid fuel local space heaters with a rated heat output of
50 kilowatt or less by EU regulation 2015/1185 [18]

Appliances? Efficiency TSP VOC CO NO,

Test according to analytical method described
in annex III, point 4(a)

% at 13% O»

mg/m>® mg mg/m? mg/m?
or glkg @@ | Cea/m’

Open fronted solid fuel local

30 50 mg/m3*® 120 2000 300
space heaters

2 Definition according to the regulation :

(1)*solid fuel local space heater’ means a space heating device that emits heat by direct heat transfer or by direct heat transfer in combination
with heat transfer to a fluid, in order to reach and maintain a certain level of human thermal comfort within an enclosed space in which the
product is situated, possibly combined with a heat output to other spaces, and is equipped with one or more heat generators that convert
solid fuels directly into heat;

(2)‘open fronted solid fuel local space heater’ means a solid fuel local space heater of which the fire bed and combustion gases are not sealed
from the space in which the product is fitted and which is sealed to a chimney or fireplace opening or requires a flue duct for the
evacuation of products of combustion;

(3)“closed fronted solid fuel local space heater’ means a solid fuel local space heater of which the fire bed and combustion gases can be
sealed from the space in which the product is fitted and which is sealed to a chimney or fireplace opening or requires a flue duct for the
evacuation of products of combustion;

(4)‘cooker’ means a solid fuel local space heater, using solid fuels, that integrates in one enclosure the function of a solid fuel local space
heater, and a hob an oven or both to be used for preparation of food and which is sealed to a chimney or fireplace opening or requires a
flue duct for the evacuation of products of combustion;
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Appliances® Efficiency TSP VOC Cco NOx

Test according to analytical method described
in annex III, point 4(a)

% at 13% O,
mg/m* @ mg mg/m? mg/m’
or glkg @® Ceq/m”
6 g/lkg @
Closed fronted solid fuel local 40 mg/m>®
space heaters using solid fuel 5 o/ke @
other than compressed wood in A
the form of pellets and cookers 2.4 g/kg ®
65 In case of 120 1500 200
biomass
5.0 g/lkg @in
case of solid
fossil fuel
Closed fronted solid fuel local 20 mg/m>®
space heaters using compressed 79 2.5 glkg @ 60 300 200
wood in form of pellets
1.2 g/lkg @

(1) Test according to the following analytical method (described in annex 111, point 4(a) (i) 1)

PM measurement by sampling a partial dry flue gas sample over a heated filter. PM measurement as measured in the
combustion products of the appliance shall be carried out while the product is providing its nominal output and if
appropriate at part load,;

(2) kg of dry matter. Test according to the following analytical method (described in annex III, point
4(a) (1) 2)

PM measurement by sampling, over the full burn cycle, a partial flue gas sample, using natural draft, from a diluted
flue gas using a full flow dilution tunnel and a filter at ambient temperature;

(3) kg of dry matter. Test according to the following analytical method (described in annex III, point
4(a) (i) 3)

PM measurement by sampling, over a 30-minute period, a partial flue gas sample, using a fixed flue draft at 12 Pa, from
a diluted flue gas using a full flow dilution tunnel and a filter at ambient temperature or an electrostatic precipitator.

In addition to the different analytical methods which can be used, considering condensables (2)
and (3) or not considering them (1), the conditions for measuring the emissions are different, in
the three methods: nominal output in method (1), full burn cycle in method (2) and a 30 minute
period in method (3).

Table 110: Limit values laid down for solid fuel boilers with a rated heat output of 500 kilowatt
or less by EU regulation 2015/1189 (seasonal space heating emissions ) [17]

Efficiency TSP VOC CO NOx
% at 10% O»
mg/Nm?* mg Cegq/m’ mg/m’ mg/m’
Automatic boilers <20kW:75
40 20 500 200
>20 kW: 77
Manual Boiler <20kW:75
60 30 700 350
>20 kW: 77
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The seasonal space heating emissions Es of respectively particulate matter, organic gaseous compounds, carbon
monoxide and nitrogen oxides are calculated as follows:

(1) for manually stoked solid fuel boilers that can be operated at 50 % of the rated heat output in continuous mode, and
for automatically stoked solid fuel boilers: Es= 0,85 x Esp+ 0,15 X Egn

(2) for manually stoked solid fuel boilers that cannot be operated at 50 % or less of the rated heat output in continuous
mode, and for solid fuel cogeneration boilers: Es= Esn

where:

(a) Espare the emissions of respectively particulate matter, organic gaseous compounds, carbon monoxide and nitrogen
oxides measured at 30 % or 50 % of rated heat output, as applicable;

(b) Es.nare the emissions of respectively particulate matter, organic gaseous compounds, carbon monoxide and nitrogen
oxides measured at rated heat output.

(c) Emissions of particulate matter shall be measured by a gravimetric method excluding any particulate matter formed
by organic gaseous compounds when flue gas is mixed with ambient air.

(d) Emissions of nitrogen oxides shall be calculated as the sum of nitrogen monoxide and nitrogen dioxide, and expressed
in nitrogen dioxide.

For boilers gravimetric methods only are used to measure PM emissions.

Denmark

In Denmark a new legislation on wood stoves and boilers entered into force in 2018 [9]. The
emission requirements, in manually and automatically fired wood boilers are the same as in the
EU regulation 2015/1189. For wood stoves, however, the requirements for dust emissions are
stricter than in the EU regulation 2015/1185: 4g/kg (measurement by dilution tunnel) and 30
mg/m?® at 13% O, measured in the flue gas pipe.

According to Vito [9], wood stoves and boilers may be installed only if these emission
requirements are met. To demonstrate that the emission requirements have been met, appliances
are subject to a (type) inspection and the release of an ad hoc certificate. The owner of the
appliance installed, must have the test certificate checked and signed by a skilled chimney
sweep operator, at his own expense. The regulation provides for the necessary enforcement
options (e.g. fines) and the possibility for municipalities to enforce additional regulations in
specific zones, if necessary.

Germany

As described in reference [9], in Germany the 'Verordnung iiber kleine und mittlere
Feuerungsanlagen (1. BImSchV) applies to appliances for domestic wood heating (updated in
2010 [106], [97]). The regulation applies to construction, characteristics and operation of those
firing installations which do not require a licence, in accordance with section 4 of the Federal
Immission Control Act (Bundes-Immissionsschutzgesetz) [106].

Boilers for solid fuels

Limit values for new boilers using solid fossil fuels or solid biomass are illustrated in the
following table [106].

These limit values apply for boilers which are constructed (installed) from 22 March 2010
onwards (Level 1) or after 31 December 2014 (Level 2). Existing boilers may only continue to
be operated if the limit values of level 1 of section 5 subsection (1), first sentence, depending
on the date of their construction, are complied with from the dates in Section 25 subsection (1).
The limit values are measured and must be complied with when boilers are in service.
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In the regulation 1. BImSchV, limit values are expressed at 13% Oz A proper conversion has
been made to have the values at 10% Oz so to allow an easier comparison with limit values of
regulation 2015/1189 [18]:

Table 111: Limit values for new boilers using solid fuels (1 to 8) and some specific fuels (9 to 13)

[106]
Rated heat Limit values for dust Limit values for CO
output (kW)

g/Nm’at | g/Nm’at | g/Nm’at | g/Nm?at
13% O2 10% O2 13% O2 10% O2
Level 1 for installations constructed after 22/03/2010

Fuels 1 to 3a >4,<500 0.09 0.1238 1.0 1.375
> 500 0.09 0.1238 0.5 0.6875

Fuels 4 to 5 >4,<500 0.10 0.1375 1.0 1.375
> 500 0.10 0.1375 0.5 0.6875

Fuels 5a >4,<500 0.06 0.825 0.8 1.100
> 500 0.06 0.825 0.5 0.6875

Fuels 6 to 7 >30,<100 0.10 0.1375 0.8 1.100
<30,<500 0.10 0.1375 0.5 0.6875
> 500 0.10 0.1375 0.3 0.4125

Fuels 8 to 13 >4,<100 0.10 0.1375 1.0 1.375

Level 2 for installations constructed after 31/12/2014

Fuels 1 to S5a >4 0.02 0.0275 0.4 0.55

Fuels 6 to 7 >30,<500 0.02 0.0275 0.3 0.413
> 500 0.02 0.0275 0.3 0.413

Fuels 8 to 13 >4,<100 0.02 0.0275 0.4 0.55

1. hard coal, non-pitch-bonded hard coal briquettes, hard coal coke,

2. brown coal, brown coal briquettes, brown coal coke,

3. fuel peat, pellets made of fuel peat,

3a. barbecue charcoal, barbecue charcoal briquettes in accordance with DIN EN 1860, edition September 2005,

4. untreated chunky wood, including the attached bark, in particular in the shape of split logs and chips, as well as brushwood and cones,
5. untreated non-chunky wood, in particular in the shape of sawdust, shavings and sander dust, as well as bark, 5a. pellets made of untreated
wood in the shape of wood briquettes in accordance with DIN 51731, edition October 1996, or in the shape of wood pellets in accordance
with the requirements made of fuels by the DINplus Certification Scheme “Wood pellets for use in small furnaces in accordance with DIN
51731-HP 5” edition August 2007, as well as of other wood briquettes or wood pellets made of untreated wood of equivalent quality,

6. painted, lacquered or coated wood, as well as residues thereof, insofar as no wood preservatives were applied or are contained therein as
the result of treatment, and coatings do not contain any halogen organic compounds or heavy metals,

7. plywood, chipboard, fibreboard or other glued wood, as well as residues thereof, insofar as no wood preservatives were applied or are
contained therein as the result of treatment, and coatings do not contain any halogen organic compounds or heavy metals, 8. straw and
similar plant-based materials, cereals not intended as food such as cereal grains and broken cereal grains, whole grain plants, tailings,
husks and cereal stalk remnants, as well as pellets made of the abovementioned fuels,

9. fuel oil EL in accordance with DIN 51603-1, edition August 2008, and other light heating oils of equivalent quality, as well as methanol,
ethanol, untreated plant-based oils or plant-based oil methyl ester, 10. gases from public gas supply, untreated natural gas or petroleum gas
with comparable sulphur contents, as well as liquid gas or hydrogen,

11. sewer gas with a volume content of sulphur compounds up to 1 per thousand, stated as sulphur, or biogas from agriculture,

12. coke oven gas, mine gas, steel gas, blast furnace gas, refinery gas and synthesis gas with a volume content of sulphur compounds up to 1
per thousand, stated as sulphur, as well as

13. other renewable raw materials insofar as they comply with the requirements in accordance with subsection (35).

(1) The fuels no. 6 or no. 7 may only be used in firing installations with a rated heat output of 30 kilowatt or more, and only in wood treatment
and wood processing businesses.
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(2) The fuels nos. 8 and 13 may only be used in automatically-stoked firing installations which according to information from the manufacturer
are suitable for these fuels.

For boilers, the 1% BImSchV has more ambitious limit values for dust as compared to the EU
regulation 2015/1189. Measurements are made at nominal load.

For boilers, after a transition period of 5 to 15 years (depending on the age of the installation),
new provisions also apply to existing boilers (2015-2025).

Single room firing installations

New installations must comply with the emission and energy efficiency requirements shown in
the following table. Currently the second level applies to appliances put into service after
31/12/2014 (level 2). The emission requirements are expressed at nominal heat output. The

reference oxygen content is 13%.

Table 112: Limit values at test bench (type test) for small domestic appliances in Germany
according to the 1-BImSchV (13% O,) [106]

Level 1: construction from | Level 2: construction from | Construction
22/03/2010 31/12/2014 from
22/03/2010
Teat Technical standard CcO PM CcO PM Efficiency
finace g/Nm? at 13% g/Nm? at g/Nm? at g/Nm? at
02 13% Oz 13% Oz 13% Oz
DIN EN 13240
Room heater (edition October
with flat 2005) non- 2.0 0.075 1.25 0.04 73
fuelling . .
continuous burning
Room heater DIN .EN 13240
. (edition October
with fill . 2.5 0.075 1.25 0.04 70
firing 2005.) continuous
burning
Individual
storage DIN EN 15250/A1
firing (edition June 2007) 20. 0.075 1.25 0.04 s
installations
F lreﬁlace DIN EN 13229
mlse q (edition October 2.0 0.075 1.25 0.04 75
(c osed 2005)
operation)
Ei:ft:tove DIN EN 13229/A1
with flat (edition October 2.0 0.075 1.25 0.04 80
. 2005)
fuelling
iTnlith:tove DIN EN 13220/A1
with fill (edition October 2.5 0.075 1.25 0.04 80
. 2005)
firing
DIN EN 12815
Cook stoves | (edition September 3.0 0.075 1.5 0.04 70
2005)
Heating and | DIN EN 12815
cooking (edition September 3.5 0.075 1.5 0.04 75
stoves 2005)
P i
water (edition September 0.40 0.05 0.25 0.03 85
2006)
compartment
Pellet stoves | DIN EN 14785
with (edition September
water 2006) 0.4 0.03 0.25 0.02 90
compartment
TFTEI — Background informal document for the review of the AGP 125



For dust, emission limit values at test bench for stoves are identical to the EU regulation
2015/1185.

For existing appliances, older than 22/03/2010, transitional periods have been allowed (until
2015 to 2025 according to the age of installations). The dust limit value applied after the
transition period is 0.15 g/m® for stoves.

Single-room firing installations for solid fuels which were constructed and in operation prior to
22 March 2010 may only be further operated if these limit values are not exceeded.

Interestingly, according to the regulation 1. BImSchV the controls are carried out when the
appliances are installed. These controls are made by a chimney sweeper operator [106]:

e For boilers, the chimney sweeper operator carries out measurements on-site, every two
years, to check the compliance with the emission requirements. The chimney sweeper
operator runs measures of CO and PM, at nominal load (the measurement is carried out
according to VDI 4207-2 - Emission measurements at small firing installations -
Measurements at installations for solid fuel. VDI 4207-2 Number 5.2.3)

e For stoves, the chimney sweeper operator checks the proper functioning and technical
conditions of the appliance, twice in 7 years. This is also the case when a new appliance
is put into operation or in case of change in the ownership of the appliance.

The operator of a hand-stoked firing installation for solid fuels shall seek the advice of a
chimney sweep subsequent to construction, or to a change of operator, within one year as to the
proper operation of the firing installation, the proper storage of the fuel, as well as the
particularities related to handling solid fuels, in connection with other work performed by a
chimney sweeper (Section 4 subsection (8)).

Moreover, the chimney sweeper operator measures the moisture content of the stored wood and
provides advice to the owner about the optimal operation of the appliance.

For stoves, the status of compliance with emission limit values must be demonstrated by a type
approval report provided by the manufacturer (if available) or by an on-site emission
measurement [ 106]. If the stove does not comply with the emission requirements, the appliance
has to be dismissed (decommissioned) or retrofitted with a proper device to reduce particulate
matter emissions (filter - e.g., electrostatic precipitator). Exceptions are foreseen, among others
for stoves which are the sole heating existing source in a dwelling and also for 'historical' stoves
(built before 1950) as well as for cook stoves and baking ovens not used for commercial
purposes, for open-hearth fireplaces, and masonry heaters (Section 25 subsection (3) Number
1-5).

Us

It 1s recognised that in North America, manufacturers of wood domestic appliances have
developed technologies enabling them to achieve low emissions of particles and to fulfil the
limit values fixed by national/local authorities. Such limit values cannot be easily compared
with European limit values because the test protocols, in EU and North America are very
different. In particular, for what concerns the impact of the burn rate on the pollutants emissions,
and the inclusion of condensables in PM in North America, as compared to the solid PM only,
in the EU and most of EU Member States [84], also taking into account that the EU regulation
2015/1185 considers three measurement methods (see above).
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Table 113: US 2015 and 2020 standards [89][90]

Wood Heater 2015/2016 /2017 Standards 2020 Standards

Adjustable burn rate PM emission limit < 4.5 g/hr (using | PM emission limit < 2.0 g/hr
stoves, single burn rate crib, pellets or cord wood) (using crib wood or pellets)
stoves and pellet stoves On May 15, See §60.532

(Subpart AAA) 2015 See §60.532(a) On May 15, 2020

See §60.532(b)

Or PM emission limit < 2.5 g/hr
(using cord wood)

On May 15, 2020

See §60.532 (c)

Hydronic heaters PM emission limit < 0.32 Ib/mmBtu | PM emission limit < 0.10 Ib/mmBtu
(Subpart QQQQ) heat output (weighted average) and | heat output for each individual burn
a cap of 18 g/hr for each individual | rate

burn rate (using crib, pellets or cord | (using crib wood or pellets)

wood) On May 15, 2020
On May 15,2015 See §60.5474(b)(2);
See §60.5474(b)(1) Or PM emission limit < 0.15

Ib/mmBtu heat output for each
individual burn rate

(using cord wood)

On May 15, 2020

See §60.5474(b)(3)

Remarks concerning test methods to be used [89]:

(1) Fuelling and Operating Methods'

Conduct testing using EPA Method 28R? or ASTM E2779-10°%, or an alternative test method
approved by the Administrator

Cord Wood Option: Conduct testing with cord wood using a cord wood test method approved by
the Administrator (e.g., ASTM E2780-10)*

(2) Sampling and Analytical Methods

PM concentrations must be measured by the test method specified in ASTM E2515-11.

Thermal efficiency, CO and heat output must be measured using CSA Method B415.1-10.°

1
Prior to testing, the heater must be operated for a minimum of 50 hours using a medium burn rate, at manufacturer’s facility
or at test lab. Douglas fir may be used in ASTM E2779-10, ASTM E2780-10 and CSA B415.1-10 (and Method 28R).

2Method 28R covers the fuelling and operating protocol of wood stoves, including pellet stoves, and requires using ASTM
E2515-11 to measure emissions (not Method SH). Method 28R incorporates the provisions of ASTM E2780-10, with burn rate
and start up modifications based on Method 28. For single-burn rate stoves, Method 28R includes the burn rate protocol detailed
in Appendix X1 of ASTM E2780-10. ASTM E871-82 may be used as an alternative to the procedures in Method 5H or Method
28 for determining total weight basis moisture in the analysis sample of particulate wood fuel.

3
ASTM E2779-10 covers the fuelling and operating protocol for determining PM emissions from pellet stoves.

! For the 2015 standard, stoves tested with cord wood must meet the same PM emission limit as if tested with crib wood. For
the 2020 standard, stoves tested with cord wood have an alternative PM emission limit (shown above). ASTM E2780-10 (cord
wood annex) is an example of an alternative cord wood-based method, which is used in conjunction with ASTM E2515-11.
When using ASTM 2780-10, the four burn rate categories and weighting factors in Method 28R must be used.

Switzerland

The Swiss ordinance on air protection has been revised and requirements for small domestic
appliances, with nominal power lower than 70 kW, were introduced [99][91]. Small domestics
appliances < 70 kW are ruled by limit values.

For what concerns the sale of the appliances, the ordinance ensures compatibility with EU eco-
design regulations: EU 2015/1185 solid fuel local space heaters < 50 kW and EU 2015/1189
solid fuel boilers < 500 kW. Since the 01/01/2022, the requirements of the two EU regulations
are applied (communication of R. Kegel (communication of R. Kegel (Federal Office of
Environment [100]) to Citepa of 21/12/2021)
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The regulation tightens the ELVs for CO and introduces ELVs for dust under operating
conditions with obligation for periodic inspections and monitoring.

Heat accumulators are mandatory for boilers up to 500 kW except for pellet boilers, with
nominal power lower than 70 kW.

The limit values are in force since the 01/06/2018. Transitory requirements, for 10 years, are
allowed for existing appliances [100].

The limit values are as in the followings:

Table 114: Swiss limit values for appliances <70 kW (new and existing ones) [99][91]

Category CO Dust
mg/m> at 13% O, mg/m> at 13% O,
Cooking stoves 4000 100
Single room heaters 2500 100
Boilers manually stoked 2500 100
Boilers automatically stoked 1000 50

The requirements concerning the enter into service of appliances and the periodical checks are
as in the following:

Table 115: Requirement for controls [91] [100]

Category Putting in service Periodic check
- Declaration of performance Periodic inspection and

Cooking stoves P informative guidance

or acceptance measurement o )
of CO and dust Monitoring may be required
Single room heaters in case of neighbourhood
or ESP complaint
Boilers manually stoked Periodic monitoring CO
Acceptance measurement (and dust) every 4 years
Boilers automatically stoked CO and dust (every 2 years for boilers
higher than 70 kW)

During the periodic inspections of installations, visual inspections and soft measures such as
in the following, are performed:

e Fuel wood quality control (moisture, size, naturalness, no waste content)
e Residues in combustion chamber (ash, soot)

e Operating conditions (ignition from top, air supply)

e Technical condition of heating device (airflow, tightness)

In case of non-compliance, the retrofit with an ESP may be required, or even the replacement
of the heating device.

Transitory requirements are allowed for 10 years, for existing appliances [100].
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6.11.3.2. Labels

Germany

In 2020, the criteria of the Blue Angel label for stoves have been updated. The environmental
label may be awarded to stoves which burn efficiently the fuel and are characterized by
significantly low pollutant emissions. In addition to the statutory regulations for the type testing
process, for the stoves, the special requirements established by the Blue Angel are such as
stoves have to comply with significantly lower particulate and CO limit values. This condition
must be verified also during the ignition phase when a particularly high level of emissions is
observed. In the case of organic gaseous carbon (OGC) and nitrogen oxides (NOx), their
emissions have already to be below the limits defined in the EU Eco-design requirements,
generally applicable since January 2022 [30].

The above basic award criteria apply to wood stoves, which, according to the manufacturer
operating instructions are designed for natural wood (split logs), including barks, compressed
wood (such as briquettes, pellets) or for multiple combination of these fuels.

The stoves, also designed by the manufacturer to burn coal, are out of the scope of the Basic
Award Criteria.

The limit values are as in the following:

Table 116: emission limit values for the Blue Angel criteria in 2021 and test methods [30]

Parameter Test method for the | Limit value (1) for |Limit value (1) for
measurement emissions emissions from stoves
specifications before a downstream
according to Appendix B separator

Particle mass | DIN EN 16510-1:2018

3 3

concentration (2) 0.015g/m 0.040 g/m
See Appendix C

Particle  count | (Measurement From 01/01/2024:

) , No value

concentration obligatory from | 5 x 105/cm?3
01/01/2020)

CO mass | DIN EN 16510-1:2018

0.50 3 0.50 3

concentration (2) a/m g/m

0OGC mass | DIN EN 16510-1:2018

. 0.07 gC/m?3 0.07 gC/m?3
concentration (2)
NO mass | DIN EN 16510-1:2018
X ) 0.18 g/m3 0.18 g/m?

concentration (2)

(1) Based on dry flue gas, normalised to 0 °C, 1013 mbar and 13% oxygen by volume.

(2) Residential solid fuel burning appliances - Part 1: General requirements and test methods

The requirements can be fulfilled in two ways [30]:

a) Testing the overall system:

If the mean values from the individual measurements as described in the Blue angel
document Annex B (measurement specifications for the particles, CO, OGC and NOx
mass concentrations) that were carried out on the tested stove, including all of the
intended fixtures and attachments, do not exceed the relevant limits specified in the
above Table, Column 3.

b) In combination with an efficient particle separator:
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e The requirements will have been fulfilled if the mean values from the individual
measurements described in the Blue angel document Annex B that were carried out on
the stove do not exceed the relevant limits specified in the above Table, Column 4 and
the stove is sold and installed together with a particle separator. For particle separators,
a minimum separating efficiency of 75% of the particle mass and (from 01/01/2024)
90% of the particle count must be verified. The limit value in the above Table, Column
3 must be complied with reliably when taking into account the separating efficiency

e If a particle separator for which this minimum separating efficiency has been verified,
is already integrated into a chimney, the manufacturer can also sell the stove without
the separator. The fact that the stove must be installed together with the associated
particle separator that is integrated into the chimney must be indicated during the sale
of the product and also in the installation instructions. The particle separator integrated
into the chimney must already have been named and tested when submitting the
application for the stove.

The concentration of particles of 0.015 g/m® is significantly lower than the limit value
implemented by the EU regulation 2015/1185 of 0.040 g/m? for stoves burning log woods, and
of 0.020 g/m> for stoves burning pellets [18] which are not covered by the Blue Angel. The
following comparison has been made and it is illustrated in the table below:

Table 117: Comparison of emission limit values from the ecodesign regulation and the Blue
Angel criteria in 2021 [30]

Efficiency | Dust/PM co NO« HC (0OGC)
% mg/m?3 mg/m?3 mg/m?3 mg/m?3

Appliances with closed front solid fuel other than wood pellets (EU regulation)
Eco-design requirements 65 40 1500 200 120
Eco-design: indicative 86 20 500 50 30
benchmark of best
performing appliances
Eco-design: example of 83 33 1125 115 69
good combination

Measurement of the “total particle mass” parameter should be carried out according to DIN EN
16510-1:2018-11 A 4.7 and Appendix F. Alternatively, other gravimetric measurement
methods for this parameter that have been approved for the type testing process for stoves by
notified testing institutions in Germany may be used.

The measurement of CO, CO2, Oz, H2O, VOC, total dust mass concentrations and particle
number are made on test procedures as in the following [92]:

Continuous measurement over all 7 burn cycles, from "cold start" to “residual coal bed
weight”,

Ignition ("cold start" = first two burns) with natural draft,
Ignition, nominal and partial load in one test cycle,
No selection of the best burns, all burns counted and averaged.
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Natural draft and cold start (Increased emissions due to "cold" combustion) are used for
representing realistic behaviour, at ignition.

Therefore, the testing requirements for the Blue Angel go beyond the specifications for the type
testing process, as in the EU regulation 1185/2015 [30].

In addition, there are requirements on the combustion chamber, the tightness, the air regulation
(if nominal and partial load operation is not recognized by the automatic stove control
independently of the operator, the stove manufacturer must specify exact control modes (switch
on the device, smartphone application or similar) for the purpose of selecting nominal and
partial load by the operator. A corresponding note as well as an exact specification of the wood
support (wood mass, dimensions, log wood geometry) for both operating modes must be
included in the Quick User Guide and the operating instructions (along with photos for clear
illustration). It must be made clear to the operator that only these log wood properties defined
in the accredited emissions test, are permitted in the respective control modes and that different
properties of the defined wood supports lead to non-compliance with the requirements of the
Blue Angel), combustion monitor (a display must be provided for the user to indicate any
deviation from the optimal operating state and to request that the user stokes the fire using
wood), rational use of energy (the efficiency with respect to the fuel energy at nominal load
(nominal heating output) and the “partial load” intended by the manufacturer (smallest output
stated by the manufacturer) must be determined. The efficiency must not fall below 75%,
neither at nominal load or “partial load”).

Nordic countries (Sweden, Norway, Iceland, Denmark and Finland): the Nordic
Swan

The Nordic Swan label was introduced in 1989. Wood stoves and boilers are covered. The
criteria are as in the following [9][98]:

Table 118: Criteria for energy efficiency and emissions in the Nordic Swan (13% O2 for stove,
10% O: for boilers) [9][98]

Manually fired 1250 100 2 g/kg fuel (average 76
stove or inset for max. 4 loads)

stove for non- 5 g/kg fuel (for each

continuous use load)

Manually fired 1250 100 50 mg/m3 83
slow heat

release

appliances

Pellet stove with 200 10 15 mg/m? 87
automatic feed

Manually fired 350 15 40 mg/m3 200 87 +
boiler log(output)
Automatically 250 10 30/40 mg/m?3 200 88 +
fired boiler log(output)

The emissions expressed in g/kg are measured with the dilution tunnel and those expressed in mg/m?
directly in the hot flue gas [9].

For manually operated stoves, or insert stoves, for intermittent use, NS 3058 and NS 3059, with loads
defined in class 1 and class 2, for test of particles are used [98].
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For other appliances, CEN/TS 15883:2009 for particles are used [98].

6.11.4. Development of low emission appliances and best available
techniques

In order to reduce pollutant emissions, the manufacturers of appliances work on primary design
measures, as presented in the following figure, but also possibly considering secondary
measures. Catalysts are used in the US and Canada but they are less frequent in the EU.
Catalysts are efficient on CO and VOC, respectively around 90% for CO and 50-70% for VOC
[8]. Small electrostatic precipitator can also be used.

PRIMARY MEASURES

g

1

Fuel

/Furnace Construction

1
Control Systems \

fuel properties
—1 (elemental comp.,
water c., ash melt.)

burning chamber
(size, geometry,
insulation)

fuel preparation
—— (size, compaction,
additives, fuel mix)

air supply
(turbulence, air
staging, preheating)

feeding

fuel bed

fuel feeding
(amount, cycle,
power control)

air supply
(amount, ratio
prim./sec. air)

combustion control

—— (manual/automatic — (grate design,
batch/continuous) \ cooling, ash slider)

(lambda probe,
CO sensor) /

Source: http://task32.ieabioenergy.com/iea-publications/events/workshop-highly-efficient-clean-wood-log-stoves-berlin-november-2015/

Figure 8: Primary options studied to improve efficiency of stoves [8]

From TFTEI [23], the following list of new technologies were identified. New advanced stoves
equipped with improved air control, reflective materials and two combustion chambers; New
smart stoves with automated control of air supply and combustion, thermostatic control, Wi-Fi-
connected to collect and send combustion data to the manufacturer for better service; New
advanced masonry stoves, operating at high efficiencies and low emissions; New advanced
pellet boilers: fully automated boilers (electronic control of air supply, lambda sensors),
condensing boilers, using standardized pellets; Wood carburettor boilers using log wood or chip
wood; Heat accumulating equipment with heat accumulating reducing stop/start frequencies
and operation at partial load, which generates higher emissions than operation at full load;
Other: flue gas recirculation, reverse combustion, gasifier [95].

The reduction of PM emissions is pursued through optimisation of the combustion conditions,
by several means, to ensure the best optimized conditions in terms of temperature, residence
time (sufficient time is required) and turbulence (to ensure good mixing of flue gases) (the three
T’s rules), but also the geometry of the combustion chamber, air supply and reducing the user’s
intervention, by the combustion automated systems. The solutions for these three T’s
parameters can be applied in stoves, as example in [8].

Temperature:

e Refractory lining in the combustion chamber,
e Shape and size of combustion chamber,
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e Material and isolation of the door as well as size of window and its radiation coefficient or
alternatively coated glasses or double/triple windows with air chambers in between,
e Windows should be of appropriate limited size.

Sufficient residence time:

e Gas volume flow,

¢ Distribution of flue gases over combustion chamber,
e Distribution of air,

e Height and width of the combustion chamber.

Turbulence or mixing of flue gasses:

Distribution of purge air windows,

Direction and geometry of additional inlet air,

Velocities of flue gas and combustion air,

Geometry of the main and the post combustion chamber,

Geometry of deflection plate and the use of baffles in post combustion chamber,
Avoidance of leakage streams (sealing),

Avoidance of short-circuiting of the flue gas stream.

There are several projects aiming at improving the wood stoves and boilers, recognising that,
for PM emissions and the fuel consumption, the technologies can be improved considerably,
compared to the existing situation.

As an example, the project wood stove 2020 [79] is aimed at a comprehensive improvement of
log wood stoves. The focus of the project lied not only on the furnace technology itself, but
rather on the whole system. This also implies technical improvements of automatic combustion
air control, heat storage, chimney draught control and minimization of user’s intervention and
standing losses. The following parameters have been optimized [83]:

e Appropriate insulation of main combustion chamber and post combustion chamber for
almost complete burnout

e Efficient mixing of the flue gases with the combustion air
e Application of air staging
e Phase Change Materials heat exchanger to maximise the efficiency

e Automatic control

With the new technologies developed in the project, an emission reduction estimated between
50% and 80 % and an increase of the efficiencies above 90 % were targeted (the reference is
not given). Performances and emissions have been assessed on a test cycle including ignition
batch, 4 full load batches and charcoal burnout batch. PM were measured according to prEN
16510 / DIN EN 13240 (which implies condensables not considered).

In the project “Wood stove 2020, guidelines have been developed for low emission and high
efficiency stove concepts:

e Guidelines on low emission and high efficiency stove concepts [80],

¢ QGuidelines on automated control systems for stoves [81],
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e Guidelines on heat storage units based on phase change materials [82].

Through the solutions developed during the project “stove 2020, the pollutant emissions
changed as presented in the following figure. In terms of PM emissions, the stove emissions are

as of 10 mg/MJ, compared to 27 mg/MJ in a stove in compliance with the new eco design
requirements.

1,200

) 100
1100 4 AUT: Art. 15a-B-VG o0 90
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Explanations: mean values of averaged emissions over entire batches 3 to 5 (from closing the door until opening
the door again for re-charging) according to prEN 16510 / DIN EN 13240 24

Figure 9: Efficiency and emissions of the new concept stove developed in the project STOVE
2020 [83]

The study [84] carried in France by INERIS on behalf of ADEME, with two French stove
manufacturers (Chazelles and Supra), had the objectives of characterising the technologies used
in two of the best performers among North America appliances and their impacts on air
emissions, by testing these devices and comparing their environmental and energy
performances with the performance of two French appliances of last generation, at different

burn rates and two different types of wood. Pollutant concentration measurements have been
made on four appliances:

e Two French stoves selected among the best performing of the two manufacturers
involved in the project (Chazelles and Supra),

e Two US stoves (not using catalysts): Scan (PM emissions 1.1 g/h according to the US

standard test method) and Quadra Fire (PM emissions 1.1 g/h according to the US
standard test method).

The pollutant measurement protocol used has been established to simulate real conditions of

operation of the stoves such as burn rates, wood loads, types of wood. The measurement plan
is as in the following:

e Wood load: 100% and 170% of the nominal load,

e Burn rates: 3 levels: currently used in real life by stove owners (18 Pa), nominal (12 Pa
(as in the European norm)), reduced (8 Pa) (also very frequent in real life),
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e Type of wood: pine and beech.

In order to maintain the representativeness of real-life operating conditions, measurements have
been carried out on a complete combustion cycle. Before measurement, all the 4 stoves were
pre-heated.

Gaseous pollutants were measured by common standardized methods. For PM, the solid
fraction and condensable parts have been measured. PM including condensables have been
measures according to two methods:

e The US method 5H ((hot filtering + series of impingers at 20°C (trapping condensable
in isopropanol)),

e Filtrable PM by hot filtration and condensable PM with a ratio of VOC monitored by a
flame ionisation detector (FID).

The EC/OC (Element carbon/Organic carbon) and EBC (Equivalent Black Carbon) have been
measured after dilution of hot gases with a ratio of 100 (FPS 4000 Dekali). EC and OC are

measured by a thermo optical method (EC-OC sunset Lab) and EBC by optical absorption
(AE33).

The environmental characteristics of the stoves measured according to the European protocol
NF EN 13229 in normalised conditions, were also measured and are showed in the following:

Table 119: Overview of environmental characteristics of two french stoves of last generation and
two US stoves among the best performing appliances according to EU standard 13229 [84]

Unit Chazelles Supra Krog Quadra fire
Iversen
Model HP 700 Neo 55 Scan DSA 4 3100 Millennium
Thermal
input kW 10 7 6 94
capacity
Efficiency | % 78 77 78.3 70.7
CO % 0.09 0.04 0.10 0.09
il')rl:l/lctsi(())lllld me/m® at 13% O, 1 2 33 16
3
TVOC ‘1113% A)Coezq/ m at 95 34 188 52
3
NOx me /Ng;eq/ m- at 108 46 120 85
(1]

Table A6-1 of the INERIS report

The pollutant concentrations, measured according to the experience plan setup to better reflect
the real use of stoves, are showed in the following:

Table 120: Overview of concentrations of pollutants measured on two french stoves of last
generation and two US stoves among the best performing according to an experimental protocol
representing real life conditions [84]

Pollutant Unit Supra Chazelles Krog Iversen | Quadra fire
Model HP 700 Neo 55 Scan DSA 4 3100 Millennium
CO g/kg 46.7 26.3 19.0 38.9
COz g/kg 1775 1774 1795 1757
NOx g NOzeq/kg 0.97 1.07 1.2 0.71
TVOC g eqC/kg 6.3 4.0 1.8 2.8
CH4 g/kg 2.5 1.4 0.74 1.7
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Pollutant Unit Supra Chazelles Krog Iversen | Quadra fire
Model HP 700 Neo 55 Scan DSA 4 3100 Millennium
Eﬁ{;‘(’)‘l‘l‘l g/kg 1.46 2.45 1.08 0.51
PM g/kg 2.70 3.30 2.0 1.20
condensable
PM total g/kg 4.16 5.75 3.08 1.71
EC mg/kg 0.22 0.64 0.52 0.08
EBC mg/kg 0.55 0.97 0.57 0.17

Tables 8 and 9 of the INERIS report

Table 121: Overview of environmental characteristics of two french stoves of last generation and
two US stoves among the best performing according according to an experimental protocol to
representing real life conditions [84]

Unit Chazelles Supra Krog Quadra fire
Iversen
Model HP 700 Neo 55 Scan DSA 4 3100
Millennium
Efficiency | % 61.0 69.4 61.7 71.7
CO % 0.175 0.302 0.127 0.264
Eﬁ‘ctsi‘:)ll‘ld mg/m® at 13% O, 202 119 89 43
PM total | mg/m? at 13% O; 274 217 168 100
3 0,
TVOC rgzg C eq/m’ at 13% 332 508 152 238
3
NOx ?;%/Ngzzeq/m at 90 73 101 60
(1]

Table A6-3 of the INERIS report

According to these results, the solid PM fraction in total PM (including condensables) is 56 +
7%. The solid fraction is the largest at nominal burn rate, of 72%. It is of 46% and 51% at
current used burn rate and reduced burn rate respectively. The fraction values also change with
the appliances. In the two French stoves, the values result larger (58% and 70%) than in the US
stoves (48% and 51%).

For the two French stoves, an excellent correlation has been found between condensables and
TVOC. The correlation results in lower quality when all stoves are considered, because the
condensable content in the two US stoves is lower than in the French stoves

The pollutant emissions in real life are much higher, compared to the concentrations obtained
according to the EU standard 13229, at nominal output, as illustrated in the following table.
The ratios are reported in the table:

Table 122: Ratios of emissions measured in nearly real lile conditions and in standard conditions
(EN 13229) [84]°

Chazelles Supra Krog Qe
Iversen fire
CcO 1.9 7.6 1.3 2.9
Solid PM 18.4 5.4 2.7 2.7
TVOC 3.5 14.9 0.8 4.6

3 Calculated by TFTEI from Table A6-1 and A6-3
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It is noticed that in the case of the two US stoves, the ratio for solid PM is smaller than in the
case of the two French stoves. This effect highlights the good standardisation methods, able to
represent real conditions of use, so concluding that the stoves are designed to efficiently limit
emissions, on the entire wood burning cycle.

The fraction of EBC in total PM is 25 + 6%. This value does not evolve in a statistically
significant manner. However, the appliance, the burn rate, and the type of wood may have a
significant role. The fraction is 18% in the Quadra fire, significantly lower than in other stoves
(27 t0 29%). The fraction of EBC is around 35% at nominal burn rate, and only 22 and 19%, at
currently used burn rate and reduced burn rate.

Table 123: Fraction of EBC in PM in % [84]

Chazelles Supra Krog Quadra fire Average
Iversen value
Average burn rate 36 14 20 20 23
Nominal burn rate 20 44 46 29 35
Reduce burn rate 25 24 22 4 19
Beech 23 39 19 9 23
Pine 33 15 40 27 29
Nominal load 30 28 33 25 29
Nominal load x 1.7 25 26 26 11 22
Average of all tests 27 27 29 18 25

Table 20 of 84

The aim of this French project was, in addition, to define what best solutions can be to reduce
emissions. The assessment carried out enables to define a certain number of parameters, on
which it is possible to take actions.

The two French appliances have been modified and their emissions have been checked after
these modifications. Some examples of modifications introduced are given hereafter (chapter
6.1 of the INERIS report):

e Removal of two log stops,

e Better regulation of primary air,

e (Quaternary air added,

e Regulation of the air of glass,

e Double baffle for a larger number of secondary air inlets,
e Better insulation.

After these modifications, the emissions measured are as in the following:

Table 124: Emissions after modifaction of the french appliances [84]

Pollutant Unit Supra modified Chazelles modified
Burn rate Nominal Reduced Nominal Reduced
CO g/kg 23.7 27.3 28.1 -
CO2 g/kg 1752 1744 1744 -
NOX g NOz eq 1.23 118 113 i
/kg
TVOC g/kg Ceqg/kg 3.13 4.46 4.16 -
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Pollutant Unit Supra modified Chazelles modified
Burn rate Nominal Reduced Nominal Reduced
PM solid
fraction g/kg 0.31 0.46 0.77 -
PM condensable
fraction g/kg 0.62 0.79 1.57 -
Total PM g/kg 0.93 1.26 2.34 -

For the Supra appliance, the performances after modification became similar to the Quadra-fire
appliance. PM emissions decreased by a factor 2 to 3 compared to results obtained before the
modification. For the Chazelle appliance, the performances after modifications were not so
good, due to specific characteristics of the stove.

Recommendations are provided by the study for the development of high efficiency stoves, able
to meet US standards in terms of PM emissions.

The study concludes that the poor ability of standardized tests, in France, to reflect the actual
operating conditions of the devices, leads to a lower impact on improving air quality when
replacing an old device with a new one of the latest generation.

The study “Best available techniques (BAT) for domestic wood heating” provides among other
things [9]:

e An overview of techniques that can be applied to improve environmental performances
of wood heating appliances,

e Definition of BAT.

A survey of appliances, by manufacturers and importers, was carried out in order to obtain a
picture of the currently used technologies, concerning the achievement of a better combustion,
the reduction of emissions and the environmental performance of the techniques. The survey
covered 41 wood-fired stoves and 14 pellet stoves.

The study provides an assessment of techniques for the following topics (description,
application, environment benefit, financial aspects):

* Design of new appliances — Primary measures
o Flame baftle plate
o Grate in the combustion chamber
o Insulation of the combustion chamber(s)
o Use of heat-reflective material in the combustion chamber
o Small glass window with double, triple or coated glass
o Shape of the combustion chamber
o Presence of a second combustion chamber or zone/duct for post combustion
o Staged air supply
o Air supply control — mono-control of air supply
o Air supply control — automatic control of air supply and air circulation

o Airtight design of the appliance
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o Preheating secondary supply air combustion

o Flue gas heat recovery system

o Offering appliances with different capacity classes and ranges
o Automatic fuel feeding

o Advanced combustion process control

* Design of new appliances — Secondary measures
o Integration of a catalyst
o Integration of an electrostatic precipitator
» Existing appliances — primary measures

o Heat recovery from the flue gases (with a focus on (retaining) sufficient
draught in the chimney)

o Heat storage (e.g., extra mass or boiler)
o Forced draught for sufficient air supply
» Existing appliances — secondary measures
o Integration of a catalyst
o Integration of an electrostatic precipitator
 Installation of appliances
o Choosing an appliance for a particular use
o Correct installation of the appliance
o External air supply
o Correct installation of the flue gas pipe
o Insulation of the flue gas pipe
o Forced draught for sufficient air supply in the combustion chamber
o Installation by a specialist installer
o Provide dry and ventilated storage space for wood (indoors or outdoors)
* Use of appliances
o Follow wood burning tips

o Limit wood burning in the event of high fine dust concentrations and
unfavorable weather conditions

o Follow the manufacturer’s instructions
* Maintenance of appliances and flue gas pipes

o Regular maintenance of appliances + flue gas pipes

The following table presents the observed performances of stoves compared to the limit values
of EU regulation 2015/1185:

TFTEI — Background informal document for the review of the AGP 139



Table 125: emission values based on the survey for stoves burning log woods according to Vito

Ecodesign
requirements

65 %
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Lowest NOx
Appliance survey 84% 27.1 1250 112 96
Highest CO
Highest HC
Appliance survey 84% 35 1021 139 53
Highest PM
Appliance survey 80.92% 26 898 146 87
Highest NOx
Appliance survey 75.3% 29 880 105 23
Lowest efficiency
Survey 86.7 10 575 47 23
Best reported performance per
parameter

Capacity >= 10 kW

Appliance survey 76% 31 575 105 26
Lowest CO
Appliance survey 82% 10 1087.5 99 88.7
Lowest PM
Appliance survey 86.7% 24 750 91 47
Highest efficiency
Appliance survey 80% 30 1140 47 110
Lowest NOx
Highest HC
Appliance survey 75% 15 775 58 23
Lowest HC
Appliance survey 75% 14 1250 120 83
Highest CO
Appliance survey 80.6% 40 1000 88 35
Highest PM
Appliance survey 83.5% 32 625 147 34
Highest NOx
Appliance survey 75% 14 1250 120 83
Lowest efficiency for appliance 1
Appliance survey 75% 15 775 58 23
Lowest efficiency for appliance 2

Compared to the Eco-design regulation, example of a good combination, 3 appliances in the
survey score better for each of the parameters (following table). All appliances are freestanding
appliances, the first two equipped with a central heating connection. All appliances have a flame
baftle plate, insulation, post-combustion zone, airtight design, external air supply, pre-heating
of the secondary combustion air and heat recovery.

Table 126: emission figures for stoves fired with pieces of wood from the survey with
performances better than the example of a good combination in the Ecodesign regulation
according to Vito [9]

Appliance 1 86.7% 24 750 o1 47
Appliance 2 90.1% 22 500 90 22
Appliance 3 84% 15 875 70 28
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For pellet stoves, the results are in the following:

Table 127: emission values based on the survey for pellet stoves according to Vito [9]

Ecodesign 79% 20 300 200 20
requirements

Ecodesign 94% 10 250 50 10
- indicative benchmark for best
performing appliance
Ecodesign 91% 22 312 121 22
- example of good combination
Survey 93.6 5 14 109 1
Best reported performance per %
parameter
Appliance survey 90.5% 5 14 112 6
Lowest CO
Lowest PM
Highest HC
Appliance survey 93.6 16 37 109 -
Lowest NOx
Highest efficiency
Appliance survey 90.9% 17 27 142 1
Lowest HC
Appliance survey 90.3 16 43 123.5 <3
Lowest efficiency
Appliance survey 93.2% 8 84 146 <3

Highest CO

Highest NOx
Appliance survey 92.7% 18 46 114.5 <3
Highest PM

There are 2 pellet stoves (see Table 128) that score better across the board. Both appliances
are freestanding with a flame baffle plate, grate, insulation, heat reflective material, single
glazed, vertical combustion chamber, airtight design, external air supply and heat recovery.

Table 128: emission values for pellet stoves from the survey with performances better than the
example of a good combination in the Ecodesign regulation according to Vito [9]

Appliance 1 93.6 16 37 109 4
Appliance 2 92.7% 18 46 114.5 <3
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For boilers, the situation is as in the following:

Table 129: emission values based on the survey for pellet boilers according to Vito [9]

Ecodesign 75% (>20 kW) 40 500 200 20
requirements 77% (>20 kW)
Ecodesign 96% for cogeneration 2 6 97 1
- indicative benchmark for best connection
performing appliance 90% with flue gas
condenser
84% other boilers

Ecodesign 81% 7 6 120 2
- example of good combination

urvey 107.3 9 9 92 1
Best reported performance per
parameter
IAppliance survey 107.3% 13 9 123 <1
Lowest CO
Highest NOx
Lowest HC
Highest efficiency
IAppliance survey 93.4% 9 22 92 1
Lowest PM
Lowest NOx
Lowest efficiency
IAppliance survey 95.3% 19 45 106 1
Highest CO
Highest PM
Highest HC

The environmental-friendly techniques have been assessed in terms of their technical
feasibility, environmental impact and economic feasibility, and the study indicates whether or
not the above-mentioned environmental-friendly techniques can be regarded as BAT, for
domestic wood heating. CBC = has to be evaluated case by case (situation specific)

The BAT for the design of new appliances are aimed at optimising the combustion conditions,
reduce emissions and optimise energy efficiency. BAT requires that a combination of
techniques (measures) has to be applied, when designing new appliances. How the measures
are implemented in practice and combined each other is part of the technical know-how of the
several stove manufacturers. The different stove manufacturers may take different choices that
may result in equivalent environmental performance.

If the appliances comply with the applicable emission and energy efficiency requirements under
standardised test conditions, Vito reminds that environmental performance in real-life
conditions of use (varying combustion conditions, which are not always ideal) are lower than
the performance measured in labs, under standardised test conditions. The reasons for which
the test procedures deviate from the real-life conditions include:

e Starting (and extinction) of the fire generally not included,

e Burning at partial load usually not included,
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e The condensable fraction of dust is generally not measured,
e Ideal negative pressure,

e Ideal fuel quality (moisture content, no bark, etc.),

e Ideal wood species (e.g., no resinous coniferous logs),

e Ideal fuel dimensions,

e Ideal fuel quantity,

e Ideal installation,

e Ideal set up and use (e.g., control of air supply),

e Pre-heated appliance.

The following table summarises the BAT used in designing of the different appliances.
Techniques, specifically aimed at eliminating, as much as possible, incorrect user’s
interventions so reducing the emissions, are marked with an asterisk (*), in the left column. The
assessments of BAT and BAT case-by-case (cbc) is defined, as in the following, by VITO:

e BAT: the technique is considered necessary to achieve the BAT associated performance
levels for the type of appliance concerned and should therefore be fitted as standard in
every new appliance of this type, regardless of the user's profile.

e BAT cbc: the technique may contribute to achieving the BAT associated performance
levels but is not necessarily present in every appliance. More information about the cbc
assessment can be found for each appliance type below the table.
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Table 130: Overview of BAT and BAT case by case (cbc) per type of appliance accoding to Vito
91

Flame baffle plate 41.1

BAT BAT BAT BAT BAT
chc | BAT | che cbc BAT
BAT BAT BAT BAT BAT

Grate in the combustion chamber 4.1.2

Insulation of the combustion chamber | 4.1.3

SIS S

Use of heat-reflective material in the | 4.1.4
combustion chamber
KLTep the surface area of the glass | 4.1.5 / e | i | e | ap
window as small as possible

Use double-glazed, triple-glazed or | 4.1.5
coated glass for the glass window /
A vertical instead of horizontal | 4.1.6
combustion chamber
Presence of a 2nd combustion | 4.1.7

cbc cbc cbc cbe cbc

n/a®

cbc | cbe | cbe | nfa*® | nfa®

/ cbc cbe cbc BAT | BAT

chamber or combustion zone/duct for 7 BAT | BAT | BAT | BAT | BAT

post-combustion

Staged air supply 4.1.8 / BAT | BAT | BAT | BAT | BAT
* | Air supply control — mono-control 4.1.9 / |BAT* | n/a* | BAT*® | BAT* | n/a¥
«| Air §upply control i a.utome?tlc control | 4.1.10 / be | BaT | ebe | BAT | BAT

of air supply and air circulation

Airtight design of the appliance V. B I T J BAT | BAT | BAT | BAT | BAT

Preheating air supply for combustion 4.1.12 / BAT | BAT | BAT | BAT | BAT

Flue gas heat recovery system 4.1.13 7 che cbc | cbc | cbec | chc

Stimulate stoking at nominal load as | 4.1.14
« | much as possible by offering applian- /
ces in different capacity classes and
with a limited capacity range

BAT | BAT | BAT | BAT | BAT

* | Automatic fuel supply 4.1.15 / cbe | BAT | cbe | cbc | BAT
Advanced combustion process control | 4.1.16
*| based on room temperature and / chc cbc | cbc | cbc | cbc

weather conditions
A catalyst integrated in the appliance 4.2 / cbc | cbc | cbc | cbc | chc

An electrostatic precipitator integrated | 4.2.2 /

: 4 cbec | cbc | cbec | cbec | chc
in the appliance

* Techniques specifically aimed at eliminating, as much as possible, (incorrect) user’s
interventions

The survey of stove manufacturers shows that several appliances on the market exceed the Eco-
design requirements, by applying BAT, and that may happen for all the parameters,
simultaneously. This is an indication that such requirements may need to be updated. Due to
the fact that standardised test conditions in the EU Eco-design directive are not representative
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of the real-life conditions, whether appliances best performing in lab conditions also are best
performing in real-life operating conditions, remains uncertain.

For existing appliances, the following measures can be applied in certain situations and are
assessed as BAT cbc (case-by-case):

- Flue gas heat recovery
- Heat storage
- Forced draught

The following secondary measures can be implemented to reduce emissions from existing
(old or new) appliances, provided a number of technical preconditions are met.

- Installation of a catalyst, especially in case of odour nuisance,

- Installation of an electrostatic precipitator.

Electro filters (a secondary technique used to reduce PM emissions) are becoming part of
regulations, as in the case of the new Blue Angel label in Germany [30]. They have been
characterised as BAT, on case by case approach, for the different wood appliances, in the Vito
study [9] but, according to Hartmann [86], they are part of the new stove concept for the future.

In Saas Fee in Switzerland, the municipality launched a subsidy programme for equipment of
chimneys in small domestic heating wood burning appliances, with small electro-filters of type
Oeko Tube. 74 systems were equipped [108]. Measurements of PM emissions were made
before and after the installation of the electro-filter on 22 units [107].

The following figure presents the results:
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Figure 10: Emissions of PM before and after the installation of an electrofilter in chimneys of 22
small wood appliances [107]

It was demonstrated that the electro-filter (ESP) (OekoTube) was a very suitable retrofit solution
for wood burning installations, with an average separation efficiency of 70% +/-10%, for 20
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installations in Saas-Fee. The ESP operates well, even on high-emission installations (lower
separation efficiency in those cases) but could be further improved by better settings of ESP

system (activation criteria, voltage). The system is robust and of simple design and installation
[107].

In terms of maintenance, the ESP requires a regular cleaning by the chimney sweep, including
maintenance of the ESP (frequency depending upon the amount of separated dust). With large
amounts of dust and low frequent cleaning, there may be a risk of fire in the chimney [107].
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Figure 11: Principle of the electrofilter Oekosolve and picture of a chimney outlet equipped with
the system [108]

Some manufacturers of boilers started to propose integrated boilers with electrostatic filters.
For small thermal rated power boiler (up to 1 MW), an efficiency of 20 mg PM/m? [109][110]
is claimed, at 10% O (or 27 mg at 6% O, 15 mg at 13% O»). For larger boiler, a cyclone is
used in combination with the electro-filter.

Heizoclean® electrofilter 20 mg PM/Nm? at 10% O»

@

Figure 12: Wood chip boiler with an
intergrated electrofilter [109][110].
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6.11.5. New developments

The Wood Heater Design Challenge [85] was set up several years ago (in 2013 the first one).
The series of previous Design Challenges has led to some of the cleanest and most innovative
stoves on the market, available today, in the US. In 2022, the fifth challenge aims to engage
and expand the wood heater community, foster relationships between academia, industry and
other stakeholders to develop the most innovative cleaner and more efficient wood heaters; and
to encourage and create strong teams, able to compete in the Wood Heater Design Challenge
coming in 2023. The aim is to design and develop stoves with the lowest emissions values (even
almost “zero emissions” under practical operating conditions [86]).

According to I. Hartmann [86], in the scope of the project “Exhaust gas purification plants for
emission-free biomass stoves” (Chilian and German project), the stove concept for the future
integrates:

e Combustion chamber re-engineering and development, e.g., downdraft combustion,
e Air control and exhaust gas sensors,

e Furnace-integrated catalysts,

e Furnace integrated particulate removal systems,

e Chimney-integrated particulate removal systems,

e Practical testing at all heating appliances,

e Blue Angel/emission tests for all heating appliances.

In the long-term, 1. Hartmann [86] recommends developing installations with very low emission
values comparable with oil and gas combustion systems (such as in 2050: in real operation < 1
mg/m? at 13% O and at full load < 0.1 mg/m? at 13% O3). According to 1. Hartmann [86], the
first step is the: “Blauer Angel” Eco label for wood log stoves. Particle number limit values
should be introduced: first estimate for next years: < 1. 10%/cm?.

Extensive research work has to be carried out on the following issues according to Hartmann
[86]:

e Research into combustion processes,
e Further furnace development,

e (atalyst and precipitator development (under high temperature conditions),

6.11.1. Conclusions and possible updates in Emission Limit Values
(ELVs) in the Annex X of the Gothenburg Protocol

The paragraph 16 of annex X of the Gothenburg Protocol reads as in the following [1]:

Combustion installations with a rated thermal input < 50 MWth:

This paragraph is recommendatory in character and describes the measures that can be taken
insofar as a Party considers them to be technically and economically feasible for the control of
particulate matter:

(a)  Residential combustion installations with a rated thermal input < 500 kWth:
(i) Emissions from new residential combustion stoves and boilers with a rated thermal input <

500 kWth can be reduced by the application of:
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a. Product standards as described in CEN standards (e.g., EN 303-5) and equivalent
product standards in the United States and Canada. Countries applying such product
standards may define additional national requirements taking into account, in
particular, the contribution of emissions of condensable organic compounds to the
formation of ambient PM; or

b. Ecolabels specifying performance criteria that are typically stricter than the
minimum efficiency requirements of the EN product standards or national
regulations,

(i)  Emissions from existing residential combustion stoves and boilers can be reduced by the
following primary measures:

a. Public information and awareness-raising programmes regarding:
i The proper operation of stoves and boilers;
ii. The use of untreated wood only;
iii. The correct seasoning of wood for moisture content.
b. Establishing a programme to promote the replacement of the oldest existing

boilers and stoves by modern appliances, or

c. Establishing an obligation to exchange or retrofit old appliances.
The table 12 of annex X of the Gothenburg Protocol [ 1] provides the recommended limit values:

Table 131: Table 12 of Annex X of the Gothenburg Protocol [1]
Recommended limit values for dust emissions released from new solid fuel combustion
installations with a rated thermal input < 500 kWth to be used with product standards

Dust (mg/m?)
Open/closed fireplaces and stoves using wood 75
Log wood boilers (with heat storage tank) 40
Pellet stoves and boilers 50
Stoves and boilers using other solid fuels than wood 50
Automatic combustion installations 50

Note: O: reference content: 13%.

As presented in the previous chapters, efficiencies and emission values of small wood burning
appliances have evolved and lower emitting appliances are now available.

Standards could be potentially updated, consequently. The literature survey carried out by
TFTEIL allows to make some proposals.

One of the key issues is that the test procedures used for standardisation and labelling of
appliances should be designed to reproduce the real-life conditions of appliances and consider
both the solid and condensable fractions of PM.

Standards should be defined using test procedures reproducing the entire combustion cycle of
combustion, from the ignition phase to the residual coal bed weight phase, as currently applied
in Germany for the Blue Angel label [30], in US [89] and not only at nominal load, as currently
applied in the EU regulation 2015/1185 [17], for the measurement method based on heated
filters (solid fraction of PM measured). As presented in the previous chapters, experts
recommend such test procedures to push further the technological developments towards
optimized real-life operation and to better differentiate good and poor quality products.

The PM limit values proposed are still expressed in solid particles. Preferably, limit values
including condensables should be used, but, at this stage of the survey, it was difficult to propose
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values due to the lack of reliable measurement data, using the dilution tunnel. A large fraction
of PM is not represented, considering that condensables are absolutely necessary to better
characterize the impacts of PM on air quality. Moreover, optimisation of stoves efficiencies
cannot neglect such fraction of PM, because the optimisation factors are not the same for
condensables and for the solid fraction of PM. It is recognised that stoves in the US, are among
the best performing installations in the UNECE region [84]. Their performances have been
improved, since many years, thanks to the use of the dilution tunnel, able to consider both the
solid and the condensable fractions of PM, and the consideration of the entire combustion cycle
on test procedures.

Proposal of new standards for products to be introduced on the market:

Proposed updates of limit values for solid particles (dust) in appliances <50 kWth

Closed fronted solid fuel local space heaters using solid fuel other than compressed wood in
the form of pellets and cookers:

15 mg/m? dust [30] to 40 mg/m?> dust [17], at 13% O» with an update index of 1

Closed fronted solid fuel local space heaters using compressed wood in form of pellets:

5 mg/m?> dust [9] to 20 mg/m? dust [17], at 13% O, with an update index of 1

The limit of 5 mg/m® comes from the survey made by Vito [9] and the identification of best
performing appliances.

Proposed updates of limit for solid particles (dust) in boilers < 500 kWth
Automatically stoked boilers:

20 mg/m> dust [110] to 40 mg/m?> dust [18], at 10% O2 (29 mg/m? at 13% O,) with an update
index of 1

The lower limit value can be achieved with the use of integrated electro filters [110] as
presented above.

Manually stocked boilers:
60 mg/m> dust [18] (44 mg/m>, at 13% O2) with an update index of 1

Proposal of potential updates in limit values:

On the example of several countries, such as Germany [106], Denmark [9], Austria [9],
Switzerland [99], the introduction of updated limit values for existing appliances and new
installations, could be considered in the review of the current Amended Gothenburg Protocol
[1]. Moreover, on the example of the above mentioned countries, periodical controls, by
chimney sweepers operators could also be proposed.

The proposed limit values are as in the following and the update indexes proposed are of 1:
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Table 132: Proposal of potential update of ELVs of PM emissions in table 12 of Annex X of the
Amended Gothenburg Protocol [1]

Appliance Current limit Updated lower Updated upper

value for new limit values limit values

appliances with

a rated thermal

input < 500 kW

[1]
mg/m?>at 13% O
Open fireplaces 75 Implementation programmes for
replacing this type of appliance or
installation of additional equipment
with inset (front glass door)

Closed fireplaces and stoves using 75 40 [106][1] 75 [1]
wood
Log wood boilers (with heat 40 No proposal 40 [1]
storage tank)
Pellet stoves 50 20-30 [106] 50 [1]
Pellet boilers 50 30 50 1]
Stoves and boilers using other 50 40 [106] 50 [1]
solid fuels than wood
Automatic combustion 50 40 [106] 50 [1]
installations

The upper limit values in the table above are the current limit values of the Amended
Gothenburg Protocol, Annex X, table 12. The recently modified German regulation [106] has
been considered in the current report to define the updated lower limit values. For pellet boiler,
the proposed limit is based similarly on the example of stoves. Open fireplaces should be
avoided, to the extent possible, and programmes aiming at equipping the fireplaces with inset
(front glass door) should be promoted.

Controls during the life of the equipment should be recommended:

Boilers: controls every two years or four years, as respectively in Germany (2 years) [106] and
in Switzerland (2 or 4 years according to the size of the boiler) [99], with control of dust and
CO emissions are recommended.

Inset and stoves: every four years, as respectively in Germany (twice in 7 years) [106], with
control of dust and CO emissions.
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6.12. Limit values for non-residential combustion installations with a
rated thermal input range 100 kWth—-1 MWth

The table 13 of annex X of the Gothenburg Protocol [1] provides the recommended limit values,
as in the following:

Table 133: Table 13 of Annex X of the Gothenburg Protocol [1]
Recommended limit values for dust emissions released from boilers and process
heaters with a rated thermal input of 100 kWth—1 MWth

Dust (mg/m?)

Solid fuels 100 kWth—500 kWth New installations 50
Existing installations 150

Solid fuels 500 kWth—1 MWth New installations 50
Existing installations 150

Note: Oz reference content: wood, other solid biomass and peat: 13%; coal, lignite and other fossil solid fuels: 6%.

The limit values already implemented in some Member States or other Parties, are used to
propose updated limit values, as in the following.

The limit values implemented in Germany are as in the following [106]:

Table 134: Limit values in Germany for boilers with a thermal rate input >4 kW up to 1 MW

[106]
ELVs as in the Limit value expressed
Gl gtk at the O, content of
>4 kW up to | MW the GP Comments
SOl Biomass Sl Biomass
fossil fuel fossil fuel
mg/m’ at | mg/m3at | mg/m’at | mg/m’ at
13% O» 13% O2 6% O2 13% O»
New 40 20 75 20
Existing (put in operation transition period of 5
after the 22/03/2010) 40 40 75 40 | to 15 years
Existing (put in operation transition period of 5
before the 22/03/2010) 100 100 188 100 | to 15 years

For biomass, limit values are stricter than the values reported in the table 13 of annex X (area
highlighted in blue).

The limit values implemented in Switzerland are as in the following [99]:

Table 135: Limit values in Switzerland for boilers with a thermal rate input > 70 kW up to 1

MW [99]
> 70 kW ELVs as in the German Limit value expressed at
up to 1 regulation the O, content of the GP
MW Fossil fuel Biomass Fossil fuel Biomass Comments
mg/m? at mg/m?® at mg/m?® at mg/m?® at
7% O 13% O» 6% O 13% O»
70 kW-500 kW
Mandatory from
New 50 50 53,6 50.0 | 017062018
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> 70 kW ELVs as in the German Limit value expressed at
up to 1 regulation the O, content of the GP
MW Fossil fuel | Biomass Fossil fuel Biomass Comments
mg/m? at mg/m?® at mg/m?® at mg/m?® at
7% O, 13% O, 6% O2 13% O,
. Mandatory from
Existing 50 50 53,6 50,0 01/06/2028
500 kW-1000 kW
Mandatory from
New 20 20 21,4 20,0 01/06/2018
. Mandatory from
Existing 20 20 21,4 20,0 01/06/2028

In the blue area, limit values stricter than the values reported in table 13 of Annex X, are

highlighted.

The proposed updates in the limit values are as in the following and the update indexes proposed

are of 1:

Table 136: Proposal of potential update of ELV for boilers with a thermal rate input > 100 kW
up to 1 MW in table 13 of annex X of the Amended Gothenburg Protocol [1]

Limit value of table 13, ..
i Proposed updated limit values
Size of SOI}ﬁeﬁZSSII Biomass Solid fossil fuels Biomass

sl mg/m®at | mg/m’ at Lower Upper Lower Upper

6% O» 13% O, limit value | limit value | limit value | limit value

mg/m?® at 6% O, mg/m?® at 13% O,

100 kW-500 | New 50 50 50 [1] 50 [1] 20 [106] 50 [1]
kW Existing 150 150 50 [1] 150 [1] 50[99]| 100[106]
500 kKW — New 50 50 25*[99] 50 [1] 20[99] 50 1]
1000 kW Existing 150 150 25* [99] 150 [1] 20[99] | 100[106]

* 21,4 mg exactly in the Swiss regulation.

For existing boilers, a transition period, i.e. 10 years, might be allowed for the compliance with
the updated limit values.

As for smaller boilers, controls every two years or four years as respectively in Germany (2
years) [106] and in Switzerland (2 or 4 years according to the size of the boiler) [99], with
control of dust and CO emissions could be recommended.
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6.13. Limit values for non-residential combustion installations with a
rated thermal input IMWth-50 MWth

The table 14 of annex X of the Gothenburg Protocol [1] provides the recommended limit values,
as in the following:

Table 137: Table 14 of Annex X of the Gothenburg Protocol [1]

Recommended limit values for dust emissions released from boilers and process
heaters with a rated thermal input of 1 MWth-50 MWth

Dust (mg/m?)

Solid fuels > 1 MWth-5 MWth New installations 20
Existing installations 50

Solid fuels > 5 MWth-50 MWth New installations 20
Existing installations 30

Liquid fuels > 1 MWth-5 MWth New installations 20
Existing installations 50

Liquid fuels >5 MWth-50 MWth New installations 20
Existing installations 30

Note: Oz reference content: wood, other solid biomass and peat: 11%; coal, lignite and
other fossil solid fuels: 6%; liquid fuels, including liquid biofuels: 3%.

The limit values implemented in some Member States or other Parties and at the EU level have
been considered to propose the updated limit values, as in the following, for solid fuels:

Germany has specific limit values for combustion plants from 1 to 50 MW [94]. They are as in
the following (German limit values according to the ,,Vierundvierzigste Verordnung zur
Durchfiihrung des Bundes emmissions schutzgesetzes (Verordnung tiiber mittelgrof3e
Feuerungs- Gasturbinen- und Verbrennungsmotoranlagen - 44. BImSchV)*)

Table 138: Limit values in Germany for boilers in installations with thermal rate input between
1 MW to 50 MW for new and existing plants [94]

ELVs as in the German regulation ELVs expressed at the O, content of

Size of installations 44. BImSchV the GP
Fossil solid fuel Natural wood Fossil solid fuel Natural wood
mg/m® at 6% O, | mg/m’ at 6% O, | mg/m’at 6% O, | mg/m’ at 11% O,
New installations
1-5 MW 20 35 20 23.3
5-20 MW 20 20 20 13.3
>20 MW 20 20 20 13.3
Existing installations
1-5 MW 20 50"2 20 33.3
5-20 MW 20 30! 20 20.0
>20 MW 20 30! 20 20.0

lonly if fabric filters or electrostatic precipitators are used
2requirements apply from 1.1.2028 onwards, requirements of TA Luft 2002 apply before this date
Srequirements apply from 1.1.2025 onwards, requirements of TA Luft 2002 apply before this date

Other dust limit values are implemented for non-natural wood.

In the blue area, limit values stricter than the value reported in table 14 of Annex X, are
highlighted.
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The limit values implemented in Switzerland are as in the following [99]:

Table 139: Limit values in Switzerland for boilers with a thermal rate input between 1 up to 50

MW [99]

‘ ALV e o e Svvies memiliion Limit value expressed at the O, content

Size of of the GP
installations Fossil solid fuel Biomass Fossil solid fuel Biomass
mg/m3at7% O, | mg/m3*at11% O, | mg/m3at 6% O, | mg/m3at 11% O,

IMW-10MW
New 20 20 21.4 20.0
Exiting 20 20 21.4 20.0
10MW-100MW
New 10 10 10.7 10.0
Exiting 10 10 10.7 10.0

In blue, stricter limit values than in table 14 of Annex X are highlighted.

The EU directive on Medium Combustion Plants establishes the following limit values [19].

Table 140: Limit values established by the EU directive on Medium Combustion Plants with a
thermal rate input beteween 1 MW to 50 MW, for solid fuels [19]

ELVs as in the EU MCP Directive Limit value expressed at the O, content
[19] of the GP

Fossil solid fuel Biomass Fossil solid fuel Biomass

mg/m3at 6% O, | mg/m3at6% O, | mg/m3at6% O, | mg/m3at 11% O»
IMW-5SMW
New 50 50 50.0 333
Existing 50 50 50.0 333
SMW-20MW
New 30 30 30.0 20.0
Existing 50 50 50.0 33.3
20MW-500MW
New 20 20 20.0 13.3
Existing 30 30 30.0 20.0

In the blue area, limit values stricter than the values reported in table 14 of Annex X, are

highlighted.
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The proposed updates in the limit values are as in the following and the update indexes
suggested are 1:

Table 141: Proposed updates in the limit values for boilers with a thermal rate input from 1 MW

to 50 MW

L;I.?’lz;;gi ?f)t?}) ]le Proposed updated limit value
. Size qf Solid fossil Biomass Solid fossil fuels Biomass
installations fuels

Lower limit | Upper limit Lower Upper
nggémé <l nll%(/);n;at value pE)Ialue limit value limii)galue
o2 o2 mg/m? at 6% O mg/m® at 11% O,

IMW- New 20 20 20 [99] 20 [1] 20 [99] 20 [1]
5SMW Existing 50 50 20 [99] | 20[94][99] 20 [99] 30 [19]
SMW- New 20 20 20 [99] 20 [1] 20 [99] 20 [1]
10MW Existing 30 30 20 [99] | 20[94][99] 20 [99] 30 [1]
10MW- New 20 20 10 [99] 20[1] 10 [99] 20[1]
20MW Existing 30 30 10 [99] | 20 [94] [99] 10 [99] 30[1]
20MW- New 20 20 10 [99] 20 [1] 10 [99] 20[1]
50MW Existing 30 30 10 [99] | 20 [94] [99] 10 [99] 20[19]

For liquid fuels, the ELVs of the Gothenburg Protocols can be compared with the ELVs of the
MCP Directive [19].

Table 142: Limit values established by the EU directive on Medium Combustion Plants with a
thermal rate input between 1 MW to 50 MW for liquid fuels [19]

Liquid fuel

mg/m? at 6% O,
IMW-5SMW
New 50
Existing 50
SMW-20MW
New 20
Existing 30
20MW-50MW
New 20
Existing 30

Considering the comparison with the existing regulations in the EU, there is no need to
propose updated limit values, in the Annex X.
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7. Annex XI: limit values for emissions of VOC content
from products

Very few information is available to enable the update of ELVs. An in-depth study would be
necessary which could not be carried out in the scope of this review. However, the contacts
made with some coating manufacturers confirm the current limit values are still quite
demanding.

Table 143: Table 1, annex XI, proposal of potential update of ELV for emissions of VOC content
from products

Pag. | Reference and Update Index Potential update Description Potential Potential ELVs
Applicability
(%)
96
Table 1: Maximum VOC Update Index 3
content for paints and No identified
varnishes necessary update

Interior matt wall and ceilings
(Gloss < 25@60°):

WB: 30 g/1; SB: 30 g/l

Interior glossy walls and ceilings
(Gloss > 25@60°)

WB: 100 g/I; SB: 100 g/1

Exterior walls of mineral
substrate

WB: 40 g/1; SB: 430 g/l

Interior/exterior trim and cladding
paints for wood and metal

WB: 130 g/I; SB: 30 g/l

Interior/exterior trim varnishes

and _wood _stains, _including
opaque wood stains

WB: 130 g/1; SB: 400 g/1

Interior and exterior minimal
build wood stains

WB: 130 g/I; SB: 700 g/1
Primers

WB: 30 g/l1; SB: 350 g/l
Binding primers

WB: 140 g/1; SB: 500 g/1

One pack performance coatings
WB: 140 g/1; SB: 500 g/1

Two-pack reactive performance
coatings for specific end-use

WB: 140 g/I; SB: 500 g/1

Multi-coloured coatings
WB: 100 g/I; SB: 100 g/1

Decorative effects coatings
WB: 200 g/1; SB: 200 g/1

97
Table 2: Maximum VOC content Update Index 3

for vehicle refinishing products No identified
necessary update
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Pag.

Reference and Update Index

Potential update

Description

Potential
Applicability
(%)

Potential ELVs

Preparatory and cleaning:
preparatory: 850 g VOC/liter; pre-
cleaner: 200 g VOC/liter

Bodyfiller/stopper: all types: 250 g
VOC/liter

Primer: surfacer/filler and general
(metal) primer: 540 g VOC/liter;
wash primer: 780 g VOC/liter

Topcoat: all types: 420 g
VOC/liter

Special finishes: all types: 840 g
VOC/liter.
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8. Conclusions

The review work of the Technical Annexes (TA) to the Amended Gothenburg Protocol carried
out by TFTEI, in 2021 and the beginning of 2022, specifically concerned:

1. Annex IV: limit values for emissions of sulphur from stationary sources

2. Annex V: limit values for emissions of nitrogen oxides from stationary sources

3. Annex VI: limit values for emissions of volatile organic compounds from stationary

sources

4. Annex VIII: limit values for fuels and new mobile sources

5. Annex X: limit values for emissions of particulate matter from stationary sources

6. Annex XI: limit values for emissions of volatile organic compounds of products

Key message:

From a technological point of view, potential new ELVs have been identified as technically
feasible/consistent with the new/upgraded technologies now available, which would allow
significant emission reductions, in many of the sector/fuel(activity)/technology
combinations.

For what concerns the Industrial Processes and Large Combustion Plants (> 50 MW):

In Annex IV, V, VI and X, the abatement techniques are rather the same compared to the
tecniques considered during the previous review of the GP, in 2008-2010, but, in many cases,
their performances have evolved and the innovations introduced significantly improved the
abatement efficiency of the technologies and/or expanded their domain of application. These
technologies deliver lower emissions compared to the levels achieved by the limit values in the
existing TA, in many cases. As an example, higher efficient primary measures are available for
the reduction of NOy emissions from combustion of liquid and gaseous fuels.

The performances of the techniques are available, as range values, for the industrial processes
and large combustion plants concerned in the 4 annexes on stationary sources.

For what concerns the Small and Medium size Combustion Installations (< 50 MW):

Small and Medium size Combustion Installations, with a rated thermal input lower than 50
MWth, are covered in Annex X for PM emissions. Updated limit values technically achievable
have been identified for:
e Residential combustion installations with a thermal input lower than 500 kWth (mainly
domestic small appliances using wood and coal, in this category).

e Non-residential combustion installations with a thermal input ranging between 100
kWth and 1 MWth.
e Combustion installations with a thermal input ranging between 1 MWth to 50 MWth.

The new/updated technically achievable lower limit values, for appliances in the residential
combustion sector, are a consequence of the technology progress made in the development of
small domestic appliances. New types of small high efficiency electrostatic precipitators are
now available, also for domestic appliances. Similar improvements are also registered for new
electrostatic precipitators used on boilers, with a rated thermal output below 2 MW,
characterized by lower costs with respect the common electrostatic precipitators.

PM emissions from domestic sources are recognized to be one of the main sources responsible
of high PM and BC emissions, and therefore also high concentrations in ambient air, especially
in urban areas. For all regions of the UNECE , the overall guidance “Prioritizing reductions of
particulate matter from sources that are also significant sources of black carbon - analysis and
guidance [21]”, developed by TFIAM, in collaboration with TFTEI, adopted by EB at its 41
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Session, classifies domestic wood burning (and coal burning) as the priority source to be
addressed to reduce BC emissions. The “Code of good practice for wood-burning and small
combustion installations [23]”, adopted by EB at its 39" Session provides (a) Good practices
for domestic wood heating installations and (b) Best available techniques to reduce PMx s
emissions from domestic wood from domestic wood burning (and coal burning) in boilers and
stoves which should be prioritized to also achieve reduction of BC emissions.

For what concerns products containing VOC

As result of the review, in this field, no significant new information has been found, till now,
which would justify the proposal for potential updates in the Annex XI.

Analysis of sections in the TAs which could be considered obsolete and therefore cancelled

In general, sections in Annexes which are eligible for deletion have not been identified, with
the exception of some tables in annex VIII on mobile sources, which are considered obsolete
and therefore an updated is possible (but not necessarily cancelled).

Analysis of sections in the TAs which could be simplified

For all Annexes related to stationary sources, the cross paragraphs on compliance checking of
ELVs and measurement, are rather complex, but, at the same time deemed necessary to ensure
a good implementation of limit values and make progress in emission reduction. Rather than
simplifications, some updates would be suggested on definition of the mean value considered
(monthly, daily or other means). TFTEI would like to propose, in the next future, consistently
with other priority tasks, the development of a guidance document on pollutant measurements
for SO2, PM and NOx (similarly, TFTEI developed, in 2016, guidelines for estimation and
measurement of emissions of volatile organic compounds) [24].

Analysis of possible gaps in the Annexes

The technical annex V on limit values of NOx, developed before 2012, is not focussed on a
large number of industrial sources, potentially responsible for high emissions of NOx, nor on
combustion installations lower than 50 MWth. Considering the new WHO air quality guideline
for NO, in ambient air (10 pg/m® as an annual average compared to the current value of 40
ng/m?), which is likely taken in consideration, in the review of the Gothenburg Protocol, the
introduction of a set of additional industrial processes and combustion plants, with power lower
than 50 MWth, is suggested, in the technical annex V. The related abatement technologies are
available.

Implementation of Limit values for condensables and black carbon

In the conclusions of the EMEP report “How should condensable emissions be included in PM
emission inventories reported to CLRTAP/EMEP?[25]”, it is noticed that condensables cannot
be defined easily. Measurement techniques for condensables and black carbon exist but have
not yet largely agreed standards applied across Europe and North America. For condensables,
different analytical protocols may give different concentrations. Standardised methods should
then be developed to ensure a correct measurement of total PM concentrations in flue gases for
the purposes of identifying technically feasible limit values for PM, including condensables and
BC, which are mainly generated in small domestic wood burning appliances. There is also a
lack a measurement of PM emissions including condensables on appliances. The limit values
identified for filtrable PM (or solid PM) in this kind of appliances, allow significant emission
reductions of BC and the condensable part of PM.

Analysis of possible updates in the Guidance Documents
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All the technical and descriptive information collected on the new/upgraded technologies,
discussed above, will be the main documentation material to be included in the Guidance
Documents associated to the Annexes IV, V, VI, VIII, X and IX, as possible update.

Informal background document on the TAs and GDs review

The current comprehensive informal document with background information regarding BATs
and related ELVs is offered by TFTEI as informal document for WGSR 60 (11 - 14 April
2022).
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