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2394

ACTIVITIES INCLUDED

This chapter covers emissions released from plaster furnaces as part of the production of
plaster, depending on the technology applied (see Section 3.3).
Basic steps of a typical gypsum manufacturing process, producing crude gypsum, is shown as
an example in Figure 1. In this process gypsum is crushed, dried, ground, and calcined.
Raw material preparation
(crushing/stockpiling/screening)

Additives

Rotary ore dryer

Mill
Storage of
Cyclones

Calciner

landplaster
Storage of
stucco

Drying kiln/Rotary kiln

Gypsum/prefabricated products

Figure 1:

Basic steps of gypsum manufacturing process

Only combustion emissions are considered in this chapter (marked process steps in Figure 1).

2

CONTRIBUTION TO TOTAL EMISSIONS

The contribution of emissions released from plaster furnaces to the total emissions of the
CORINAIR90 inventory is given as follows.
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Table 2.1:
countries)

ic030204

Contribution to total emissions of the CORINAIR90 inventory (28

Source-activity

SNAPcode

Contribution to total emissions [%]

Plaster Furnaces

030204

SO2 NOx NMVOC CH4 CO CO2 N2O NH3 TSP*

PM10* PM2.5*

0

0.050

0.046

0.021

Highest value

0.201

0.179

0.079

Lowest value

0.004

0.003

0.001

Typical contribution

0

-

-

0

0

0.1

-

* EU PM2.5 Inventory project for EU25 for the year 2000 (TNO, 2006), contribution to total national emissions,
excluding agricultural soils
0 = emissions are reported, but the exact value is below the rounding limit (0.1 per cent)
= no emissions are reported

3

GENERAL

3.1

Description

Gypsum (calcium sulphate dihydrate CaSO4 ⋅ 2 H 2O ) is a naturally occurring mineral which
is processed into a variety of products such as a Portland cement additive, soil conditioner,
industrial and building plasters or gypsum wallboard /1/.
Gypsum ore, from quarries and underground mines, is crushed and stockpiled near a plant. As
needed, the stockpiled ore is further crushed and screened. If the moisture content of the
mined ore is greater than about 0.5 wt.-%, the ore must be dried in a rotary dryer or a heated
roller mill. Ore dried in a rotary dryer is conveyed to a roller mill. The ground gypsum leaves
the mill in a gas stream and is collected in a product cyclone. Ore is sometimes dried in the
roller mill by heating the gas stream, so that drying and grinding are accomplished
simultaneously and no rotary dryer is needed. The finely ground gypsum ore is known as
landplaster, which may also be used as a soil conditioner. /3/
3.2

Definitions

Plaster, gypsum

3.3

These expressions are often used synonymously. In this chapter plaster
is used for dehydrated landplaster (produced at lower temperatures of
ca. 200 °C) and gypsum is used for calcinated landplaster (produced at
higher temperatures of ca. 900 °C).

Techniques

In order to obtain boiled plaster (calcium sulphate semihydrate CaSO4 ⋅ 21 H 2O ), the gypsum
( CaSO4 ⋅ 2 H 2O ) must be partially dehydrated at a temperature of about 120 °C. After further
dehydration of the boiled plaster at a temperature of about 200 °C, stucco is obtained. Then
after calcination at a temperature of about 1,300 °C building plaster is formed.
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Two different combustion techniques are used: kettle calciners (combustion without contact
between product and flue gas), and rotary kilns (combustion with contact between product
and flue gas). In practice, plaster is obtained by dry processing in kettle calciners at a
temperature of about 120 to 180 °C. α-Gypsum is also obtained by dry processing mostly
within directly fired rotary kilns at a temperature of about 300 - 900 °C.
Normally, plaster is fed to kettle calciners or flash calciners, where it is heated to remove
three-quarters of the chemically bound water to form stucco. Calcination occurs at
approximately 120 to 150 °C and 1 Mg of gypsum calcines to about 0.85 Mg of stucco. /1/
In kettle calciners, the plaster or the gypsum is indirectly heated by hot combustion gas passed
through flues in the kettle and the stucco product is discharged into a “hot pit” located below
the kettle. Kettle calciners may be operated in either batch mode or continuous mode. In flash
calciners, the plaster or the gypsum is in direct contact with hot gases and the stucco product
is collected at the bottom of the calciner. /1/
Some plants use residual fuel oil, but the majority uses clean fuels such as natural gas or
distillate fuel oil. /3/ For the heating of rotary kilns shell burners are installed which are fed
by gas or oil.
3.4

Emissions

Particulate matter is the dominant pollutant in gypsum processing plants; combustion sources
emit mainly gaseous pollutants. Here only emissions released from plaster furnaces are
considered.
Relevant pollutants are sulphur oxides (SOx), nitrogen oxides (NOx) and carbon dioxide
(CO2). Emissions of volatile organic compounds (non-methane VOC and methane (CH4)),
carbon monoxide (CO) and ammonia (NH3) are of less relevance. Normally, emissions of
nitrous oxide (N2O) are not relevant1. Emissions of heavy metals are of less relevance.
Emissions of sulphur dioxide (SO2) in the flue gas of plaster furnaces depend on the sulphur
content of the fuel used and are mostly relevant for the production of calcinated plaster. For
the case of combustion with contact in rotary kilns a sulphur retention of SO2 occur at higher
temperatures.
The formation of nitrogen oxides (NOx) can be split into “fuel-NO”, “thermal-NO” and
“prompt-NO” as discussed in the chapter “Combustion Plants as Point Sources” (Section 3).
For the production of gypsum the dominating NOx formation mechanism mainly depends on
the operation temperature.
Emissions of heavy metals depend on the type of fuel used and are only relevant when using
heavy fuel oil. Most heavy metals (As, Cd, Cr, Cu, Ni, Pb, Zn, V) are normally released as
compounds (e.g. as chlorides) in association with particulates (see also chapter B111 on
“Combustion Plants as Point Sources” (Section 9). In the case of combustion with contact in

1

The amount of N2O reported in CORINAIR90 (see Table 1) is considered to be too high.
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rotary kilns the intake by the feed material has to be considered too, but also a heavy metal
retention in the raw material occurs.
3.5

Controls

SO2 emissions of plaster furnaces are only controlled by the use of low sulphur fuels (e.g.
switch from oil to gaseous fuels containing less sulphur).
For the control of NOx emissions from plaster furnaces only primary measures are relevant
(e.g. optimisation of furnace conditions and/or burners).
For the control of particulate matter fabric filters are often used. Electrostatic precipitators
(ESP) are installed at rotary ore dryers, roller mills, kettle calciners and conveying systems.
Although rotary ore dryers may be controlled separately, emissions from roller mills and
conveying systems are usually controlled jointly with kettle calciner emissions. Moisture in
the kettle calciner exit gas improves the ESP performance by lowering the resistivity of the
dust. /cf. 3/

4

SIMPLER METHODOLOGY

Emissions can be estimated at different levels of complexity; it is useful to think in terms of
three tiers2:
Tier 1: a method using readily available statistical data on the intensity of processes
(“activity rates”) and default emission factors. These emission factors assume a
linear relation between the intensity of the process and the resulting emissions.
The Tier 1 default emission factors also assume an average or typical process
description.
Tier 2: is similar to Tier 1 but uses more specific emission factors developed on the
basis of knowledge of the types of processes and specific process conditions
that apply in the country for which the inventory is being developed.
Tier 3: is any method that goes beyond the above methods. These might include the
use of more detailed activity information, specific abatement strategies or other
relevant technical information.
By moving from a lower to a higher Tier it is expected that the resulting emission estimate
will be more precise and will have a lower uncertainty. Higher Tier methods will need more
input data and therefore will require more effort to implement.
For the simpler methodology (equivalent to Tiers 1 and 2), where limited information is
available, a default emission factor can be used together with production capacity information
for the country or region of interest without further specification on the type of industrial
technology or the type and efficiency of control equipment.

2

The term “Tier” is used in the 2006 IPCC Guidelines for National Greenhouse Gas Inventories and
adopted here for easy reference and to promote methodological harmonization.
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Consequently the simplified methodology is to combine an activity rate (AR) with a
comparable, representative, value of the emissions per unit activity, the emission factors (EF).
The basic equation is:
Emission = AR x EF
In the energy sector, for example, fuel consumption would be activity data and mass of
material emitted per unit of fuel consumed would be a compatible emission factor.
NOTE: The basic equation may be modified, in some circumstances, to include emission
reduction efficiency (abatement factors).
Default emission factors for this purpose are provided in Section 8
5

DETAILED METHODOLOGY

The detailed methodology (equivalent to Tiers 3), to estimate emissions of gaseous pollutants
from the gypsum production is based on measurements or estimations using plant specific
emission factors - guidance on determining plant specific emission factors is given in
Measurement Protocol Annex.
Emission factors for the pollutants SO2, NOx, NMVOC, CH4, CO, CO2 and N2O are given in
Table 8.1 (see Section 8) based on literature data depending on the type of fuel used.
Emission factors related to the product are given in footnotes.

6

RELEVANT ACTIVITY STATISTICS

Information on the production of gypsum, suitable for estimating emissions using of the
simpler estimation methodology (Tier 1 and 2), is widely available from UN statistical
yearbooks or national statistics.
The detailed methodology (Tier 3) requires more detailed information. For example, the
quantities of gypsum produced by various types of industrial technologies employed in the
gypsum industry at plant level. This data is however not always easily available.
Further guidance is provided in the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories, volume 3 on Industrial Processes and Product Use (IPPU), chapter 2.2.1.3
"Choice of activity statistics".

7

POINT SOURCE CRITERIA

Plaster furnaces should be considered as area sources. Gypsum plants are considered as point
source according to the CORINAIR90 methodology, only if the whole plant emits more than
1,000 Mg/year of SO2, NOx, NMVOC or NH3. In this case, plaster furnaces within a gypsum
plant have to be reported collectively as part of a gypsum plant.
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EMISSION FACTORS, QUALITY CODES AND REFERENCES

The following Table 8.1 contains emission factors for the relevant pollutants based on
literature data. Oil and gas are mainly used as fuels, but in several plants solid fuels are
burned.
Table 8.1:

Emission factors for plaster furnaces
Emission factors

Type of fuel

NAPFUE SO2
code
[g/GJ]

s coal

hc subbituminous

s coal

hc coke oven coal 107

s coke

petroleum

102

110

680

3)

NOx5)

NMVOC6) CH4

CO

CO2

N2O

[g/GJ]

[g/GJ]

[g/GJ]

[g/GJ]

[kg/GJ]

[g/GJ]

3)

3)

3)

249

3)

15

15

79

98

3)

143)

0.4 - 4363)

0.3 - 2493)

153)

153)

22 - 1,5343) 1053)

143)

2753)

2493)

1.53)

1.53)

793)

143)

3)

43)

l

oil

residual

203

1,260 - 1,3233) 150 - 2493)

33)

33)

793)

763)

143)

l

oil

gas

204

3053)

2493)

1.53)

1.53)

793)

733)

143)

natural

301

4)

2493)

43)

43)

833)

553)

33)

1)

92

3)

5.2

-

1,429

973)
3)

111

not
specified

32

3)

wood

-

48

3)

s biomass

g gas

249

3)

800-1,4001)2)
g/Mg product

-

EPA /2/

2)

800 g/Mg for rotary ore dryer, 1,400 g/Mg for continuous kettle calciner and flash calciner

3)

CORINAIR90 data

4)

SOx

9,611

g/Mm3 fuel

Mineral products, process heaters (NAPFUE 301) /2/

5)

NOx

800

g/Mg product

Gypsum, rotary ore dryer /2/

1,400

g/Mg product

Gypsum, continuous kettle calciner and flash calciner /2/

6)

VOC

2

g/Mg product

Gypsum, rotary ore dryer, (NAPFUE 301) /2/

10

g/Mg product

Gypsum, continuous kettle calciner and flash calciner (NAPFUE 301) /2/

33.6

g/m3 fuel

Mineral products, process heaters, (NAPFUE 203) /2/

The following Table 8.2 contains emission factors for particulates for gypsum production,
derived from the CEPMEIP database (4).
Table 8.2:
Emission factors for gypsum production; whole process, including plaster
furnaces (CEPMEIP)
Abatement

unit

TSP

PM10

Control of fugitive
emission
Uncontrolled

PM2-5

Uncertaintyfactor
5

kg/ton
0.05
0.025
0.0075
gypsum
kg/ton
0.1
0.04
0.01
5
gypsum
NOTE: The uncertainty range (95% confidence) in the emission factor is expressed as a factor. The lower limit
of the uncertainty range can be found by dividing the emission factor by the uncertainty factor, whereas the
upper limit of the uncertainty range can be found by multiplying the range with the uncertainty factor. Example
(first row in Table 8.2): The uncertainty in the emission factor for PM2.5 with control of fugitive eission sources
is 5. The emission factor with uncertainty range will therefore be 0.0075 kg gram per tonne gypsum with an
uncertainty range of 0.0015 (0.0075 / 5) to 0.0375 (0.0075 x 5).
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9

SPECIES PROFILES

For combustion without contact species profiles for oxides of sulphur and nitrogen are
comparable to those released from combustion installations. Details can be found in chapter
B111 on “Combustion Plants as Point Sources” (Section 9).

10

UNCERTAINTY ESTIMATES

11

WEAKEST ASPECTS/PRIORITY
CURRENT METHODOLOGY

AREAS

FOR

IMPROVEMENT

IN

Weakest aspects discussed here are related to emission factors and activities. CORINAIR90
data can only be used to give a range of emission factors. Further work should be invested to
develop emission factors by taking into account technical or fuel dependent parameters.

12

SPATIAL DISAGGREGATION CRITERIA FOR AREA SOURCES

Spatial disaggregation can be achieved by the relation to the number of industrial employees
in industrial areas, the number of plants in the area considered, etc.

13

TEMPORAL DISAGGREGATION CRITERIA

Temporal disaggregation of annual emission data (top-down approach) provides a split into
monthly, weekly, daily and/or hourly emission data. Temporal disaggregation of annual
emissions released from plaster furnaces can be obtained by taking into account the
• time of operation and
• variation of load.
Data for the annual time of operation should take into account, that
• plants produce plaster during the whole year,
• the production of plaster in kettle calciners is a discontinuous process.
The load of a gypsum plant is determined by the variation of production due to varying
demand for products. Information concerning the variation in the demand for plaster can only
be obtained directly from plant operators.

14

ADDITIONAL COMMENTS

No additional comments.
15

SUPPLEMENTARY DOCUMENTS

No supplementary documents.
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VERIFICATION PROCEDURES

As outlined in the chapter on “Concepts for Emission Inventory Verification”, different
general verification procedures can be recommended. Verification procedures for activity data
and emission factors can be related on a national level and on a plant level.
Emission data for plaster furnaces can be verified on a territorial unit level (e.g. national
level) by comparing the annual emissions related to a territorial unit to independently derived
emission estimates (e.g. obtained by using population equivalents). Another possibility is the
use of emission density comparisons of e.g. emissions per capita or emissions per GDP
between countries with comparable economic structures.
Verification on a plant level takes into account e.g. the number of plaster furnaces within the
plants considered. The verification on a plant level relies on comparisons between calculated
emissions/emission factors and those derived from emission measurements.

17
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