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SNAP CODE: 040603 

 

SOURCE ACTIVITY TITLE: PROCESSES IN WOOD, PAPER PULP, FOOD, DRINK 

 AND OTHER INDUSTRIES 

 Paper Pulp (Acid Sulphite Process) 

 

 

NOSE CODE: 105.07.02 

 

NFR CODE: 2 D 1 

 

 

1 ACTIVITIES INCLUDED 

Pulp and paper production has three major processing steps: pulping, bleaching, and paper 

production. The type of pulping and the amount of bleaching used depend on the nature of the 

feedstock and the desired qualities of the end product. Sulphite pulping is one of the chemical 

pulping processes that can be used. It involves chemically pulping the wood using SO2 

adsorbed in a base solution. Sulphite pulping produces a weaker paper than some other types 

of pulping, but the pulp is less coloured, making it more suitable for printing, often with little 

bleaching. 
 

The production of sulphite pulps (European Commission 2001) is much smaller than the 

production of kraft pulps and sulphite pulps are more used in special purposes in 

papermaking rather than being an alternative market pulp grade for kraft pulps. Very little 

unbleached sulphite pulp is made and the yield is a little higher which can be attributed to the 

lower pH in the cooking. 

 

Not all sulphite pulping and related processes that could result in the emission of significant 

amounts of NMVOC, SOx, particulates, NOx and CO are included under SNAP Code 

040603. Other significant sources are summarized in Table 1 

 

Table 1: Other Relevant SNAP Codes for Paper Pulping - Acid Sulphite Process 

 
 

Source 
 

SNAP CODE 

 
Combustion in boilers 

 
03 01 xx 

 
Paper-mill industry (drying processes) 

 
03 03 21 

 
Waste Water Treatment 

 
09 01 xx 

 

 

In addition to more conventional fuels such as wood/bark, coal, oil and natural gas, boilers at 

pulp and paper mills may combust red liquor (see section 3 below), small quantities of 
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wastewater treatment sludge (from both virgin pulp and recycle operations), no-nrecyclable 

recovered paper, tire-derived fuel, old corrugated container materials etc. (NCASI 1993) 

 

It is assumed that these non-conventional fuels that are combusted in boilers will be covered 

somewhere in SNAP group 03. 

 

This section is under review by Scandinavian participants. Changes are anticipated as more 

information becomes available. These will be incorporated in a future edition of this manual. 

 

 

2 CONTRIBUTIONS TO TOTAL EMISSIONS 

Table 2 summarises emissions reported from acid sulphite pulp and paper processes. 

 

Table 2a: Contribution to total emissions of the CORINAIR90 inventory (28 countries) 

SSoouurrccee--aaccttiivviittyy  SSNNAAPP--

ccooddee  

CCoonnttrriibbuuttiioonn  ttoo  ttoottaall  eemmiissssiioonnss  [[%%]]  

    SSOO22  NNOOxx  NNMMVVOOCC  CCHH44  CCOO  CCOO22  NN22OO  NNHH33  

PPaappeerr  PPuullpp  ((AAcciidd  

SSuullpphhiittee  PPrroocceessss))  

004400660033  00..22  00  00..11  --  --  --  --  --  

0 = emissions are reported, but the exact value is below the rounding limit (0.1 per cent) 

- = no emissions are reported 

 

Table 2b: Emissions from Paper Pulping - Acid Sulphite Process 

 
 

 
Particulate 

 
SOx 

 
NOx 

 
CO 

 
NMVOC 

 
Country 

 
Emissions 

(Mg) 

 
%

1
 

 
Emissions 

(Mg) 

 
%

1
 

 
Emissions 

(Mg) 

 
%

1
 

 
Emissions 

(Mg) 

 
%

1
 

 
Emissions 

(Mg) 

 
%

1
 

 
Canada (1985) 

 
2163 

 
0.1 

 
32591 

 
0.9 

 
130 

 
<0.0 

 
 

 
 

 
 

 
 

 
United States 

(1985) 

 
 

 
 

 
22000 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

1
 % of total anthropogenic emissions. 

 

 

3 GENERAL 

3.1 Description 

In the acid sulphite process, a caustic solution (cooking liquor) is used under high temperature 

and pressure to chemically dissolve the lignin that binds the cellulose fibres of the wood 

together. The caustic solution is SO2 adsorbed in a base solution. The bases commonly used 

are calcium, magnesium, ammonia or sodium. After digestion, the wood pulp is washed and 

dried for sale as market pulp, or further treated by refining, cleaning and addition of other 

pulps and chemicals, and made into paper on-site. Depending on the intended use of the 

product, the pulp may or may not be bleached. Heat and/or chemical recovery may also be 
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done, depending on the cooking liquor used. An acid plant will normally be necessary to 

supply the mill sulphite requirement. 

 

3.2 Definitions 

 

 

3.3 Techniques 

The main process steps involved in acid sulphite pulping are briefly described below. It 

should be noted that some of the main sources for acid sulphite pulping are inventoried under 

other SNAP codes (see section 1 above). (Environment Canada 1983, U.S. EPA 1985 and 

U.S. EPA 1991) 

 

Digestion  Digestion is carried out under high pressure and high temperature, in either batch 

mode or continuous digesters, in the presence of a sulphurous acid/bisulphite cooking liquid 

(see acid plant below). The delignification is accomplished by sulphonation and hydrolysis 

reactions which form soluble ligno-sulphates. When this is completed, the contents of the 

digester are either discharged at high pressure into a blow pit or pumped into a dump tank at 

lower pressure. A blow pit is a tank with a finely perforated bottom to allow liquids to drain 

out while retaining the pulp. A blow tank is commonly an atmospheric cyclone. The spent 

sulphite liquor (sometimes called red liquor) is drained, and discharged or treated and 

incinerated or sent to a plant for recovery of heat and/or chemicals.  

 

Washing  The pulp is then washed with fresh water to further remove dissolved chemicals. 

This water is usually routed to recovery operations. 

 

Bleaching The pulp is produced as a slurry after removal of spent cooking chemicals and 

dissolved wood organics. Bleaching chemical pulps is generally complex. Strictly speaking, 

bleaching is part of the paper making process, as opposed to pulping, but has been included 

under this SNAP code for complete coverage of the pulp and paper industry as a whole. 

 

Chemical Recovery  More than a dozen types of recovery systems, using widely different 

processes, are in operation around the world. The variety of systems for heat and/ or chemical 

recovery is largely due to the variety of cooking bases used. 

 

The sulphite cooking process is based on the use of aqueous sulphur dioxide (SO2) and a base 

-calcium, sodium, magnesium or ammonium. The specific base used will impact upon the 

options available within the process in respect of chemical and energy recovery system and 

water use. Today, the use of the relatively cheap calcium base is outdated because the cooking 

chemicals cannot be recovered. In Europe (European Commission, 2001) there is still one 

mill (FR) using ammonium as a base. The dominating sulphite pulping process in Europe is 

the magnesium sulphite pulping with some mills using sodium as base. Both magnesium and 

sodium bases allow chemical recovery. The lignosulphonates generated in the cooking 

liquour can be used as a raw material for producing different chemical products.  
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In calcium base systems, chemical recovery is not practical, and the spent liquor is usually 

discharged or incinerated. In ammonium base operations, heat can be recovered by 

combusting the spent liquor, but the ammonium base and sulphur are lost. In sodium or 

magnesium base operations, the heat, sulphur and base may all be recovered. 

 

The first step in all recovery systems is the concentration of red liquors in a multiple effect 

evaporator, and possibly a direct contact evaporator, to anywhere from 35 to 60 percent 

solids, depending upon the type of combustion unit to be used. The >strong= liquor is then 

sprayed into a furnace and burned, producing steam to operate the processes or other power 

requirements. 

 

When only heat recovery is practiced, the recovery process might actually be considered 

conventional combustion and inventoried under snap code 03 as mentioned in section 1. 

 

When magnesium base liquor is burned, the combustion products are a carbon-free MgO ash 

and SO2. The gases pass through a series of multiple cyclones where the ash is collected and 

flushed with water to a retention tank. The MgO slurry is then converted to Mg(OH)2 in the 

slaking system and used for absorption of the SO2 in a series of venturi scrubbers. The overall 

chemical recovery of sulphur and Mg(OH)2 is around 80%. 

 

When sodium base liquor is burned, the inorganic compounds are recovered as a molten 

smelt containing sodium sulphide and sodium carbonate. This smelt may be further processed 

and used to adsorb SO2 from the flue gas and sulphur, or sold to a kraft mill as raw material 

for producing green liquor. It is not suitable for reuse in sulphite cooking. 

 

Acid Plant  In an acid plant, sulphur is normally burned in a rotary or spray burner. The gas 

produced is then cooled by heat exchangers and a water spray and then absorbed in a variety 

of different scrubbers containing either limestone or a solution of the base chemical. In the 

past, limestone was used exclusively in the gas absorption tower, serving both as a packing 

and a chemical source of calcium. More recently, soluble bases such as magnesium, sodium 

and ammonium are used for environmental reasons as well as improved pulp strength. Before 

the raw acid is used in pulping it is fortified with relief SO2 from the digester. The 

fortification takes place in the low and high pressure accumulators, which are pressurized to 

increase the solubility of SO2 in the liquor. 

 

3.4 Emissions 

SO2 is usually considered the major pollutant from acid sulphite processes. The digester and 

blow pit (or blow tank) system is a major source of SO2. It is present in the intermittent 

digester relief gases, as well as in the gases released when the digester is discharged into the 

blow pit or blow tank. SO2 is also released from the recovery system, the various pulp 

washing, screening and cleaning operations, as well as from evaporators and acid fortification 

towers. (Environment Canada 1983 and U.S. EPA 1985). 

 

Particulate may be released from the absorption system handling the recovery furnace 

exhaust. Ammonium base systems generate less particulate than do magnesium or sodium 

base systems. (U.S. EPA 1985) 
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The recovery furnace is a source of VOCs (Stockton and Stelling n.d.) Bleaching operations 

may also be minor sources of VOCs. (NCASI 1993) 

 

In a magnesium sulphite mill (European Commission 2001) the main source for sulphur 

oxide emissions is the recovery boiler. After the recovery boiler, magnesium oxide ash is 

collected from the flue gas in electrostatic precipitators and washed with water forming 

magnesium hydroxide. This liquid is used in venturi scrubbers to absorb SO2 and SO3 from 

the recovery boiler (and in a few mills also from the digesters, washers and evaporators). The 

absorption system is made up with a number of scrubbers, normally three, four or five. 

 

3.5 Controls 

Many mills have separate blow tanks, or pits, and emission stacks for each digester. Water 

showers may be installed in the blow tank vents to control the blowing SO2 emissions, or a 

scrubber may be used. The latter may achieve an efficiency of as high as 99 percent. 

(Environment Canada 1983). 

 

Magnesium, sodium and ammonium base recovery systems all use absorption systems to 

recover SO2 from sources such as the recovery furnaces, acid fortification towers and multiple 

effect evaporators. Generally these recover better than 95 percent of the sulphur for reuse, by 

scrubbing with the base chemical slurry or solution. (Environment Canada 1983, U.S. EPA 

1985) 

 

Depending on local conditions the following devices and systems can be found in sulphite 

pulp mills for collecting and purifying emissions to the atmosphere (European Commission 

2001): 

• Cyclone for chip blowing, 

• The gases from the continuous pressure control relief of the digesters are led to 

combustion in the recovery boiler. 

• Collecting system for aerating gases from digesters, blow tanks, knot screens, washing 

filters, all weak and thick liquor tanks and fibre filters. These gases are led to 

combustion in the recovery boiler, 

• Scrubbers for the absorption of sulphur dioxide in aerating gases from the bleach 

plant. 

• Non-condensable gases from the evaporation are led to combustion in the recovery 

boiler. 

• Absorption of SO2 in the flue gases leaving the recovery boilers in the acid 

preparation plant (venturi-scrubber system). 

• Collection system for ventilation gases from the boiler house's liquor and condensate 

tanks, weak liquor filter and mix tank. The gases are led to combustion in the recovery 

boiler. 

• Dust separation from flue gases from the auxiliary-boiler (burning bark, oil or other 

fuels) with electrofilter (ESP) and wet scrubber. 

• NOx-reduction in the bark boiler by injection of urea. 
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4 SIMPLER METHODOLOGY 

Acid sulphite pulping facilities are inventoried as point sources using total production 

statistics for each plant in combination with the most appropriate emission factors.  Default 

emission factors are provided in section 8.1. 

 

5 DETAILED METHODOLOGY 

The preferred methodology would involve the measurement of emissions from each plant to 

develop site-specific emission factors for all potentially significant sources. These emission 

factors could then be used to calculate emissions, as required, until such time as the process 

or emissions controls are significantly changed. At this time, new site-specific emission 

factors should be derived based on testing. 

Reference emission factors for comparison with users own data are provided in Section 8.2. 

 

Should a key source analysis indicate this to be a major source of particulate matter (TSP, 

PM10 or PM2.5) then installation level data should be collected using a protocol such as that 

illustrated in the Measurement Protocol Annex. 

 

6 RELEVANT ACTIVITY STATISTICS 

Most emission factors are based on the production of air-dried tonnes of unbleached pulp. 

 

7 POINT SOURCE CRITERIA 

A recent report (Stanley 1993) indicated that six sulphite mills in Canada emitted a total of 

456 Mg of NOx and 1597 Mg of NMVOC in 1990. Unfortunately, neither a breakdown of 

this information nor production information was supplied. However, this would seem to 

indicate that sulphite pulping processes should be inventoried as point sources if plant 

specific data are available. 

 

8 EMISSION FACTORS, QUALITY CODES AND REFERENCES 

8.1 Simpler Methodology 

A summary of default emission factors for use with the simpler methodology for estimating 

emissions is provided in Table 8.1.  Care should be taken not to double-count emissions 

reported in 0301 Combustion in boilers, gas turbines and stationary engines, and 040603.  
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Table 8.1 Default emission factors from Paper Pulp (Acid Sulphite Process) 

 

Pollutant 

 

Emission factor Units 

Particulate matter   

 Total suspended particulate (TSP) 1 kg/tonne (unbleached dried pulp) 

 PM10 0.75 kg/tonne (unbleached dried pulp) 

 PM2.5 0.67 kg/tonne (unbleached dried pulp) 

SO2 4 kg/tonne (dried pulp) 

NOx 2 kg/tonne (dried pulp) 

VOC 0,2 kg/tonne (dried pulp) 

The value for SO2, NOx and VOC are extracted from the Integrated Pollution Prevention and 

Control Reference Document on Best Available Techniques [IPPC, BREF] (European 

Commission, 2001) and are relative to existing plants as shown in Table 8.4. Emissions 

reported here are average values. Values for Particulate Matter are from U.S. EPA (EPA, 

1985). Because of its importance in terms of capacity and numbers of mills running in Europe 

in Table 8.1 the focus is on magnesium sulphite pulping. 

 

8.2 Detailed Methodology 

 

Long term particulate and SO2 average emission factors for sulphite pulping are summarized 

Table 8.2 (U.S. EPA 1985). 

Table 8.2 Particulate and SO2 Emission Factors for Sulphite Pulping (U.S. EPA 1985) 

   Emission Factor 

(kg/Mg air dried unbleached pulp) 

Source Base Control Particulate SO2 Rating 

Digester/blow
a
 pit All None neg 5 to 35 C 

 MgO Process Change
b
 neg 1 to 3 C 

 MgO Scrubber neg 0.5 B 

 MgO Process change/scrubber neg 0.1 B 

 MgO All exhaust to recovery 

system 

neg 0 A 

 NH3 Process Change neg 12.5 D 

 NH3 Process Change/scrubber neg 0.4 B 

 Na Process Change/scrubber neg 1 C 

 Ca Unknown neg 33.5 C 

Recovery system
c
 MgO Multicyclone/venturi 

scrubbers 

1 4.5 A 

 NH3 Ammonia absorption/mist 

eliminator 

0.35 3.5 B 

 Na Sodium Carbonate Scrubber 2 1 C 

Acid Plant
d
 NH3 Scrubber neg 0.2 C 

 Na Unknown
e
 neg 0.1 D 

 Ca Jenson Scrubber neg 4 C 

Other
f
 All None neg 6 D 

Notes  

a. Factors represent emissions after cook is completed and when digester contents are discharged into blow 

pit or dump tank. Some relief gases are vented from digester during cook cycle, but these are usually 
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transferred to pressure accumulators and SO2 therein reabsorbed for use in cooking liquor. In some mills, 

actual emissions will be intermittent and for short periods. 

b. May include such measures as raising cooking liquor pH (thereby lowering free SO2), relieving digester 

pressure before contents discharge, and pumping out digester contents instead of blowing out. 

c. Recovery system at most mills is closed and includes recovery furnace, direct contact evaporator, multiple 

effect evaporator, acid fortification tower, and SO2 absorption scrubbers. Generally only one emission 

point for entire system. Factors include high SO2 emissions during periodic purging of recovery systems. 

d. Necessary in mills with insufficient or no recovery systems. 

e. Control is practiced, but type of system is unknown. 

f. Includes miscellaneous pulping operations such as knotters, washers, screens, etc. 

These emission factors are cited as being from: Background Document: Acid Sulfite Pulping. EPA-450/3-77-

005.U.S. EPA January 1977. 

 

A publication from the Canadian Pulp and Paper Association (Stanley 1991) summarized 

available NOx and VOC emission factors from Stockton and Stelling n.d.: as provided in 

Table 8.3. 

Table 8.3 NOx and VOC Emission Factors for Sulphite Pulping (Stockton and Stelling 

n.d.) 

  
 
 

 
Emission Factor 

(kg/tonne air dried pulp) 

Source Base Control NOx VOC 
 

Rating 

Acid Plant NH3  0.0
a
 0.0

b
  

 Na  0.0
a
 0.0

b
  

 Ca  0.0
a
 0.0

b
  

Digester/blow
a
  Ca  0.0

a
 neg

c
  

pit or dump tank All others  0.0
a
 neg

c
  

 NH3 Process Change, scrubber 0.0
a
 neg

c
  

 MgO Process Change, scrubber 0.0
a
 neg

c
  

 MgO Recovery System 0.0
a
 neg

c
  

 Na Process Change, scrubber 0.0
a
 neg

c
  

Other Misc. 

Sources 

  0.0
a
 neg  

Recovery NH3  0.0
a
 1.8

d
  

System MgO  0.0
a
 1.8

d
  

 
 

Na  0.0
a
 1.8

d
  

Notes 

a. No test data available. NOx emissions expected to be zero due to low temperatures of operation. 

b. Based on VOC emissions for sulphuric acid plant. 

c. Based on data from U.S. state files specifically for the ammonia digester/blow pit/dump tank but should be 

similar for other digester/blow pit/dump tanks. 

d. Based on NCASI (National Council of the Paper Industry for Air and Stream Improvement Inc., U.S. 

referenced in Stockton and Stelling n.d.) data. Data were specific to the MgO process but levels should be 

similar to those at any acid plant. These data are an approximation in the absence of better information. 

 

An emission factor of 0.05 (range 0.004 - 0.14) kg VOC (as C)/tonne air dried pulp is 

reported by the NCASI (1993) for pulp bleaching. This is based on tests of one to eleven 

vents at thirteen sources. The type of pulp is not specified. 
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Although ratings for these NOx and VOC emission factors are not given, a D or E rating 

would seem appropriate. 

 

Following the Integrated Pollution Prevention and Control Reference Document on Best 

Available Techniques (European Commission, 2001), emissions are about 4 - 6 kg SO2 per 

tonne of pulp when three scrubbers are used and 2 - 3 kg/t when four are used. Each scrubber 

reduces the concentration by about 70%. There are also less concentrated SO2 emissions from 

the bleach plant, the digesters, washing and the auxiliary boilers. 

 

Emissions of NOx (European Commission, 2001) from sulphite pulp mill recovery boilers are 

generally higher than those from kraft pulp mills because of the higher temperature in the 

recovery boiler. NOx emissions range normally from 100 - 200 mg/MJ or about 1.5 - 3 kg/t of 

pulp. Table 8.4 summarises typical ranges for SO2 and NOx from recovery boilers. 
 

Table 8.4 Emissions from sulphite pulp recovery boilers and corresponding 

concentrations (European Commission, 2001) 
 

Unit  S NOx 

Kg/t 0.5 – 3 1.0 – 3 

(mg/m
3
)* (100 - 400) (200 - 500) 

* at a gas flow of about 6000 - 7000 m
3
/t (NTP, dry gas) 

 

Emissions of furfural mercaptanes and H2S might cause odour and emissions of gaseous 

sulphur may also cause annoyance. At some mills emissions of malodorous gases are 

collected and burnt in the recovery boiler. 
 

The reported ranges of total emissions to the atmosphere from European sulphite pulp mills 

are shown in Table 8.5. 
 

Table 8.5 Atmospheric emissions from European sulphite pulp mills as yearly 

average (European Commission, 2001) 
 

Unit  Total gaseous S 

[kg/ADt*] 

NOx 

[kg/ADt*] 

Recovery boiler  0.5-5 1-3 

Bark boiler  0.02-0.06** 0.1-1** 

Total emissions from mills  0.55-5** 1.2-4.2** 

*
 
ADt = air dried tonnes of pulp 

** For the bark boiler estimated figure (bark boiler recorded under separate SNAP codes). Any use of fossil fuel 

in the bark boiler is not included 

 

Emissions of VOC from the process are about 0.2 kg/t of sulphite pulp (European 

Commission, 2001). The chip-heaps also contribute to emissions of VOC. 

 

Depending on the type of the specific process-integrated measures implemented and the 

technical character of the mill the emissions associated with the use of best available 

techniques (BAT) in Table 8.6 can be generally achieved. 
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Table 8.6 should be read together with the following additional explanations. As far as 

concentrations of emissions are given they refer to daily averages and standard conditions of 

273 K, 101.3 kPa and dry gas. The reference oxygen content is 5% for recovery boilers. 

 

In sulphite pulp mills, emission of particulates is controlled by electrostatic precipitators and 

multi-stage scrubbers. Dust emissions for recovery boilers between 5 – 20 mg/Nm
3
 or 0.02 - 

0.15 kg TSP/ADt (with a gas flow of 6000 - 7000 m
3
/ADt) can generally be achieved by use 

of ESP and scrubbers. 

 

Reduction of SO
2
 emission from flue gases by absorption in alkaline liquid is considered 

BAT. A removal efficiency for SO
2
 of 95 + % is achievable. From recovery boilers equipped 

with multi-stage scrubber SO
2
 emissions between 50 - 150 mg S/Nm

3
 or 0.3 - 1.0 kg S/ADt 

are achievable. 

 

The emission of nitrogen oxides can be controlled by burner design (low NOx burners) and 

modified combustion conditions (primary methods). The design of the recovery boiler (staged 

air feed systems) can result in relatively low NOx concentrations. Achievable emission levels 

are in the range of 200 - 300 mg NOx/Nm
3
 or 1.0 - 2.0 kg NOx/ADt respectively. 

 

Table 8.6 Emission levels from the pulping process (recovery boiler and fugitive 

emissions) associated with the use of a suitable combination of best available techniques 

(emissions from any auxiliary boiler are not included) (European Commission, 2001) 

 
Parameters Units Bleached sulphite pulp mills 

TSP kg/ADt 0.02-0.15 

SO2 as S kg/ADt 0.5-1.0 

NOx as NO2 kg/ADt 1.0-2.0 

 

9 SPECIES PROFILES 

 

 

10 UNCERTAINTY ESTIMATES 

 

 

11 WEAKEST ASPECTS/PRIORITY AREAS FOR IMPROVEMENT IN 

 CURRENT METHODOLOGY 

The simpler methodology relies on emission factors that may not be representative of the 

process. The detailed methodology is costly and labour intensive, and may still not result in 

accurate estimates of emissions. However, continuous measurements are thought to be too 

costly in view of the total contribution to emissions from this sector. 

 

 

12 SPATIAL DISAGGREGATION CRITERIA FOR AREA SOURCES 

National emissions estimate can be disaggregated on the basis of plant capacity, employment 

or population statistics. 
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13 TEMPORAL DISAGGREGATION CRITERIA 

Acid sulphite pulping facilities normally run year-round. It may be assumed that emissions 

occur uniformly over diurnal and annual cycles, barring unusual operational disruptions. 

 

 

14 ADDITIONAL COMMENTS 

 

 

15 SUPPLEMENTARY DOCUMENTS 

 

 

16 VERIFICATION PROCEDURES 
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