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Kondensoitumattomat kaasut (NCG) ovat hajukaasuja, jotka syntyvät sellun tuotannon sivu-

tuotteena. Jo useiden vuosien ajan ihmiset ovat osoittaneet mielenkiintoa TRS- ja metanoli-

pitoisuuksiin NCG:ssä, mutta nämä kaasut voisivat olla myös hyvä ammoniakin lähde teh-

taille. Tämän diplomityön tavoitteena oli kerätä jo tehtyjä ammoniakkimittauksia, jotta saa-

taisiin parempi käsitys NCG:n kokonaisvirroista ja niiden ammoniakkipitoisuuksista. Typen 

muodostuminen tehtailla oli myös kiinnostuksen kohde. Sellutehtaalle typpi saapuu puun 

mukana ja typpi poistuu puusta typpeä sisältävien orgaanisten yhdisteiden ja ammoniakin 

muodossa massanvalmistusprosessin aikana. 

 

Käytännön osassa kerättiin mittauksia 22 sellutehtaalta. Tehtaille etsittiin sellutyyppi ja tuo-

tannon määrä. NCG-virtauksille etsittiin virtausnopeudet, lämpötilat, TRS-pitoisuudet ja 

ammoniakkipitoisuudet. Datan analysoinnin jälkeen todettiin, että haihdutusosaston väke-

vissä hajukaasuissa on ylivoimaisesti suurin ammoniakkipitoisuus, kun taas pienempiä, 

mutta silti merkittäviä pitoisuuksia löydettiin myös talteenottokattilan ja kaustisoinnin osas-

toilla muodostuvista kaasuista. Diplomityö antaa hyvät arviot hajukaasujen virtauksista sekä 

ammoniakkipitoisuuksista, vaikka joissakin mittauksissa havaittiinkin ongelmia. 
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Non-condensable gases (NCG) are odorous gases that are by-products of the kraft pulp pro-

cess. For many years people have put interest on TRS and methanol content in NCGs, but 

these gases can also provide a good resource for ammonia in pulp mills. The object of this 

Master’s thesis was to collect already completed NCG ammonia measurements to get a better 

understanding on the overall NCG flows and their ammonia concentration. The nitrogen 

paths in the mill were also an object of interest. Nitrogen enters the pulp mill with the wood 

and is removed from the wood in the form of nitrogen-containing organic compounds and 

ammonia during the pulping process.  

 

In the practical part measurements were gathered from the total of 22 pulp mills. For the 

mills pulp type and production value were collected. For the NCG flows flow rates, temper-

atures, TRS concentrations and ammonia concentrations were collected. After the data anal-

ysis it was determined that CNCG from evaporation department has by far the highest am-

monia concentration, while smaller but still significant concentrations were also found from 

the recovery boiler and recaustization departments vent gases. The thesis provides good es-

timations of the ammonia flows in odorous gases, even though few of the measurements did 

have some issues.  
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1 INTRODUCTION 

1.1 Background  

Environmental issues regarding acceptable emission levels have become stricter during the 

past decades. Numerous industry sectors, including the pulping industry, are attempting to 

develop new, more ecologically friendly products and improve their processes in order to 

reduce their environmental footprint. Changes in the pulping sector toward greener tech-

niques are expected to be implemented without harming the mill's profitability. To do so, 

pulp mills have built more closed systems and are attempting to reuse and recover as much 

chemicals, energy, and heat as possible from the pulping process. 

 

The chemical pulping process produces odorous gases that come from the cooking chemicals 

and from the wood used as a raw material. The collection and treatment of odorous gases is 

essential for the mills, although from the mills' point of view it is unprofitable since the 

collection and treatment of the gases do not contribute to the mill's pulp production. Modern 

pulp mills are designed to be completely free from odorous gases, and they almost never 

emit TRS during the pulping and recovery operations. Venting to the atmosphere can some-

times happen, but only as a last resort in the event of operational difficulties or equipment 

failure. 

 

The production of pulp, sulfur dioxide and TRS emissions in Finnish pulp mills over the past 

few decades is shown in Figure 1.  
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Figure 1. Sulfur emissions into the air from the Finnish pulp and paper industry. (Metsäteollisuus, 2020) 

 

As we can see from the Figure 1 the production of pulp has stayed relatively similar over the 

past decades while the produced sulfur dioxide and TRS emissions have decreased. This is 

partly because the main focus in the past decades has been on reducing these concentrations 

from the non-condensable gases (NCG). However, there is other components present in 

NCG, for example ammonia. 

 

In this thesis the focus is especially on the ammonia concentrations in different NCG 

streams. Ammonia is a volatile nitrogen that is emitted from black liquor during the initial 

stages of evaporation. The majority of these volatilized nitrogen species are found in meth-

anol and non-condensable gases. Evaporation can also release pyrrole and other volatile or-

ganic nitrogen species. 

 

Non-condensable gases are generally divided into two categories, dilute non-condensable 

gases (DNCG), and concentrated non-condensable gases (CNCG). Hydrogen sulfide (H2S), 

methyl mercaptan (CH3SH), dimethyl sulfide ((CH3)2S), dimethyl disulfide ((CH3)2S2), 

methanol, and turpentine are non-condensable gases generated during cooking, black liquor 

handling, or causticizing. These gases are inflammable, explosive, and strongly odorous 

compounds. 
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In CNCG the sulfur compound concentrations exceed the upper explosive limit (UEL). 

CNCG, unlike DNCG, can burn if enough oxygen is available and the concentration of 

CNCG is below the upper explosive limit. CNCG are taken straight to incineration after 

collecting. CNCG is mostly produced in the evaporation, foul condensate stripping, metha-

nol plant, firing liquor tank, and heavy liquor tank, but it can also be produced in the cooking 

plant. CNCG are odorous, poisonous, and inflammable. By removing air leaks and ignition 

sources from the system, the chances of an explosion can be reduced. TRS compounds and 

especially turpentine can be explosive over a wide range of concentrations. 

 

DNCG includes the same components as CNCG, however there is enough leakage air in 

DNCG to keep the concentration below the explosion limit. These gases are produced as a 

by-product from pulp cooking. Recovery boilers DNCG sources can include dissolving tank 

vent gases (DTVG), ash dump tank vent gases, ash mixing tank vent gases, and the potas-

sium and chlorine removal system. These gases contain inorganic dust, ammonia, and odor-

ous sulfur compounds with a concentration that stays below the lower explosion level (LEL). 

This low concentration is achieved by diluting the odorous gases prior to combustion so that 

they do not combine with air to generate flammable or explosive combinations. 

 

Wood and the white liquor used in kraft pulping are the main sources of nitrogen in black 

liquor. Nitrogen dissolves in black liquor during pulping, while ammonia and other organic 

nitrogen molecules decompose. Ammonia is removed from the condensates during black 

liquor evaporation. Nitrogen in the black liquor entering the recovery boiler is converted to 

gaseous N2, NO and cyanite OCN-. During devolatilization, approximately 60% of the ni-

trogen in black liquor is released, with the rest remaining in the char. The nitrogen emitted 

is mostly in the form of ammonia. 

 

The outer layers of sapwood contain the most nitrogen, and the maximum nitrogen content 

is seen in bark and the cambium between the inner bark and the wood. In mature stemwood, 

all major tree species have similar low levels of nitrogen, and the nitrogen content of Nordic 

tree species in stemwood typically ranges from 0.05 to 0.15 %. Different applied analytical 

methods used, different geographical locations, different soil types, potential fertilization, 
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age of wood, specific sampling point in wood, and purity of the samples have all been doc-

umented to cause variances in the results. 

1.2 Objectives and research questions 

There is not much knowledge or data gathered on the ammonia formation on the pulp mill, 

so the objective for this thesis was to collect already completed ammonia measurements to 

get a better understanding on the overall NCG flows and the ammonia concentration in them 

as well as the key elements, that have effects to ammonia formation. This is an important 

research area, because vent gases, beside flue gases and condensates, are the only streams 

that transport nitrogen out from pulping process. 

 

The flow rates, temperatures, TRS concentrations and ammonia concentrations were hoped 

to be found as well as the production amount and pulp type for the pulp mill. The following 

questions were hoped to be answered:  

- How much NCG are formed at a pulp mill on a department level? 

- Where does the nitrogen come from, where it leaves and what affects the amounts? 

- Is it possible to predict the nitrogen and ammonia flows? 

1.3 Structure of the thesis 

In the theoretical part of the thesis the departments that form non-condensable gases or am-

monia emissions are introduced through literature. Effluent treatment is also introduced 

since ammonia is used in the processes as a nutrient. The non-condensable gases and non- 

condensable gas systems are introduced. Ammonia and nitrogen in pulping are also dis-

cussed.  

 

For the practical part reports that included ammonia measurements were gathered. In the 

practical part data of NCG formation, TRS emissions and ammonia emissions from different 

departments were collected from a total of 22 pulp mills. Pulp type and pulp production 

capacities were determined as well as the main departments, that produce ammonia rich 

NCG. After data-analysis results were also evaluated and possible reasons from received 

results are discussed. Recommendations for evaluating streams are also given. 
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2 GENERAL OVERVIEW OF CHEMICAL PULP MILL 

Pulping represents the process in which wood or other lignocellulosic material is reduced to 

a fibrous mass, called pulp. This process of defibration can be achieved mechanically, chem-

ically, or by combination of both. The matching commercial processes are called mechani-

cal, chemical, and semi-chemical. The pulping process used affects the properties of the 

pulp, which leads to pulps produced in different ways being suitable for specific products. 

(Sixta, 2006) 

 

Globally pulps are producer mainly by chemical pulping processes. In chemical pulping, 

lignin degrades and dissolves through chemical reactions. When 90% of the lignin has been 

removed, the fibers can be separated without further mechanical defibration. In the removal 

of lignin significant parts of the hemicelluloses and part of cellulose are also decomposed. 

The total fiber yield depends on the wood source and the pulping process used, ranging from 

45 to 55%. Chemical reactions need to be stopped when the lignin content has lowered 

enough for fiber separation and where acceptable yield can still be attained. Large yield 

losses will occur if cooking is continued beyond a certain extend of delignification. Further 

delignification can be achieved by bleaching processes downstream of the digester.  

 

The main commercial chemical pulping techniques include the sulfate or kraft, the acid sul-

fite, and the soda processes. Kraft pulping is currently the main cooking process, accounting 

for 89% of the chemical pulps and for over 62% of all virgin fiber material. Sulfite process 

accounts only 5,3% of the world chemical pulp production and the soda process is used 

mainly for the pulping of annual plants and in combination with small amounts of anthra-

quinone.  

 

Figure 2 shows a general overview of the pulp mill including all the departments, that will 

be covered in this chapter.  
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Figure 2. General overview of the pulp mill. (Andritz) 

 

There are two main types of pulp mills, first one being integrated mills that produce and 

consume pulp on site. The second type is a stand-alone mill where pulp is produced for 

delivery to another consumer.  

2.1 Pulp line 

2.1.1 Wood processing 

Wood handling plants include all wood raw material handling and storage functions between 

the mill gate and the digester plant, including handling of bark. The modern pulp-wood han-

dling plants operate with high efficiency because they are equipped with programmable logic 

controller (PLC), computer control, and monitoring systems. (Fardim, 2011) 

 

Pulpwood normally comes to the mill with bark. Wood can be transported to the mill by 

truck or train and is measured on the transport vehicle or when unloading the vehicle by 

weight and/or volume. The most common measurements are weight and the moisture content 

of wood. The arriving wood can go either directly to process or to storage. The storage time 

should be as short as possible, and a normal storage equals 2 to 7 days’ production. 

 

The choice of equipment in a wood processing plant depends on the wood transport method, 

tree species, length, diameter, and bundle size. When designing a wood processing plant 
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each stage influences the design of the previous stage. The wood can be fed into the process 

in two different ways: in bundles or log by log. Deicing might be also required.  

  

All pulping processes require debarking of wood since bark contains only a few useful fibers 

and consumes chemicals in bleaching and cooking processes. Bark can also cause litteriness 

in the final product. Softwood bark accounts for 12-15 % of the wood material and hardwood 

accounts for around 15%. The wanted quality of the final product determines how carefully 

the bark needs to be removed. Bark comes off easily from wet and fresh wood, so long 

storage times on the ground should be avoided. (Seppälä et al., 2002) 

 

Regardless of the species, the wood is debarked with equipment to which large quantities of 

wood are fed by continuous feeding. Usually debarking happens in a drum where the wood 

rubs against each other and against the drum wall detaching the bark from the wood. De-

barking in the drum can be done dry, with water, or with a combination of both, in which 

case water is added to the beginning of the drum and the end part works dry.  

 

The diameter of the drum and the size of the wood determines how the wood goes through 

the drum. If the wood is shorter than the drum diameter the wood travels through the drum 

in a tumble. If the wood is longer than the diameter, the wood goes through in parallel. In 

Nordic countries parallel debarking is not as developed as tumble debarking. Individual de-

barking with a ring debarker is an alternative if the wood supplied to the pulp mill consists 

of tree-length logs or if all diameters are large. In a king debarking drum the logs are fed 

onto the outside surface of the drum and the barking plates are fitted on the drum shell. 

Hydraulic debarking is used for debarking large-diameter logs and units can achieve high 

capacities. This debarking technique is used in North America, Australia, and New Zealand.  

 

As for the bark handling, the left-over bark cannot be used for pulping, so the bark and other 

wastes are collected and used as hog fuel. The only significant way to utilize the bark is to 

burn it in a steam boiler, recovering the energy bound to it. The main processing steps for 

bark are dewatering, screening, shedding, pressing, storage, and transport of bark. (Vakki-

lainen et al., 2020) 
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In the production of pulp, wood chipping is necessary to break up the wood into such small 

pieces so the cooking solution can be absorbed into the wood at every point and react with 

the lignin in the wood. This creates the conditions for cooking that ensure that the fibers 

separate and are suitable as a raw material to produce paper and board. 

 

After chipping the wood chips are screened. The aim of chip screening is to guarantee uni-

form chip size for cooking. In chip screening, the chip stream from chipping is divided ac-

cording to the size, where too long chips are rechipped and returned to the screening, too 

thick chips are led to get flattered, and acceptable sized chips are led to cooking. Thickness 

screening is a popular technique in modern mills, since the thickness of the chips has a large 

influence on cooking results. Screening will not produce better chips, but it does remove 

particles that are unsuitable for processing.  

 

After screening the chips go to storage. The chip storage capacity can vary usually between 

5-10 days’ production and with modern mills the storage capacity can be only 2-3 days’ 

production. Chip storage acts as a buffer between the debarking and the pulping process and 

it should operate independently with the first-in-first-out principle. Operation with minimum 

wood losses, low power consumption, easy maintenance, minimal need for operator super-

vision, high level of automation and good control of any disturbances is important. The chip 

storage should also have reservation for extension.  

 

The most common types of chip storages are the chip silo and the outdoor chip storages that 

are equipped with stackers or chain reclaimers. The chip silo is usually built with concrete 

or steal and is equipped with mechanical or pneumatic filling devices. Chip silo can ensure 

that different types of chips remain separate and is the best option when many tree species 

are in use and only a few days’ storage time is necessary. Outdoor storages have lost popu-

larity due to them not allowing homogenization of chips, the limited reclaiming area, and 

constant movement of the bucket loader on top of the storage that increases the number of 

fines and pins. With current information on wood chip storage situations with high temper-

atures and burning in the interior of the chip pile can easily be avoided.  
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The chip storing and transport need to be economical and environmentally friendly. This 

gives an important role to the transport capacity and distance, the ease of equipment mainte-

nance, the power demand, and the suitability and flexibility of the storage system. Usually 

belt conveyors are used to transport the chips from wood room to storage. If chips need to 

be elevated, vertical screws are used up to 10-meter distances. When the distance is longer, 

belt elevators are used. Conveying systems are also used and even pneumatic transport is 

possible, but it requires much more power than the other options. For chip transport to di-

gester the equipment is the same, but the layout needs to be considered, when selecting the 

equipment.  

 

When handling purchased chips the best way of receiving them is to empty the vehicles into 

a dumping pit. For railway wagons the best method is usually to empty them into a pit that 

is below ground level. For self-unloading trucks the pit can be under the road. Railway wag-

ons and trucks can also use the same pit. The chips are then moved from the receiving pit to 

the storage by normal conveyors, such as those described above. Purchased chips are usually 

stored separately.  

2.1.2 Cooking 

In chemical pulping, the purpose of cooking is to remove fiber-binding lignin with the help 

of chemicals and heat to the extent that the chips fiberize easily. The aim is to keep the 

cellulosic fibers as long, intact and strong as possible. In addition, efforts are made to remove 

wood extractants that can cause foaming and precipitation later in the process. Today, sulfate 

pulping is by far the most common form of pulping. (KnowPulp - Keitto - tiivistelmä, 2021) 

 

Chemicals that dissolve as much lignin as possible and as little cellulose as possible are used 

as cooking chemicals. The active chemicals in kraft or sulfate pulping are the hydroxide and 

hydrogen sulfide ions, OH– and HS–. In sulphate cooking, white liquor, a mixture of sodium 

hydroxide (NaOH) and sodium sulfide (Na2S), is used as the cooking chemical. Sodium 

hydroxide acts as a lignin-cleaving chemical, and sodium sulfide speeds up cooking reac-

tions and reduces the dissolution of cellulose caused by sodium hydroxide. The cooking 

temperatures in sulphate cooking are usually from 150 to 170 °C. (Sixta, 2006) 
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Lignin causes the brown color of the mass after cooking. Bleaching chemicals are much 

more expensive than cooking chemicals, so the aim is to remove the lignin already in the 

cooking phase. However, if too much lignin is removed during the cooking it increases the 

dissolution of the cellulose and thus lowers the strength and yield of the pulp. The control-

lability of the cooking and its smoothness are a requirement for the success of the next pro-

cess steps. The disruptions in cooking are still reflected in other departments and cause e.g. 

variations in strength and brightness, changes in grindability, and post-yellowing.  

 

There is no cooking process in mechanical pulping, instead the wood material is defibered 

by mechanically stressing the wood and introducing heat into it. The energy introduced into 

the wood is also converted into heat which makes it possible to separate the fibers by me-

chanical work.  

 

Sulfate cooking processes can be divided into two main categories: batch cooking and con-

tinuous cooking. In batch cooking, the pulp cooking takes place step by step in several di-

gesters. Batch cooking can be further divided into two categories: conventional batch cook-

ing and displacement batch cooking. In conventional batch cooking chemicals in white liq-

uor and recycled black liquor are fed to the digester in the beginning of delignification. The 

digester content takes heat from direct steam or from a heat exchanger and when the wanted 

degree of delignification is reached, the digester contents are blown hot to a blow tank, and 

the cycle is repeated. In displacement batch cooking heat and residual chemicals remaining 

in the black liquor after cooking are captured for reuse in later batch cooks. In continuous 

cooking, wood chips and chemicals are continuously fed to the upper end of the digester and the 

pulp is removed from the lower end. The cooker is divided into zones where the different stages 

of cooking take place. (Vakkilainen et al., 2020) 

 

There are several variations in both batch and continuous cooking, usually based on changes 

during cooking. By changing the reaction conditions, it is possible to improve the quality of 

the pulp and to reduce energy consumption.  

 

The advantages of batch cooking include good pulp properties, good cooking yield and low 

steam consumption. The batch process is flexible and easy to operate and many process 
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parameters can be easily adjusted to respond to for example changes in raw material proper-

ties. Batch cooking process is also easy to simulate on a laboratory scale to find the best 

possible process conditions. All unit operations are simple and the same cooking conditions 

can be preserved at different production rates. There are not many moving parts or equipment 

and some equipment can even be taken out of operation for maintenance while the remaining 

equipment operates at full capacity.  

 

When comparing modified batch cooking to the conventional batch cooking the main disad-

vantage is the large amount of space needed for the tank farm. There are also more instru-

ments in modified batch cooking.  

 

The continuous cooking process gives several advantages over the batch process. A contin-

uous digester needs less reactor volume per unit of retention time and the full reactor volume 

can be used during the retention time, unlike in batch process with the fill and discharge 

cycles. The batch system uses many individual reactors while the continuous process uses a 

single, vertical vessel making the process considerably more space efficient. The flow ca-

pacity required for inlet streams and outlet streams is also lower for the continuous process. 

This means that the steady-state flow rate of reactants and final product is much lower than 

the discrete, “peak flow rates” necessary for rapid batch fill and batch discharge cycles. This 

leads to lower installed horsepower requirements, smaller feed and discharge equipment ca-

pacities and more stable operation.  

 

In addition, the specific design of continuous digesters lead to several other advantages com-

paring to batch cooking, for example lower process energy requirements, more efficient pro-

cess energy recovery, less problems in controlling environmental impacts, and the ability to 

accomplish an efficient first stage of brown stock washing within the reactor. The continuous 

digester also provides significant process flexibility since it allows the direction and flow of the 

liquor phase of the reaction mixture to be controlled independently.  

 

The disadvantages of the continuous digester compared to the batch digesters comes from the 

constant movement of the wood chips during impregnation and cooking with the continuous 

digesters. This leads to increased fiber damage and therefore reduced pulp strength properties. 

Using only one reactor also makes the process more sensitive to production stops.  
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2.1.3 Washing and screening 

The most common unit operation in a pulp mill fibre line is pulp washing. The goal in pulp 

washing is to obtain clean pulp that is free of unwanted solubles. There are a lot of benefits 

that can come from pulp washing, like minimizing the chemical loss from the cooking liquor 

cycle, maximizing recovery of organic substances that could be used for further processing 

or incineration. Washing can also reduce the environmental impact of fiberline operations 

and limit the carry-over between progress stages. (Sixta, 2006, s. 511) 

 

Pulp washing operations can be found after cooking in brownstock washing and after oxygen 

delignification to recover black liquor and to remove dissolved impurities. A wide range of 

pulp washing equipment exist and each device has different mechanical construction and 

washing principle. Differences occur in the inlet, outlet and in washing consistencies. The 

washing demands depend on the end products requirements. When designing and sizing a 

washing capacity, there needs to be a certain washing efficiency requirement met. The wash-

ing efficiency is different for example for hardwood and for softwood. 

 

The washing technologies include atmospheric diffuser, pressure diffuser, belt washers (very 

rare nowadays), vacuum filters, pressure filters, wash presses, and presses.  

2.1.4 Oxygen delignification 

Oxygen delignification is a delignification technique that has become quite important due to 

its environmental benign. There are many benefits in oxygen delignification, including a 

lower demand for bleaching chemicals in later stages of bleaching, a higher yield, and the 

possibility to recycle the liquid effluents. (Sixta, 2006) 

 

Oxygen delignification can provide an economic benefit, since the cost of using oxygen is 

about one-eight that of using chlorine dioxides. This is because around 5 kg of oxygen can 

replace approximately 3 kg of chlorine dioxide. Oxygen is also cheaper than chlorine diox-

ides.  

 

The biggest disadvantage in using oxygen delignification is the much lower selectivity of 

oxygen-alkali bleaching compared to chlorine-based pre-bleaching sequences. The lack of 
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selectivity for delignification especially over 50% results in cellulose damage leading to de-

crease in viscosity and in loss of pulp strength.  

2.1.5 Bleaching 

In the cooking of sulphate pulp more than 90% of the lignin is dissolved. However, the 

cooking chemicals react with lignin and stain it dark brown, leading to the brightness of the 

wood material decreasing. After cooking, coniferous wood contains 3 to 4.5% and hardwood 

2 to 3% of lignin. Most of the color of the pulp at this point comes from this residual lignin 

and it is difficult to remove. (KnowPulp – Valkaisu – Yleistä)  

 

The primary purpose of bleaching is to improve the brightness of the pulp which means 

removing or bleaching the colored substances in the pulp. The aim of the bleaching process 

is to obtain pulp with the desired and stable brightness, increase purity, and decrease resin 

content. Depending on the end use the final brightness of bleached pulps is typically between 

88 and 91% ISO. (Fardim, 2011) 

 

Chemical pulps are usually bleached with lignin-removing bleaching and mechanical pulps 

with lignin-saving bleaching. With lignin-removing bleaching the brightness lasts much bet-

ter and post-yellowing happens much less.  

 

There are several factors that need to be considered in the bleaching, like the required pulp 

properties, production costs, local environmental regulations, and customers’ requirements 

as well as health and safety aspects. When high purity of the pulp is desired the bleaching 

process needs to not only remove the lignin, but also eliminate the remaining extractives and 

hemicelluloses. Removal of the extractives and hemicelluloses can help to control the vis-

cosity of the pulp.  

 

The target brightness cannot be achieved with one bleaching step without compromises in 

the strength properties of the pulp, so several bleaching stages in sequence are needed. To-

day, using a single stage to bleach a pulp completely is impossible, since some of the bleach-

ing chemicals are rather selective and the chemicals can be consumed by the by-products of 

their reaction with the pulp components. Therefore, the pulp is bleached in several stages, 
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between which the pulp is washed. Washing is an important part of the process, since it 

dissolves organic material that could consume bleaching chemicals in the later stages. Wash-

ing also removes residual chemicals that could interfere with other bleaching chemicals and 

it can also help with adjusting the pH. Alkaline or acidic steps alone do not achieve the target 

brightness, which is why both are always used. Multi-stage bleaching gives the best qualita-

tive and economic result.  

 

Chemicals that are more selective than the chemicals used in the previous phases are used 

for bleaching. These chemicals can cleave residual lignin into small water- or alkali-soluble 

portions with minimal impact on carbohydrates, meaning the yield and strength. The bleach-

ing stages use oxidative chemicals, like chlorine dioxide, oxygen, hydrogen peroxide, ozone 

and peracetic acid, with different temperatures, retention times, consistencies, and pressures. 

Each chemical has a different impact on lignin and from these ozone and chlorine are the 

most powerful bleaching agents.  

 

Some of the cons of bleaching includes the fact that bleaching chemicals in some cases in-

fluence cellulose and hemicelluloses as well, which affects the strength properties and 

brightness stability of the pulp. Typically, the bleaching stages are characterized by their 

selectivity which is defined by the decline in lignin content versus the decline in cellulose 

viscosity. This is also called the kappa number.  

 

Unlike cooking chemicals, bleaching chemicals used cannot be recovered. For a bleached 

pulp mill bleaching chemicals represent a significant part of the production costs. 

2.1.6 Drying 

Pulp drying plays an important role when it comes to transportation. Wet pulp cannot be 

transported over long distances and if the pulp is not stored dry the pulp quality will suffer 

from biological and chemical activity. Therefore, the moisture content of pulp is reduced to 

about 10%. (Vakkilainen et al., 2020) 

 

In the drying section, water is evaporated from the pulp at a temperature below the boiling 

temperature of water. There are four different dewatering methods: suction mould machine, 
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Fourdrinier machine, Fourdrinier pick-up machine, and twin-wire machine. All of these are 

used in the wet end of the pulp drying machine, also known as the wire and press section. 

After these sections the pulp is dried with heat energy from outside. In the drying section 

dewatering happens through evaporation, which required a lot of energy. Three different 

drying methods are in use: airborne drying of a web, cylinder drying of a web, and flash 

drying of flakes and fibers.  

 

In web drying the web is formed and dewatered in the wet end of the pulp drying machine 

and then dried in an airborne dryer by convection or by contact drying in a cylinder dryer. 

In flash drying the pulp is pressed into a mat and the mat is torn into flakes in a pulper. These 

pulp flakes are defibered and fed into the flash dryer. In all drying methods the evaporated 

water is bound to the drying air. The drying air is heated with exhaust air and afterwards the 

exhaust air can be used for heating process water or the buildings. (Fardim, 2011) 

 

Drying influences the pulp quality. The differences in dried and defibrated pulp from undried 

pulp affect the properties of the final paper product and may cause changes in the paper 

manufacturing process. Dewatering, heat treatment and oxidation affect pulp properties. 

When comparing the fibres of dried, defibrated and unrefined pulp to never-dried pulp, the 

first pulp it stiff, the paper made from this pulp has a low density, and the bonds between 

fibres are weak. Refining can remove drying tensions. The dried and refined pulp has higher 

bulk, it dries faster on the paper machine, and it causes less paper curls.  

2.2 Chemical recovery 

The chemical recovery process has an important role in the economy of pulp manufacture. 

The main objectives of chemical recovery are to recover the chemicals used in the cooking 

and other fibrous materials that are used for pulp production and to recover and use the 

thermal energy from combustion of the organics. The black liquor contains materials dis-

solved from the wood and the spend chemicals, so it is washed from the pulp, concentrated 

in the evaporator plant, and burned in the recovery furnace. (Hough, 1985) 

 

The main unit operations of the kraft recovery process is evaporation of black liquor, com-

bustion of black liquor to form sodium sulfide and sodium carbonate in a recovery furnace, 
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causticizing sodium carbonate to sodium hydroxide, and regeneration of lime mud in a lime 

kiln. There are also other minor operations that take place to secure continuous operation in 

the recovery cycle. These could include the removal of soap in black liquor, adding make-

up chemicals, removing recovery boiler fly ash, disposal of dregs and grits, combustion of 

processes odorous gases or in most modern mills’ chlorine and potassium removal processes. 

(Tikka, 2008) 

 

There are losses in the cycle which makes it necessary to add makeup chemicals. Makeup 

chemicals can be salt cake (sodium sulfate), soda ash (sodium carbonate), caustic soda (so-

dium hydroxide) or spend chemicals containing any of the above chemicals as well as so-

dium sulfide. Depending on the chemical these could be added in the recovery boiler to the 

black liquor, in slaker to the green liquor, or to white liquor.  

2.2.1 Evaporation 

In washing pulp and black liquor is separated. The weak black liquor that comes from wash-

ing contains 12-20 % of organic and inorganic solids. Burning this liquor would require more 

energy than it would produce, so it is necessary to concentrate the black liquor to gain better 

efficient energy recovery. (Tikka, 2008) 

 

The goal of evaporation is to produce black liquor of sufficiently high concentration with 

minimum chemical losses. The three principal unit operations for evaporation are: separation 

of water from black liquor to generate concentrated black liquor and condensate, processing 

of condensate to segregate clean and fouled condensate fractions, and separation of soap 

from black liquor.  

 

Evaporation removes most of the water from the weak liquor, which raises the dry solids 

concentration in the black liquor. Depending on the process that is used, the final solids 

concentration in thick liquor from kraft pulping ranges from 65% to 80%, but even 85% can 

be achieved. From sulfite pulping the range on thick liquor concentration ranges between 

50-65% dry solids. To evaporate water from the black liquor, either steam or electrical power 

could be used. The most inexpensive solution is usually multi-effect evaporation with steam 

as the energy source since there is usually enough low-pressure steam available in the pulp 
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mill. (Sixta, 2006) Multiple-effect evaporation contains several heat exchangers connected 

in series. (Vakkilainen et al., 2020) 

2.2.2 Recovery boiler 

The recovery boiler is simply a steam generator that uses black liquor as a fuel. The recovery 

boiler converts the combustible materials extracted from the wood into usable steam energy, 

recovers the inorganics from the black liquor, and reduces sulfur compounds to sulfides. In 

recovery boiler the organic portion of concentrated black liquor is combusted to produce 

heat, which then produces high-pressure steam that generates energy and low-pressure steam 

for process use. Combustion requires careful control and optimum process conditions since 

the high concentration of sulphur can lead to sulphur dioxide and sulphur gas emissions. 

(Tikka, 2008) The recovery boiler is shown in Figure 3. 

 

 

Figure 3. Side view of a recovery boiler. (Sixta, 2006) 

 

Black liquor is first preheated and then injected into the furnace through several nozzles 

which forms droplets that dry very quickly, ignite and burn forming char. When these 
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particles reach the char bed on top of the smelt, carbon reduces the sulfate to sulfide, forming 

carbon monoxide and carbon dioxide gases. The inorganic black liquor finally forms a smelt 

in the bottom of the furnace that leaves the furnace through several smelt spouts. This smelt 

consists mainly of sodium carbonate and sodium sulfide. 

 

Air enters the recovery boiler from three or four levels. The primary and secondary air is 

pre-heated with steam and the oxygen provided from these levels creates a reducing envi-

ronment in the lowest furnace section. This will provoke the formation of sodium sulfide. 

The tertiary air finalizes the oxidation of gaseous reaction products. Hot flue gases flow 

through superheaters, boiler bank and economizers where the temperature continues to de-

cline to about 180 °C. After leaving the boiler flue gases still carry a significant amount of 

fly ash, which is why electrostatic precipitator is necessary. After this the flue gases are 

blown into the stack.  

 

Feed water is heated close to the boiling point in the economizers. After this the feed water 

enters the boiler drum and flows by gravity into downcomers supplying the furnace mem-

brane walls and the boiler bank. The evaporation happens mostly on the furnace walls and 

as the water turns to steam, the water/steam mixture goes to the steam drum where the two 

phases are separated.  Saturated steam continues to the superheaters where it is heated up to 

480-500 °C at a pressure of 70-100 bar. This high-pressure steam enters to a steam turbine 

where electrical power and process steam at medium- and low-pressure levels are produced. 

Excess steam continues to the condensing part of the turbine. 

2.2.3 Causticizing and lime reburning 

The aim of causticizing and lime reburning operations is to efficiently convert sodium car-

bonate from the smelt to sodium hydroxide that is needed for cooking. Preparation of white 

liquor is done in the cooking cycle and it is accompanied by a separate chemical loop called 

the lime cycle. Together, these two cycles form all the chemical reactions needed to convert 

sodium carbonate in the green liquor to sodium hydroxide in the white liquor. Main unit 

operations of causticizing and lime reburning in kraft chemical recovery cycle are shown in 

Figure 4. (Sixta, 2006, s. 986) 
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Figure 4. Main unit operations of causticizing and lime reburning in kraft chemical recovery cycle. (Sixta, 

2006) 

 

The process starts with the smelt from the recovery boiler dropping into the smelt dissolving 

tanks and becoming dissolved in weak wash, forming green liquor. The smelt has impurities 

that need to be removed by clarification or filtration of the green liquor. After that comes 

slaking, causticizing and white liquor filtration. After the separation from white liquor, the 

lime is washed and reburned for re-use in causticizing.  

 

The purpose of a lime kiln is to calcinate lime mud to reactive lime (CaO) by drying and 

then heating. The process of calcining can use either a rotary furnace or a fluidized bed 

reactor. Lime kilns main unit processes are drying of the lime mud and calcining of calcium 

carbonate. Additional operations include combusting small amounts of odorous non-con-

densable gases, dust capture from the lime kiln process or flue gas scrubbers, if there is a 

large amount of oxidized sulphur gases. (Tikka, 2008) 

 

The aim of causticizing plant is to produce white liquor with the highest possible concentra-

tion of active cooking chemicals and the lowest possible concentration of foreign substances 

for the process. The caustic plant plays an important role in the removal of foreign substances 
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due to increased environmental requirements. These substances include for example alumi-

num, calcium, magnesium, manganese, and silicate. (Seppälä et al., 2002) 

2.3 Wastewater treatment 

The wastewater treatment facility is set up to treat the effluents biologically. There is a lot 

of organic materials in the wastewater and it is important to treat the wastewater before it 

can be returned to the water cycle in order to meet the recommended effluent quality stand-

ards. Major contaminants are removed from the effluent at this treatment facility.  

 

Although biological treatment of effluent efficiently decreases contaminants, the resulting 

sludge is difficult to dewater. Local conditions have a big impact on the outcomes, which 

makes giving general recommendations for separate treatment of effluent streams challeng-

ing. The substances that need to be removed from wood room effluent are mostly linked to 

fine particulate matter. Mechanical separation techniques can be used as a supplement or 

replacement for biological treatment. 

 

Flow measurement, mechanical separation, solids collection, and neutralization are all part 

of the wastewater pretreatment process. The objective of pretreatment is to preserve the 

treatment plant's equipment from wear and clogging among other things. In mechanical sep-

aration, wastewater is passed through narrow openings, leaving the harshest contaminants, 

such as leaves, trapped in the separators. (Hammel et al. 2004) 

 

Solids like sand and heavier particles can have a far higher velocity or density in water than 

organic materials. These particles can be collected in separate chambers where the velocity 

of the particles is increased by a vortex, whereby the particles finally settle to the bottom in 

the middle of the chamber and allow the organic matter to continue its journey. The particles 

can be pushed out of the bottom of the chamber for disposal. Removal of large particles is 

important in wastewater pretreatment because large particles can cause wear in sludge 

pumps, clog pipes, and they also accumulate in sludge tanks. Solids or liquid particles can 

also be removed from the water by gravity or centrifugal force. (Hammel M et al. 2004, 

Karttunen 1998) 
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The goal of neutralization is to guarantee that the pH of the effluent to be treated is within 

the acceptable range for the subsequent treatment, which is usually pH 6-8. However, the 

pH of the water must be close to neutral when entering the water system. If the wastewater 

entering the treatment facility is alkaline, sulfuric acid is added to the water; if the wastewater 

is acidic, lime is added to the water. Corrosion is also prevented by neutralization.  

 

In aeration lagoon the biological treatment of wastewater is done by bacteria. The purpose 

of aeration is to convert biodegradable substances to an acceptable form, to incorporate fine 

particles into biological flakes, to remove nutrients from water, and to reduce the levels of 

organic and inorganic compounds in water. The bacteria also bind phosphorus and nitrogen 

as part of the purifying process. (Tchobanoglous et al. 2003, p. 548) 

 

The amount of oxygen required for aeration can be produced by aerators. The purpose of 

aerators is to change the amount of gases dissolved in water by increasing the amount of 

oxygen in the water. Aeration can also involve chemical reactions that can reduce the amount 

of some gases, such as carbon dioxide, in the water. Spraying and draining methods as well 

as mechanical and diffusion aerators are the most common methods for bringing air into 

contact with the water. In mechanical aerators, the surface of the water is mechanically bro-

ken and in diffusion aerators small air bubbles are led into the water.  
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3 NON-CONDENSABLE GASES AND NON-CONDENSABLE GAS 

SYSTEMS  

3.1 Non-condensable gases 

The chemical pulping process produces odorous gases that come from the cooking chemicals 

and from the wood used as a raw material. When referring to sulfur-containing odorous 

gases, the abbreviation TRS (Total Reduced Sulphur) is used and components derived from 

wood are abbreviated as VOC (Volatile Organic Compounds). The most significant VOCs 

are methanol and turpentine. (Munukka and Munukka, 2017) For this work, odorous gases 

are divided into five categories: dilute non-condensable gases (DNCG), concentrated non-

condensable gases (CNCG), dissolving and mixing tank vent gases, liquid methanol, and 

liquid turpentine.  

 

Non-condensable gases released during cooking, black liquor handling or causticizing in-

clude hydrogen sulfide (H2S), methyl mercaptan (CH3SH), dimethyl sulfide ((CH3)2S) and 

dimethyl disulfide ((CH3)2S2), methanol, and turpentine. These gases are inflammable, ex-

plosive, and strongly odorous compounds. Hydrogen sulfide is a carrier for odorous sulfur 

compounds and other odorous sulfur compounds are its derivatives. In methyl mercaptan is 

the other hydrogen atom of hydrogen sulfide has been replaced by a methyl group (CH3), 

whereas in dimethyl disulfide both hydrogen sulfides have been replaced by a methyl group. 

Dimethyl disulfide is a compound in which one sulfur atom has attached to dimethyl sulfide. 

Methanol and turpentine are not odorous on their own, but in pulp mills they contain impu-

rities in the form of odorous components. (Munukka et al., 2017, Finnish Recovery Boiler 

Committee, 2014) 

 

The most important odorous sulfur compound in the sulphate pulp industry is hydrogen sul-

fide (H2S). The source of hydrogen sulfides is sodium sulfide from the cooking liquid and 

white liquor. Sodium sulfide transforms to hydrogen sulfide in the cooking and the lower 

the pH the stronger the hydrogen sulfide formation.  
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There are several streams that contain water vapour and air that come from pulp mills that 

are not included in non-condensable gases. The following are some examples of streams that 

are not deemed collectable due of their low sulphur content:  

- ventilation air from buildings 

- moist water vapour from pulp or paper machines 

- moist air from cooling towers 

- water vapour from the surface of effluent treatment ponds 

- ventilation from drains 

- vapour from vacuum pumps (Suhr et al. 2015, p. 244) 

3.1.1 CNCG and SOG 

In concentrated non-condensable gases, the concentrations of sulfur compounds exceed the 

upper explosive limit (UEL). According to one definition, the total content of TRS com-

pounds in CNCG is over 100 000 ppm which equals to over 10%. CNCG can burn, but only 

if they have enough oxygen and their concentration is below the upper explosive level. After 

the collection CNCG are led directly to incineration. (Keskuslaboratorio Oy, 2000, Hovi-

korpi et al., 2019) 

 

CNCG are led to be incinerated in a separate incinerator, recovery boiler or, in the event of 

process start-up, shutdown and disturbance, directly to the outside air. CNCG originate 

mostly from the evaporation plant, foul condensate stripping, methanol plant, firing liquor 

tank and heavy liquor tank, but CNCG can also come from the cooking plant. (Munukka et 

al., 2017, Finnish Recovery Boiler Committee, 2014) 

 

CNCG are odorous, poisonous, and inflammable. In CNCG handling there is a risk of ex-

plosion because of the inflammable gaseous compounds that CNCG contain. The risk of 

explosion can be removed by eliminating air leaks into the system and sources of ignition 

energy. TRS compounds and especially turpentine can be explosive in a wide concentration 

range.  

 

Modern chemical pulp mills can produce 2-6 kg S/air dried metric ton. These values are 

usually higher when pulping of hardwood than softwood because of the different lignin 
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structures. The TRS composition in CNCG differ depending on sulfidity, black liquor stor-

age temperature, and storage time.  

 

Table 1 shows typical departmental amounts of CNCG collected from different sources in a 

chemical pulp mill. CNCG amounts may vary at different sources in time for process rea-

sons. 

 

Table 1. Typical amounts of CNCG collected in different departments. (Finnish Recovery Boiler Committee, 

2014) 

Department kg S/ADt m3n/ADt 

Batch cook blowing 0,4 - 0,8 5 - 15 

Batch cook gassing 0,1 - 0,2 1,0 - 3,0 

Continuous cooking 0,1 - 0,4 1,0 - 4,5 

Stripper 0,5 - 1,0 15 - 25 

Evaporation plant 0,4 - 0,8 1 - 10 

Methanol processing 0,5 - 1,0 1,0 - 2,0 

Black liquor heat treatment 2 - 3 1,5 - 3,0 

Concentrator 2 - 5 1,5 - 6,0 

 

 

CNCG also include SOG gases (Stripper Off-Gases) coming from the foul condensate strip-

per. These gases contain for example methanol, TRS compounds, different terpenes, other 

high molecular weight organic compounds, and steam in saturated steam conditions that 

could be hotter that other CNCG streams. Stripper off-gas is led directly to incineration or 

to a methanol liquification plant. If the mill does not have a methanol plant, these gases need 

to be handled by dedicated lines that are totally different from other CNCG or DNCG sys-

tems.  

3.1.2 DNCG and DTVG 

Dilute non-condensable gases (DNCG) contains the same components that CNCG, however 

DNCG contain lower amount of TRS compounds and also leakage air so that the total TRS 

concentration stays below the explosion limit. Dilute non-condensable gases are produced 

as a by-product from pulp cooking. (Munukka et al, 2017, Finnish Recovery Boiler Com-

mittee, 2014) 
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Recovery boilers DNCG sources can include dissolving tank vent gases (DTVG), ash dump 

tank vent gases, ash mixing tank vent gases, and the potassium and chlorine removal system. 

These gases contain inorganic dust, ammonia, and odorous sulfur compounds with a con-

centration that stays below the lower explosion level (LEL). This low concentration is 

achieved by diluting the odorous gases before combustion so that they do not form flamma-

ble or explosive mixtures with air. DNCG do not burn because they have such a low amount 

of combustible material in them. Usually these gases are first washed and condensed before 

being mixed with other DNCG.  (Keskuslaboratorio Oy, 2003, Hovikorpi et al., 2019) 

 

DNCG come from non-pressurised tanks and equipment in the fibre line, evaporation plant, 

tall oil cooking plant and causticizing plant. DNCG are usually mixed with the combustion 

air of the recovery boiler when the recovery boiler is on. When the recovery boiler is 

switched off, they are led to a separate torch where they are burned with a support fuel. 

Solutions where the gases are burned in a lime kiln also exist.  

 

Table 2 shows typical DNCG volumes and compositions. 

 

Table 2. Amount of DNCG collected from different departments in temperature of 40 C. (Finnish Recovery 

Boiler Committee, 2014) 

Department kg S/ADt m3n/ADt 

Vent gases from continuous cooking 0,1 - 0,5 100 - 400 

Vent gases from Superbatch cooking (evacuation air, 

vents from non-pressurised tanks) 0,1 - 0,5 150 - 300 

Washing plant vent gases 0,05 - 0,1 100 - 200 

Tall oil cooking plant vent gases 0,05 - 0,2 2 - 3 

Tank vent gases, evaporation plant (atmospheric pres-

sure tanks) 0,1 - 0,4 20 - 30 

Causticising plant-lime kiln area 0,01 - 0,1 5 - 10 

TOTAL 0,1 - 0,5 300 - 400 

 

 

Chip bin non-condensable gases (CBNCG) are also included in DNCG. Chip bin is a vessel 

that is used for pretreating wood chips before the wood chips enter the digester. The preheat-

ing can use either flash steam from the digester or live steam. CBNCG can contain sulfur 

compounds, turpentine, methanol, and other hydrocarbons generated from the pre-steaming 
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of the chips before entering the digester. These gases usually have a large amount of oxygen 

in them and exceed 100% LEL under upset chip bin operations. (BLRBAC, 2013) 

 

CBNCG is a separate gas stream and can’t be added to the DNCG steam. CBNCG play a 

really important role and can be one of the most significant NCG sources since CBNCG can 

jeopardize the systems safety. An evaluation of risk factors is necessary. There could also 

be turpentine present in CBNCG transport system to the recovery boiler that adds a level of 

complexity.  

3.1.3 Dissolving and mixing tank vent gases 

Dissolving tank vent gases (DTVG) are DNCGs that contain mainly air and water vapour. 

In addition to air and water vapor, the dissolving vent gases (DTVG) contain inorganic dust, 

ammonia, and odorous sulfur compounds. Vent gases are usually not considered non-con-

densable gases, but if the vent gases are led into the furnace of the recovery boiler, the han-

dling of these gases should follow the recommendations given for the handling of DNCG. 

Traditionally DTVG have been released through their own stack, but the new requirements 

for emission reductions have encouraged mills to burn these gases in recovery boilers. Mod-

ern mills burn DTVG and mixing tank vent gases in a recovery boiler. (Finnish Recovery 

Boiler Committee, 2014, Hovikorpi and Vakkilainen, 2019) 

 

The ash and black liquor mixing tank gases can be combined with DNCG or the dissolving 

tank vent gases. This collection system needs to be designed so that the gases are dilute under 

all conditions. 

 

Table 3 shows typical dissolving tank vent gas volumes and compositions. 
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Table 3. Dissolving tank vent gas volumes and compositions. (Rantanen, 1987) 

Vent gas volume from dissolving tank m3n/kgds 0,4 – 0,8 

Vent gas temperature from dissolving 

tank 
C 85 - 95 

Vent gas moisture content from dis-

solving tank 
vol-% 40 - 80 

Vent gas total particulates from dis-

solving tank 
mg/ m3n (dry) 

1000 – 

5000 

Vent gas TRS from dissolving tank mg/ m3n (dry) 150 - 700 

Vent gas total sulphur after scrubber kg S/Adt 0,01 - 0,1 

Vent gas total particulates after scrub-

ber 
mg/ m3n  100 -200 

Vent gas TRS after scrubber mg/ m3n 1 - 10 

 

3.1.4 Liquid methanol and turpentine 

Pure methanol is colorless, almost odorless, toxic, and combustible compound that can be 

found in gas or in liquid form. In sulfite pulp mills methanol is also contaminated by numer-

ous odorous compounds but can be easily separated from the gas mixtures in a scrubber due 

to methanol being soluble in water. (Finnish Recovery Boiler Committee, 2014) 

 

In pulp mills methanol is released from the black liquor in evaporator and ends up to foul 

condensate. Methanol is separated from the foul condensate in a stripping column. The strip-

per off-gas (SOG), which contains 30-35% methanol vapor, is passed either directly to the 

combustion or to a methanol column where the methanol is liquefied and pumped through 

the tank to the combustion. Methanol from SOG usually contains TRS, terpenes, and other 

contaminants that make it noxious. When liquefied, methanol can be stored in tanks before 

incineration.  

 

Pure turpentine is colorless and mildly odorous compound that can be found in gas or liquid 

forms.  Like methanol, turpentine is also contaminated by numerous odorous compounds in 

sulphate pulp mills.  The removal of turpentine from the NCG is especially important be-

cause of turpentines explosiveness in wide concentration range. The lowest explosion level 

(LEL) of turpentine is about 0,8%.  
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When collecting gases where turpentine vapour, also known as terpenes, may be present, 

high concentrations are limited by condensing the turbine compounds. Turpentine is sepa-

rated from the odorous gases in a scrubber by condensing with cold water. The scrubber is 

located downstream of the turpentine condenser in the odor gas line and the separated raw 

turpentine is stored in a turpentine tank.  

 

Softwood chip bins, foul condensate tanks, collection, and weak liquor tanks, if they are 

occasionally fed with condensate containing turpentine, are all terpene sources in NCG col-

lection. Condensed turpentine can vaporize with odorous gases from the surface of evapora-

tion tanks or ducts even during shutdown and start-up scenarios. A turpentine decanter can 

separate turpentine from the bottom condensate of methanol distillation in addition to NCG.  

 

Turpentine has a high enough market value to make selling it is more preferrable option over 

burning it. Turpentine can be used in traditional oil-painting mediums, varnishes and as a 

solvent, thinner or as a vehicle carrying the solid components. In kraft processes the turpen-

tine yield depends on the wood species, growth conditions of the wood, the storage method 

and storage time of the wood. Tree species that are rich in terpenes include most spruces, 

firs, and pines. Sometimes the sulfide levels can be too high, or the turpentine composition 

can have too poor quality which leads to incineration being the only available disposal op-

tion. (Vakkilainen et al., 2020, BLRBAC, 2013)  

3.2 Non-condensable gas systems 

Modern pulp mills are designed to be completely free from odorous gases and modern pulp 

mills basically do not emit any TRS from the pulping or recovery processes. Sometimes 

venting to the atmosphere can happen, but only as a last option during operating difficulties 

and equipment failures. (Hovikorpi et al., 2019) 

 

Thermal oxidation and absorption using scrubbing technology are the two primary ways 

used in kraft mills to reduce smell. TRS is thermally oxidized in two steps: first, non-con-

densable gases (NCG) are collected in various emission vents, and then odorous components 

in the NCG are combusted, converting them to non-odorous chemicals. (Suhr et al. 2015) 
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Non-condensable gas lines must be selected in accordance with the design standards and 

material selection recommendations, in addition to the typical pipe and duct design rules, 

because the gas lines include explosive, soluble, and corrosive substances. Odor gas lines 

must be able to withstand the mechanical, chemical, and thermal effects caused by the con-

tents and the environment including hot and cold conditions as well as vibration. The pipe-

line connection method must be appropriate for the chosen material. (Finnish Recovery 

Boiler Committee, 2014) 

3.3 CNCG and SOG systems 

Concentrated non-condensable gases are fuels with a low caloric value and their combustion 

system must comply with the recommendations and regulations for the combustion of ex-

plosive gases in terms of safety and logic. (Finnish Recovery Boiler Committee, 2014) 

 

Concentrated gases are collected and burned in a special burner as part of limekiln or the 

recovery boiler combustion system. If a dedicated burner is utilized, a scrubber is usually 

installed to reduce SO2 emissions. Although heat energy can be utilized, the NOx production 

is high. By optimizing combustion conditions, NOx emissions can be decreased by roughly 

70%. (Suhr et al. 2015) 

 

The advantage of burning the odorous gases in the lime kiln is that it eliminates the require-

ment for an additional furnace. Furthermore, the sulphur in the gas can be partially absorbed, 

lowering sulphur dioxide emissions. The S content of odorous gases, on the other hand, usu-

ally exceeds the absorption capacity of the lime kiln, resulting in a rise in SO2 emissions. An 

average of 15% of the fuel used in a lime kiln can be replaced by odorous gas.  

 

CNCG are collected with a totally closed system that ensures no air leakage and is piped to 

the incineration system. Commonly CNCG are burned in a recovery boiler with a separate 

CNCG burner. The possible temporal variations of the volume flows and sulfur content of 

concentrated non-condensable TRS flows need to be taken into consideration when design-

ing a CNCG system. (Hovikorpi et al., 2019) 
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The equipment for CNCG collection, treatment and thermal oxidation should be designed 

so that CNCG cannot enter the recovery boiler building area and condensate does not enter 

the recovery boiler. It should also be designed so that fire and explosion in equipment and 

pipe systems is prevented and the positive ignition of gases entering the furnace is provided. 

(BLRBAC, 2013) 

 

For the thermal oxidation of CNCG and SOG a dedicated burner should be used in the re-

covery boiler. The arrangement that will provide the most stable and safe firing of the gases 

is a burner that is equipped with an NFPA Class 1 continuous igniter and igniter flame scan-

ner. This arrangement does not depend on the heat from black liquor combustion and con-

siders the fact that there are not reliable ways of detecting a loss of black liquor flame to shut 

off the NCG flows to the recovery boiler. If the recovery boiler is used, it should be the 

primary control device since this way the effect of the non-condensable gases on the recov-

ery boiler sodium-sulfur balance will be constant.  

3.3.1 Collecting and transferring CNCG and SOG 

When designing the collecting and transferring of CNCG and SOG a thorough sampling of 

all components of the gases should be done in both normal operation and maximum rate in 

order to determine temperature, volumetric flow, moisture content and percentage UEL of 

each individual source. This data should then be used to determine the operating condition 

and characteristics of the combined CNCG and SOG streams in the recovery boiler. To get 

the best control and safety of the system a special attention should be given to the selection 

of the ejector and other control components. (BLRBAC, 2013) 

 

The SOG need to be handled separately from the CNCG due to the temperature and pressure 

difference and to avoid condensation of the SOG constituents in the collection system. It is 

also recommended that the SOG and CNCG systems do not share any common auxiliary 

systems because of the system pressure differentials that could cause one system discharging 

into the other one.  

 

There are two possible ways to handle the CNCG from the common collection point to the 

waste streams burner: vapor phase transfer system and conditioned gas transfer system. The 
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purpose for the vapor phase transfer system design is to ensure that condensates of the con-

densable components, like methanol, water or turpentine cannot collect and cause upsets to 

the waste streams burner system or to the recovery boiler. The conditioned gas transfer sys-

tem consists for the most part of the same components as the previous one, but in addition 

there is also a gas cooler/condenser and an indirect steam preheater with auxiliaries. The 

purpose of this system is to is to decrease the amount of water vapor and condensable gases 

and increase thermal efficiency. This is done by reducing the loss that happens because of 

the water vapour.  

 

SOG handling systems do not change the component concentration with the exception of a 

stripper system that condenses methanol and recovers it as a liquid. Sometimes foam can 

form in the condensate stripper, and the foam should not be allowed to enter the recovery 

furnace with SOG. The SOG piping should be heavily insulated to minimize condensation 

formation in the line.  

3.3.2 Thermal Oxidation of CNCG and SOG 

CNCG and SOG should be transported to the burner in independent lines and they should 

also be injected into the flame zone separately. The burners should be placed at or below the 

tertiary air level in the high heat zones. The CNCG and SOG burner or burners should have 

dedicated air systems. A continuous igniter should be used and to provide a safe ignition the 

igniter should have a large enough capacity. The burner should have a dedicated air system 

and the igniter can have a common air duct with the burner. For the combustion air the 

recovery boilers secondary or tertiary air fan can be used, but with a secondary air fan a 

booster fan might be necessary in order to guarantee the minimum air pressure to the burner. 

The burner should also have a flame safety system (BLRBAC, 2013) 

3.4 DNCG systems 

Because dilute non-condensable gases are largely made up of air and water vapour, they 

can't be used as a fuel. According to the Finnish Chemicals Act, DNCG are generally clas-

sified as harmful, which implies that the equipment purchases, engineering, installation, and 

operation need to be handled correspondingly. (Finnish Recovery Boiler Committee, 2014) 
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Some mills collect diluted gases and burn them in recovery boilers, lime kilns, or scrub them. 

The recovery boiler's functioning may be influenced by the weak gases burned in it, neces-

sitating boiler modification. The recovery boiler in some mills burns both diluted and con-

centrated odorous gases. (Suhr et al., 2015) 

 

Water must be kept out of the recovery boiler during the incineration of DNCG in order for 

it to operate safely. Before incineration, DNCG is cooled, transported by a fan, and then 

heated again to evaporate any droplets. Water does not accumulate in the odorous gas line 

and end up in the boiler since the NCG lines include a condensate drain.  

 

The thermal oxidation of DNCG happens in a recovery boiler where the gases can be intro-

duced with the suction of the forced draft fan, with an air duct either prior to or after the 

steam coil air heater, or through injection nozzles located in a suitable furnace air zone. The 

method of introduction should be based the gas concentration at the point of injection and 

the volume of DNCG. The pressure and temperature of DNCG injected to the furnace should 

match the conditions of the combustion air that DNCG replaces. Due to leakage in the equip-

ment or sight glass breakage it is possible to release this odorous gas into the boiler area, and 

the system design that uses direct injection through multiple dedicated nozzles will reduce 

the possibility of this kind of odorous gas release. (BLRBAC, 2013) 

 

There are numerous streams in pulp mills that contain mostly just water vapour and air and 

do not have an odor. These streams do not necessarily need to be collected, but each stream 

should be evaluated separately. Some of the streams that have a negligible sulfur content and 

do not need to be collected include for example ventilation air from buildings, moist water 

vapor from pulp or paper machines, moist air from cooling towers, and water vapor from 

effluent treatment ponds. (Hovikorpi and Vakkilainen, 2019) 

3.4.1 Collecting and transferring DNCG 

When designing collection and transferring of DNCG a thorough sampling of all compo-

nents of the gases should be done in both normal operation and maximum rate in order to 

determine temperature, volumetric flow, moisture content and percentage LEL of each 
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individual source. This data should then be used to determine the operating condition and 

characteristics of the combined DNCG stream in the recovery boiler. (BLRBAC, 2013) 

 

The same guidelines described in this chapter can also be used for chip bin noncombustible 

gas if the gas qualifies to be blended with DNCG. CBNCG can have a negative effect on the 

safety of a combined DNCG system and an evaluation of risk factors is necessary to deter-

mine if these gases can be blended with DNCG. The collection system should have a scrub-

ber or a cooler for removing water, particulate and green liquor droplets. 

 

The aim of a DNCG transfer system is to reduce the amount of condensate gases and water 

vapour in the gases. DNCG flow should be adjusted to prevent liquid condensate from en-

tering the furnace and/or to promoting corrosion. DNCG should not be mixed with combus-

tion or dilution air at a lower temperature than the DNCG since this could cause condensa-

tion. DNCG is cooled down and then reheated before injection into the recovery boilers air 

system or furnace. DNCG are transferred to the boiler area and into the air system by a fans 

or blowers.  

3.5 Dissolving tank vent gas systems at the recovery boiler 

Dissolving tank vent gases should be handled only through a dedicated system and not with 

other DNCGs for a few reasons. First of all, the DTVG are produced only when the boiler is 

online, unlike other DNCGs, so having an incorporated system for all DNCG would need a 

design that can handle a wide range of flow. The amount of DTVG is also very large, which 

brings more challenges for the incorporated design.  When keeping the dissolving tank steam 

separate from the other DNCG it is possible to use different furnace injection method for 

each stream. Lastly, DTVGs and DNCGs are covered by different environmental regula-

tions.  

 

Modern mills burn DTVG and mixing tank vent gases in a recovery boiler. These gases are 

drawn by a fan from the dissolving tank and condensed to reduce the moisture content and 

cool down the steam. A scrubber is also used to reduce the particulate matter. This cleaned 

gas can then be combined with the preheated secondary air and with other preheated DNCG 
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gases. A fan will then blow this mixture to the recovery boiler furnace. (Hovikorpi et al., 

2019) 

3.6 Methanol and turpentine incineration in the recovery boiler 

In addition to the recovery boiler, liquid methanol and turpentine can be burned in a lime 

kiln, in a separate incinerator for NCG, in a power boiler or in a flare. Liquid methanol and 

turpentine can be fired individually or as a mixture. When burning a mixture of these two, 

the higher calorific value of turpentine and the ability to rise to the surface of the tanks due 

to poor solubility must be taken into account. (Finnish Recovery Boiler Committee, 2014) 

 

Methanol can be combined with the black liquor stream to the recovery boiler. When doing 

this, methanol is added to black liquor after the point of final concentration in black liquor 

piping downstream of tankage including the salt cake mix tank. There needs to be sufficient 

mixing of these two substances. Indirect black liquor heaters might be necessary. Methanol 

cannot be added to the black liquor before the final concentration is reached, or the methanol 

content might build up. Generally, methanol should not be fed into a system that partially 

recirculates to a storage tank that is vented to atmosphere, but there are few exceptions to 

this requirement. (BLRBAC, 2013) 

 

In some cases, incineration of turpentine is the only possible disposal option. In these cases, 

turpentine can be added to black liquor piping downstream of tankage. Adding should hap-

pen far enough upstream so that the substances mix sufficiently.  
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4 NITROGEN AND AMMONIA IN PULPING 

The kraft chemical recovery cycle produces nitrogenous gas emissions in the form of NOx 

or NH3. Nitrogen enters the pulp mill with the wood and is removed from the wood in the 

form of nitrogen-containing organic compounds and ammonia during the pulping process. 

The organic nitrogen compounds and some of the ammonia leave the washing process with 

the black liquor. Up to two-thirds of the black liquor nitrogen is released during combustion 

with the pyrolysis gases and the remaining nitrogen is contained in the char matrix. The 

organic nitrogen compounds react to form cyanite (OCN-) during char burning. The cyanite 

in smelt can thermally decompose, be oxidized in the recovery boiler, or pass through the 

recovery boiler with the smelt. During the recovery cycle, the cyanite slowly reacts to gen-

erate ammonia. The ammonia produced is either discharged to the atmosphere or recovered 

in the recovery cycle's multiple gas and condensate streams. Depending on the mill, ammo-

nia is collected and burned in the recovery boiler, lime kiln, separate incinerator, or power 

boiler. (Demartini et al. 2004) 

 

The main source of nitrogen found in black liquor originates from the nitrogen present in the 

wood raw material, and only marginal amounts of nitrogen are derived from any process 

chemicals. Regardless of the raw material a significant amount of nitrogen is dissolved from 

the wood chips into the cooking liquor at early pulping stages. Only traces of nitrogen can 

be found in the pulps going to oxygen delignification and bleaching. The cooking conditions 

do not have a significant effect on the overall release of nitrogen from the wood. The dis-

solved kraft lignin always contains some nitrogen and the content is significantly higher in 

the beginning of the cook than in the final kraft lignin. (Niemelä, 2018) 

 

The highest amounts of nitrogen are found in the outer layers of sapwood and the highest 

nitrogen contents are clearly, found in bark and in cambium between the inner bark and 

wood. All major tree species contain equally low amounts of nitrogen in mature stemwood 

and the nitrogen content of Nordic tree species in stemwood usually varies from 0.05 - 

0.15%. Higher numbers have also been reported, and the variations can be caused for exam-

ple by different applied analytical methods used, different geographical locations, different 

soil types, potential fertilization, age of wood, specific sampling point in wood, and purity 

of the samples.  
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4.1 Nitrogen in black liquor evaporation and condensate handling 

Volatile nitrogen compounds like ammonia are transferred to the condensates in early evap-

oration stages. The highest ammonia concentrations are usually found in the foul conden-

sates. Some additional ammonia formation can also happen in the later evaporation stages. 

It is possible to increase the amount of nitrogen removal during evaporation by high-tem-

perature black liquor treatments, however for full mill-scale applications the required condi-

tions are probably too drastic. (Seppälä, 2018) 

 

Since volatile nitrogen compounds are stripped off from foul condensates, they are also 

found in rectified methanol, where ammonia is the dominating nitrogen compound and some 

amine-type nitrogen can also be found. Turpentines and crude tall oil can also have some 

nitrogen in them. Ammonia can be separated as a by-product from different streams, but so 

far globally this has been done in only one mill at Kotka.  

4.2 Nitrogen in black liquor combustion and white liquor preparation 

Recovery boilers offer the best option for the low NOx combustion of ammonia-containing 

streams like NCG, SOG, and rectified methanol streams. During combustion in the recovery 

boiler, the nitrogen coming in with black liquor will convert into gaseous N2, NO, and cya-

nite. The cyanate in the smelt slowly but completely converts into ammonia during green 

liquor handling and white liquor preparation. It is possible to control the combustion condi-

tions to increase nitrogen incorporation into smelt, which would offer opportunities to force 

more nitrogen as ammonia to different gaseous streams. Prior to combustion ammonia is 

possible to remove from SOG, methanol or vent gases. This ammonia could be used for 

example as a nutrient at the sludge plants or in selective catalytic reduction systems at re-

covery boilers. (Seppälä, 2018) 

 

Most of the ammonia returns to cooking with white liquor, but some is removed from green 

and white liquors with vent gases. Causticization lines ammonia emissions might correspond 

to one third of all nitrogen emissions from the recovery cycles. The addition of biosludge to 

black liquor increases its nitrogen content eventually resulting in more ammonia in the chem-

ical recovery cycle. The level of black liquor nitrogen could be affected by integration of 

lignin recovery processes at the mills.  
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4.3 Ammonia in pulping 

Ammonia is a volatile nitrogen that is released from black liquor in the early effects of black 

liquor evaporation. Pyrrole and other volatile organic nitrogen species can also be released 

during evaporation. These volatilized nitrogen species are eventually found mostly in meth-

anol and non-condensable gases. (DeMartini et al., 2013) 

 

About 60% of the nitrogen in black liquor is released during devolatilization and the remain-

ing part is in the char. The nitrogen released is primarily as ammonia, but some NO and N2 

is also formed. About 20-35% of the original black liquor nitrogen exits the recovery boiler 

with the smelt as the cyanate ion reacts to form ammonia in the recausticizing process. This 

reaction is slow and reacts during the chemical recovery cycle. Ammonia from the cyanate 

reaction is released in the vent gases of recausticizing and eventually vented in the digester 

blow gases or in black liquor evaporation. The path of nitrogen in black liquor combustion 

is shown in Figure 5.  

 

Figure 5. Path of nitrogen in black liquor combustion. (DeMartini et al., 2013) 
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5 NCG AND AMMONIA FORMATION AT PULP MILL 

For the measured NCG flows flow rates, temperatures, TRS amounts and ammonia amounts 

were hoped to be found for the pulp mills. For the basic information of the pulp mills the 

production and pulp type was hoped to be found. The reports gathered for this thesis include 

measurements from varying departments and might be missing some of the information 

listed above. 

 

In Figure 6 a process picture is shown with the departments from which CNCG, DNCG and 

vent gases are formed.  

 

 

Figure 6. Pulp mill operations and NCG formation.  

5.1 Studied pulp mills 

Ammonia measurements were gathered from a total of 22 pulp mills. Pulp mill 3 included 

measurements separately for when the mill was using softwood and hardwood, so this mill 

was listed in both 100% softwood and 100% hardwood using mills. Nine of the pulp mills 

used mostly or only softwoods, thee of the mills use only hardwoods and ten of these mills 

used a mixture of softwood and hardwood. Unfortunately, measurements from mills using 

only eucalyptus were not found. 
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Table 4 shows introduction to the mills located in Scandinavia, including the mills location 

and raw material used.  

 

Table 4. Introduction to the mills from Scandinavia. 

Pulp mill Location Wood Species 

Pulp production 

[ADt/day] 

Pulp mill 1 Scandinavia 40 % SW, 60 % HW High 

Pulp mill 2 Scandinavia 100% SW Medium 

Pulp mill 3 Scandinavia 100% SW or 100% HW Small 

Pulp mill 4 Scandinavia 100% SW Medium 

Pulp mill 5 Scandinavia 65% SW, 35% HW Small 

Pulp mill 6 Scandinavia 35% SW, 65%HW Medium 

Pulp mill 7 Scandinavia 50% SW, 50% HW Medium 

Pulp mill 8 Scandinavia 65% SW, 35% HW Medium 

 

Pulp mill 6 pulps a mix of 35% softwood and 65% hardwood, from which 10 to 15% is 

eucalyptus. However, eucalyptus is probably used in campaigns and the measurements are 

most likely not from eucalyptus pulping. In Table 5 introduction to the mills located in 

United States is shown. 

 

Table 5. Introduction to the mills from United States. 

Pulp Mill Location Wood Species 
Pulp production 

[ADt/day] 

Pulp mill 9 Southeast 100 % SW Medium 

Pulp mill 10 Southeast 100 % SW Small 

Pulp mill 11 Southeast 100 % SW Medium 

Pulp mill 12 Southeast 100 % SW Medium 

Pulp mill 13 Southeast 100 % SW Medium 

Pulp mill 14 Northeast 53% SW, 48% HW Small 

Pulp mill 15 Great Lakes area 100% HW Small 

Pulp mill 16 Southeast 34 % SW, 64 % HW Small 

Pulp mill 17 Southeast 41% SW, 59% HW Small 

Pulp mill 18 Southeast 40% SW, 60% HW Small 

Pulp mill 19 Southeast 100% HW Small 

Pulp mill 20 Southeast 53% SW, 47% HW Small 

Pulp mill 21 Northeast 36% SW, 64% HW Small 

Pulp mill 22 Southeast 100% SW Medium 

 

Scandinavian pulp mills are typically larger than pulp mills in the United States. Pulp mills 

9 and 12 from the United States are unbleached kraft pulp mills and pulp mills 10 and 14 to 
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22 are all bleached kraft mills. Mill 13 is a kraft mill that produces both bleached and un-

bleached pulp. Pulp mill 21 typically pulps a mixture of 30% softwoods and 55% hardwoods 

and 15% “swing”.  

 

Most reports for the mills consisted of measurements for different equipment. For this thesis 

all the equipment was listed under different departments and total values for each department 

were calculated as a cube average based on the sum of flow rates. CNCG ammonia meas-

urements were found from two different departments: cooking and evaporation while DNCG 

or vent gas ammonia measurements were found from four different departments: digester 

and fiber line, evaporation, recovery boiler and recaustization. Figure 7 shows the two de-

partments and the equipment that ammonia measurements were found from for CNCG and 

Figure 8 shows the measured equipment for DNCG. 

 

 

Figure 7. Sources of CNCG in kraft pulp mills. 

Figure 8 shows the equipment that produced DNCG or vent gases that had ammonia from 

different departments. 
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Figure 8. Sources of DNCG in kraft pulp mills.  

 

Most of the measurements were already given as wet, but for the few mills that gave the 

results as dry the conversion was made. Flow rates were originally found in unit m3n/s and 

with the production value these were converted to the unit m3n/ADt. Pulp mill 3 gave flow 

rates as mass flow rate (kg/s) that needed to be converted to m3n/s.  Pulp mills from the 

United States required unit changes to the SI units. 

5.1.1 Softwood mills 

Pulp mills 2, 3 and 4 from Scandinavia and pulp mills 9 to 13 and mill 22 from the United 

States were mills using 100% softwood or mills that included measurements from when the 

mill was using only softwood. For softwood mills ammonia measurements were found from 

cooking and evaporation departments from CNCG and recovery boiler and recaustization 

departments from vent gases. Measured equipment, gas type and measured parameters are 

shown in Table 6. 
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Table 6. Information about the measurements done for softwood mills. 

Pulp mill Measurements done Gas type Measured parameters 

Pulp mill 2 

Cooking gases and 

foul condensate strip-

ping 

CNCG 
Flow rate, temperature, TRS 

amount, ammonia amount 

Pulp mill 3 

Cooking gases and 

foul condensate strip-

ping 

CNCG 
Flow rate, temperature, TRS 

amount, ammonia amount 

Pulp mill 4 

Cooking gases, evap-

oration, foul conden-

sate stripping and 

methanol liquidation 

CNCG 
Flow rate, temperature, TRS 

amount, ammonia amount 

Pulp mill 9 

Smelt dissolving 

tank, slaker and caus-

ticizer 

Vent gas 

Flow rate, temperature, TRS 

amount for smelt dissolving 

tank, ammonia amount 

Pulp mill 10 

Smelt dissolving 

tank, slaker and caus-

ticizer 

Vent gas 

Flow rate, temperature, TRS 

amount for smelt dissolving 

tank, ammonia amount 

Pulp mill 11 
Smelt dissolving tank 

and slaker/causticizer 
Vent gas 

Flow rate, temperature, TRS 

amount for smelt dissolving 

tank, ammonia amount 

Pulp mill 12 
Smelt dissolving tank 

and slaker  
Vent gas 

Flow rate, temperature, TRS 

amount for smelt dissolving 

tank, ammonia amount 

Pulp mill 13 
Smelt dissolving tank 

and slaker  
Vent gas 

Flow rate, temperature, TRS 

amount for smelt dissolving 

tank, ammonia amount 

Pulp mill 22 Smelt dissolving tank Vent gas 
Flow rate, temperature, and 

ammonia amount 
 

 

 

Pulp mill 9 produced unbleached coated board using two pulp lines and during the testing 

period only one line, using continuous digester to produce softwood pulp, was operating. 

The results for causticizer vent emissions represent total ammonia emissions from all three 

causticizers in series. Pulp mill 10 produced bleached kraft softwood fluff market pulp on a 

single fiber line. The recovery plant is equipped with a five-effect evaporator, recovery fur-

nace and a calciner. The results for causticizer vent emissions represent total ammonia emis-

sions from all three causticizers in series. Pulp mill 11 produced bleached softwood or hard-

wood pulp on a single fiber line, but during the testing the mill was pulping softwoods only. 

Pulp mill 12 uses nine batch digesters to produce unbleached softwood pulp. Mill 13 uses 
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thirteen digesters to produce both unbleached and bleached pulp. For pulp mill 22 vent gases 

from two smelt dissolving tanks on one kraft recovery furnace were tested separately and 

the results represent the sum of both smelt tank vents.  

 

Based on measurement reports, NCG flow rates varied depending on gas type and location. 

Measured flow rates are shown in Figure 9. 

 

Figure 9. Flow rates from softwood mills. 

 

Flow rates from the recovery boiler are much smaller than the flow rates from recaustization 

and are harder to notice from the figures. The flow rates from smelt dissolving tank vent 

gases vary between 0,23 to 0,31 m3n/ADt. One expectation to these is the pulp mill 22 that 

has a much larger production flow rate compared to the other mills. The flow rate in m3n/s 

is almost double the amount compared other mills in this category have while the pulp pro-

duction remains the lowest of these softwood mills. Measurements from the mill 22 are also 

older than in the mills 9 to 13, which might also explain some of the differences.  

 

Temperatures for these flows are shown in Figure 10. 
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Figure 10. Temperatures from softwood mills. 

 

The temperatures from recaustization are probably measured from the incinerator, since the 

recaustization processes do not reach temperatures close to 200 C and there is no reason for 

the vent gas temperatures to be that high. It appears that these temperatures have been taken 

after some heating and possibly after mixing the vent gases with other gases. For other de-

partments the temperatures seem to be temperatures taken from the collection points. 

 

In Figure 11 TRS concentrations from cooking, evaporation and recovery boiler are shown. 

TRS concentrations from recaustization department were not measured in mills 9-13. TRS 

concentrations were also not tested at all for the mill 22. Since the gases from cooking and 

evaporation are classified as CNCG, the TRS amounts are much larger in these categories. 
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Figure 11. TRS concentrations from softwood mills. 

 

Figure 12 shows ammonia emissions from CNCG and vent gases. Cooking gases were 

measured from three different mills and pulp mills 2 and 3 measured values very close to 0 

and pulp mill 4 measured about 3400 ppm.  

 

 

Figure 12. Ammonia emissions from softwood pulp mills.  
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The evaporation department produces the most ammonia since there is significantly more 

nitrogen entering the evaporation plant than there is to for example recaustization. Because 

the majority of ammonia is removed from black liquor before it enters the recovery boiler, 

all nitrogen in black liquor is organic nitrogen when it enters the recovery boiler. Majority 

of wood's nitrogen enters to evaporation in black liquor. In theory almost all nitrogen is 

removed from pulp in fiberline and directed either as black liquor or wash liquor to 

evaporation. High temperature and long treatment time also affect ammonia release rate in 

evaporation. 

 

For no obvious reason the ammonia emissions from recaustization from pulp mill 11 are 

higher than from any other mill. Pulp mill 22 has a very low amount of ammonia measured 

from both smelt tank vents on the furnace that were tested. This same mill also has a much 

larger flow rate than any other mills have from the department. The report did not provide 

any reasons as to why either of these values are so different compared to other measurements. 

Measurements for mill 22 are older than the measurements for mills 9 to 13, which might 

explain some of the differences since for example different testing methods were used. 

5.1.2 Hardwood mills 

Pulp mill 3 from Scandinavia and pulp mills 15 and 19 from the United States were mills 

using 100% hardwood or mills that included measurements from when the mill was using 

only hardwood. For hardwood mills ammonia measurements were found from cooking and 

evaporation departments from CNCG and recovery boiler and recaustization departments 

from vent gases. Table 7 shows the measured equipment, gas type and measured parameters 

for these pulp mills. 
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Table 7. Information about the measurements from pulp mills using hardwood. 

Pulp mill Measurements done Gas type Measured parameters 

Pulp mill 3 
Cooking gases and foul con-

densate stripping 
CNCG 

Flow rate, temperature, 

TRS amount and ammo-

nia amount 

Pulp mill 15 
Smelt dissolving tank and 

slaker 
Vent gas 

Flow rate, temperature, 

ammonia amount 

Pulp mill 19 
Smelt dissolving tanks, 

slaker and causticizer 
Vent gas 

Flow rate, temperature, 

ammonia amount 

 

Figure 13 shows flow rates from pulp mills using hardwood. 

 

 

Figure 13. Flow rates from pulp mills using hardwood. 

 

Recovery boilers vent gas formation rate on pulp mill 19 is a lot higher than is seen on other 

pulp mills, expect for a few pulp mills in the mixed mills that give similar values. The value 

from pulp mill 19 is probably not the generated amount of vent gases, and the high value can 

probably be explained with the way that the measurements were performed. According to 

professor Esa Vakkilainen values from 600 to 700 m3n/ADt could be acceptable here. Values 

close to 3000 m3n/ADt can’t be the generated amount of vent gases.  
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All of the vent gases from the recovery boiler department come from the smelt dissolving 

tank. Generally the amount and composition of the vent gases from the smelt dissolving tank 

will vary widely depending on the facility, the driving situation, the material used to 

decompose the smelt, and other unforeseen factors. Unpredictable situations include for 

example blockages and disturbances in smelt disintegration. (Rantanen, 1986) 

 

Temperatures for the flows are shown in Figure 14. 

 

 

Figure 14. Temperatures from pulp mills using hardwood. 

 

As we can see from Figure 14, there is not huge variance in temperatures. All of these tem-

peratures are acceptable and typical temperatures for the departments. 

 

Figure 15 shows TRS concentrations from pulp mill 3. TRS concentrations were not tested 

for pulp mill 15 or 19. 
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Figure 15. TRS concentrations from pulp mills using hardwood. 

 

Ammonia emissions are shown in Figure 16.  

 

 

Figure 16. Ammonia emissions from pulp mills using hardwoods. 
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Pulp mill 3 measured 0 ppm of ammonia from cooking gases. Once again, the largest amount 

of ammonia can be found from CNCG from evaporation department. Mill 15 had 4 causti-

cizers in series while mill 19 had 2 causticizers in parallel, 2 in series and one sump. In each 

case only one vent was tested, and overall emissions were obtained by multiplying by the 

number of vents. The emissions from kraft slaker vents were also a lot higher for pulp mill 

15. 

5.1.3 Mixed mills 

There were 5 pulp mills from Scandinavia and 7 pulp mills from United Stated that had 

ammonia measurements for mills that pulp a mix of softwoods and hardwoods. Ammonia 

measurements were found on all departments however, flow rates and temperatures were not 

found for CNCG from cooking or evaporation. Basic information about the measurements 

are shown in Table 8. 
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Table 8. Information about the measurements done for pulp mills using a mixture of softwoods and hardwoods. 

Pulp mill Measurements done Gas type Measured parameters 

Pulp mill 1 

2 cooking lines, 2 evaporators, 

foul condensate tank, 2 strippers, 

methanol liquidation, DNCG 

from evaporation 

CNCG 

and 

DNCG 

TRS amounts and ammonia 

amounts. Temperatures for 

foul condensate tank, strip-

pers, and methanol liquida-

tion. Flow rates only for 

strippers. 

Pulp mill 5 

Different equipment from di-

gester and fiber line as well as re-

caustization 

DNCG 

Flow rate, temperature, 

TRS amount and ammonia 

amount 

Pulp mill 6 

Equipment from digester and fi-

ber line, cooking area, evapora-

tion, recovery boiler and recausti-

zation 

DNCG 

Flow rate, temperature, 

TRS amount and ammonia 

amount 

Pulp mill 7 Turpentine scrubber CNCG  
TRS amount and ammonia 

amount 

Pulp mill 14 

One smelt dissolving tank, one 

lime slaker and emissions from a 

series of four causticizers follow-

ing the slaker  

Vent gas 
Flow rate, temperature, and 

ammonia amount 

Pulp mill 16 

One smelt dissolving tank, one 

lime slaker and one of a series of 

four causticizers 

Vent gas 
Flow rate, temperature, and 

ammonia amount 

Pulp mill 17 Two smelt dissolving tanks Vent gas 
Flow rate, temperature, and 

ammonia amount 

Pulp mill 18 
Stack of two smelt dissolving 

tanks vent gases and one slaker 
Vent gas 

Flow rate, temperature, and 

ammonia amount 

Pulp mill 20 

Two smelt dissolving tanks, one 

slaker and one of a series of four 

causticizers 

Vent gas 
Flow rate, temperature, and 

ammonia amount 

Pulp mill 21 

One smelt dissolving tank, one 

slaker and one in a series of three 

causticizers 

Vent gas 
Flow rate, temperature, and 

ammonia amount 

 

 

From pulp mill 1 the CNCG ammonia measurements were from two cooking lines, two 

evaporators, two strippers and one methanol liquidation plant. DNCG were also measured 

from this plant and all these DNCG come from the evaporation department. The mill has 2 

methanol liquidation plants, but at the time of the measurements only one was in use. Be-

cause of the lack of flow rates, the total values for each department could not be calculated 

as they are for the rest of the mills. For this mill, simple average value is calculated instead.   
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Pulp mill 8 pulps a mixture of 65% softwood and 35% hardwood. For this mill CNCG were 

measured in two different years, but the report did not specify from which department or 

equipment the measurements were taken from. TRS emissions from pulp mill 8 are shown 

in Table 9. 

 

Table 9. TRS measurements from CNCG at pulp mill 8. 

 Pulp mill TRS [ppm] 

Pulp mill 8, CNCG 1030 

Pulp mill 8, CNCG 846 

 

Flow rates for pulp mills using a mixture of softwoods and hardwoods is shown in Figure 

17. Flow rates for pulp mills 1, 7 and 8 were not available. Pulp mill 1 has ammonia meas-

urements for cooking and evaporation CNCG as well as the recovery boiler DNCG. Pulp 

mill 7 has the ammonia measurements from CNCG cooking gases measured. 

 

 

Figure 17. Available flow rates for pulp mills using a mixture of softwoods and hardwoods. 
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m3n/ADt is usual, and numbers from 600-700 m3n/ADt are also acceptable. Values close to 

3000 m3n/ADt can’t be the generated amount of vent gases. These high numbers can 

probably be explained with the way that the measurements were performed, age of the 

measurements being the biggest reason for a high number like that.  

 

Temperatures for pulp mills using a mixture of softwoods and hardwoods are shown in Fig-

ure 18. Temperatures for pulp mills 1, 7 and 8 were not available. 

 

 

Figure 18. Available temperatures for pulp mills using a mixture of softwoods and hardwoods. 

 

TRS amounts for pulp mills using a mixture of softwoods and hardwoods are shown in Fig-

ure 19. No TRS measurements were done on pulp mill 8 from Scandinavia and pulp mills 

14, 16, 17, 18, 20 and 21 from United States. 
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Figure 19. Available TRS measurements for pulp mills using a mixture of softwoods and hardwoods. 

 

Ammonia emissions from mixed mills are shown in Figure 20. 

 

 

Figure 20. Ammonia emissions for pulp mills using a mixture of softwoods and hardwoods.  
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Pulp mill 6 abd 18 show a much higher ammonia concentration from the recovery boiler 

department than any other mill. All measurements from this department consist of 

measurements from the smelt dissolving tanks. The ammonia emissions from the smelt 

dissolving tank depend on the cyanate amount in smelt and cyanate conversion rate into 

ammonia. Furthermore, the temperature and residence time in tank will affect the ammonia 

amount. For pulp mill 6 the flow rates and temperatures are relatively similar to other mills 

and TRS concentrations unfortunately can’t be combared because of the lack of the 

measurements from the mills 14 to 22. Pulp mill 6 is located in Scandinavia and is also a 

much larger mill than the other mixed mills, which might be a reason for the differences.  

5.2 Summary of the results 

Table 10 shows a summary of the results from the data analysis, showing minimum and 

maximum numbers found from each department for softwood, hardwood, and mixed mills 

separately. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



61 

 

 

Table 10. Summary of the results. 

  Flow rate [m3n/ADt] Temperature [C] 

Department SW HW Mixed SW HW Mixed 

Cooking, CNCG 6 – 62 51  71 - 120 120   

Evaporation, 

CNCG 10 - 42 44  71 - 120 120   

Digester and fiber 

line, DNCG   424 - 445    54 - 69 

Evaporation, 

DNCG   68    56 

Recovery boiler, 

vent gas 0,23 - 2530 618 - 2276 404 - 2510 68 - 110 64 56 - 79 

Recaustization, 

vent gas 6,7 - 38 31 - 260 66 - 2920 110 - 200 75 - 81 38 - 78 

  TRS [ppm] NH3 [ppm] 

Department SW HW Mixed SW HW Mixed 

Cooking, CNCG 43100 - 80400 114000 3240 - 14500 Low Low Low 

Evaporation, 

CNCG 99200 - 171000 134000 241000 High High High 

Digester and fiber 

line, DNCG   240 - 479    Low 

Evaporation, 

DNCG   905 - 6190    Low 

Recovery boiler, 

vent gas 6,3 - 44    112 Medium Medium 

Me-

dium 

Recaustization, 

vent gas     0,99 - 37 Medium Medium 

Me-

dium 

 

The lack for flow rates does affect the results. Also, especially in the vent gases unfortunately 

there were a lot of pulp mills that lacked the measurements for TRS concentration.  

 

The temperature from recaustization should not be close to 200 C, and the measurements 

from softwood mills were possibly taken from the point of incineration, or after heating and 

mixing with other gases. For the hardwood and mixed mills the temperature ranges from 

recaustization however seem to be taken from the collection point. 

 

Based on Table 10, ammonia concentrations are the highest for evaporation CNCG for all 

pulp types. This is due to more nitrogen entering the evaporation plant than there is to any 

other department. Because the majority of ammonia is removed from black liquor before it 

enters the recovery boiler, all nitrogen in black liquor is organic nitrogen when it enters the 
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recovery boiler. Majority of wood's nitrogen enters to evaporation in black liquor. In theory 

almost all nitrogen is removed from pulp in fiberline and directed either as black liquor or 

wash liquor to evaporation. Factors that affect the ammonia release rate are high temperature 

and long treatment time. 

 

Based on Table 10 much smaller but still significant amounts of ammonia are also found in 

the recovery boiler and recaustization departments. Vent gases from the recovery boiler de-

partment consists basically just from dissolving tank vent gases. Vent gases are generated in 

dissolving tank when hot smelt evaporates water in tank. A third of the black liquor nitrogen 

remains in the smelt in a recovery boiler and continues in the rest of the recovery cycle. This 

leads into ammonia emissions on both the recovery boiler and recaustization departments. 

The nitrogen of green wash entering the smelt dissolver is mostly in the form of ammonia, 

and part of this ammonia is released in the vent stack gases of the dissolver. The cyanite 

leaving the recovery boiler however reacts slowly to form ammonia during the causticizing 

process. (Kymäläinen et al., 1999, Demartini et al., 2004) 

 

The amount and composition of the vent gases will vary widely depending on the facility, 

the driving situation, the material used to decompose the smelt, and other unforeseen factors. 

The ammonia formation also depends on the cyanate amount in smelt and the cyanate con-

version rate into ammonia. Temperature and residence time in tank will also have an effect. 

 

The nitrogen content of black liquor is typically 0,05 to 0,15% by weight, and it varies some-

what depending on wood species, being slightly higher in birch than in pine liquors. In dif-

ferent wood types the nitrogen is in different forms, which leads to the nitrogen reacting 

differently. (Kymäläinen et al., 1999) 

 

There are a few challenges involved when taking the samples that could affect the accuracy 

of the measurements. Since NO2 and ammonia both are more likely to be in the liquid form, 

there is a high chance that if condensation happens in the pipeline the measured values for 

NO2 and ammonia are smaller than they are in reality. Condensation in the pipeline can also 

affect the suction speed of the measurement device. Basically, it is difficult to guarantee that 

the measured value is the same along the whole pipeline. 
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5.2.1 Review of the results 

In Table 7 CNCG ammonia measurements from the mills 2, 3 and 4 are shown in unit 

kg/ADt. According to Andritz the amount of ammonia in CNCG is usually high compared 

to ammonia concentrations in DNCG. The values exceeding this range are highlighted. 

 

Table 11. CNCG ammonia measurements from pulp mills 1, 3 and 4 in unit kg/ADt 

  

Ammonia from 

cooking, CNCG 

[kg/ADt] 

Ammonia from 

evaporation, CNCG 

[kg/ADt] 

Total ammonia 

concentration in 

CNCG [kg/ADt] 

Pulp mill 2 (SW) Low Medium Medium 

Pulp mill 3 (SW) Low High High 

Pulp mill 3 (HW) Low High High 

Pulp mill 4 (SW) Low High High 

 

The EIPPCB data from 2011 has measured values for NOx formation at European kraft pulp 

mills. From this data the values that were measured from mills using a separate CNCG in-

cinerator were used to calculate ammonia values backwards from the NOx values. Some 

assumptions needed to be made to be able to complete the calculations. The ratio of support 

fuel and CNCG needed to be estimated, as well as the amount of ammonia that reacts into 

NO in the CNCG and support fuel. Assumptions were also made for the used support fuel 

type and its ammonia concentration. The formation of thermal NOx is usually not seen in 

CNCG burner of separate incinerator. With these assumptions the amount of ammonia in 

CNCG was possible to calculate. The ammonia levels from the examined pulp mills shown 

in Table 11 gives similar results. 

 

There are a few factors that might have an effect on the accuracy of the calculated values. A 

higher ammonia value might be a result from a mill that uses more support fuel than as-

sumed, maybe something unusual happening in the prosses or it is also possible that the mills 

accidentally gave wrong numbers. It could also just indicate that there is a larger amount of 

CNCG produced in the mill.  For the calculations the support fuel was assumed to be meth-

anol, which might not be true to all mills and therefore affect the results. 
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6 SUMMARY 

The goal of the study was to gather data on the NCG and ammonia formation on the pulp 

mill to get a better understanding on the overall NCG flows and the ammonia concentration 

in them and also to evaluate different factors that affect their formation. The total CNCG 

formation varied between 16 and 103 m3n/ADt and the vent gas formation varied from 0,23 

m3n/ADt all the way up to 2920 m3n/ADt depending on the mill and the department. Two 

sets of measurements were also gathered for the DNCG formation, which varied from 68 

m3n/ADt to 445 m3n/ADt depending on the department. 

 

Based on the research the kraft chemical recovery cycle produces nitrogenous gas emissions 

in the form of NOx or NH3. Nitrogen enters the pulp mill with the wood and is removed from 

the wood in the form of nitrogen-containing organic compounds and ammonia during the 

pulping process. The organic nitrogen compounds and some of the ammonia leave the wash-

ing process with the black liquor. Up to two-thirds of the black liquor nitrogen is released 

during combustion with the pyrolysis gases and the remaining nitrogen is contained in the 

char matrix. The organic nitrogen compounds react to form cyanite (OCN-) during char 

burning. The cyanite in smelt can thermally decompose, be oxidized in the recovery boiler, 

or pass through the recovery boiler with the smelt. During the recovery cycle, the cyanite 

slowly reacts to generate ammonia. The ammonia produced is either discharged to the at-

mosphere or recovered in the recovery cycle's multiple gas and condensate streams. Depend-

ing on the mill, ammonia is collected and burned in the recovery boiler, lime kiln, separate 

incinerator, or power boiler. 

 

The majority of the nitrogen in the mill flows comes from the nitrogen in the wood raw 

material, with just marginal amounts of nitrogen derived from any process chemicals. The 

nitrogen content in black liquor ranges from 0.05 to 0.15% by weight, and it varies slightly 

depending on the wood species, with birch liquors having a somewhat greater nitrogen con-

centration than pine liquors. 

 

The highest amounts of nitrogen are found in the outer layers of sapwood and the highest 

nitrogen contents are clearly found in bark and in cambium between the inner bark and wood. 

All major tree species contain equally low amounts of nitrogen in mature stemwood and the 
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nitrogen content of Nordic tree species in stemwood usually varies from 0.05 - 0.15%. 

Higher numbers have also been reported, and the variations can be caused for example by 

different applied analytical methods used, different geographical locations, different soil 

types, potential fertilization, age of wood, specific sampling point in wood, and purity of the 

samples.  

 

The practical part of this Master’s thesis was based NCG measurements from 22 pulp mills 

from which 8 pulp mills were located in Scandinavia and 14 pulp mills were located in the 

United States.  Nine of the pulp mills used mostly or only softwoods, three of the mills used 

only hardwoods and ten of these mills used a mixture of softwoods and hardwoods. One of 

the mixed mills provided measurements separately for when the mill was using hardwoods 

and when the mill was using softwoods, so this mill could be included separately to both 

softwood mills and hardwood mills.  

 

There are differences between a typical mill from Scandinavia and a typical mill from the 

United States, the size of the pulp mill being the biggest difference. In this thesis most of the 

measurements from Scandinavia were newer than the measurements from the Unites States, 

and the age of the measurements had also an effect on the values. 

 

For each pulp mill the production amount as well as the pulp type was found. For the NCG 

flows flow rates, temperatures, TRS concentrations and ammonia concentrations were hoped 

to be found. Few mills unfortunately lacked either the measurements for TRS concentration 

or for the flow rate. The mills were handled in three groups: mills that used only softwoods, 

mills that used only hardwoods and mills that used a mixture of softwoods and hardwoods. 

 

Highest ammonia concentrations were found from CNCG from the evaporation department 

for all pulp types. This is because there is more nitrogen entering to the evaporation plant 

than there is to any other department. Strong black liquor is basicually free from ammonia, 

while weak black liquor contains a significant amount of ammonia. This means that the 

ammonia in weak black liquor volatilizes during the evaporation process. In theory almost 

all nitrogen is removed from the pulp in fiberline and directed either as black liquor or wash 

liquor to evaporation. 
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While the concentrations are much lower than from evaporation, ammonia can also be found 

from the vent gases from the recovery boiler and recaustization deparments. Vent gases from 

the recovery boiler department consists from dissolving tank vent gases. A third of the black 

liquor nitrogen remains in the smelt in a recovery boiler and continues in the rest of the 

recovery cycle. This leads into ammonia emissions on both recovery boiler and recaustiza-

tion departments. The nitrogen of green wash entering the smelt dissolver is mostly in the 

form of ammonia, and part of this ammonia is released in the vent stack gases of the dis-

solver. The cyanite leaving the recovery boiler however reacts slowly to form ammonia dur-

ing the causticizing process. 

 

The thesis answered most of the research questions. The NCG flows and ammonia concen-

trations were found for several pulp mills and some trends were definitely found for the 

departments. The thesis provides good estimations of the ammonia flows in odorous gases, 

even though few of the measurements did have some issues. From the literature it was de-

termined that most of the nitrogen in pulping originates from wood and what species and 

parts of wood contain the highest amounts of nitrogen. Based on results, NCG flows can 

provide a great source for ammonia at pulp mills. 
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