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Abstract 
This report is the result of an examination work at the University of Karlstad. The purpose of 
this project is to examine how the condition of the steam affects the efficiency of the steam 
consumers and how variations in that condition affect a pulp and paper mill.  
 
This report is meant to describe the main components regarding steam production, steam 
conditioning and steam consumption. It should also be able to give basic information about 
the significance of steam conditioning in the pulp and paper industry. It is aimed to people 
working with steam conditioning to increase their understanding and knowledge about it. 
 
 
The aim of this report is to: 

  
• Describe the function of the most commonly used steam generators and the difference 

between these. 
 

• Identify the main steam consumers and describe their function. 
 

• Give an introduction to steam conditioning and its role at a pulp and paper mill. 
 
 
 This report will try to answer the following questions: 
 

• How does the generated power from back-pressure steam turbines vary with grade of 
superheat of outlet steam? 

 
• What are the advantages with steam conditioning? 

 
• Are the steam conditioners at Gruvöns bruk able to deliver steam at the right 

condition? 
 
 
The conclusions from this report are that;  
 

• If the steam conditioning valves are able to reduce small steam flows to the correct 
temperature, more power can be produced. The design condition of the steam turbines 
can than be nearer saturation. 

  
• The temperature variations are more critical at the turbine inlet than downstream the 

steam conditioning valves. The valves at Gruvöns bruk who are studied in this report, 
are fully functioning. 

 
• Common for the main steam consumers at pulp- and paper mills are that they are all 

sensitive for variations of steam temperature, especially high temperature.  
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Sammanfattning 
Den här rapporten är resultatet av ett examensarbete i energiteknik på Karlstads universitet. 
Dess syfte är att undersöka hur effektiviteten hos ångförbrukarna i ett massa- och pappersbruk 
påverkas av ångans tillstånd. 
 
Rapporten beskriver de huvudsakliga komponenterna för ångproduktion, ångkonditionering 
och ångkonsumtion. Den ger också grundläggande information om betydelsen av 
ångkonditionering inom massa- och pappersindustrin. Den riktar sig framförallt till personer 
som arbetar med ångkonditionering för att ge ökad kunskap och förståelse för ämnet. 
 
  
Rapportens mål är att; 
 

• Beskriva funktionen hos de huvudsakliga ångproducenterna och skillnaderna mellan 
dessa. 

 
• Identifiera de huvudsakliga ångkonsumenterna och beskriva dess funktion. 

 
• Ge en introduktion till ångkonditionering och dess roll i ett massa- och pappersbruk. 

 
Rapporten besvarar följande frågor; 
 

• Hur varierar den från mottrycksturbiner genererade effekten med grad av överhettning 
på utgående ånga? 

  
• Vilka är fördelarna med ångkonditionering? 

 
• Klarar ångkonditioneringsutrustningen på Gruvöns bruk av att leverera ånga vid rätt 

tillstånd?  
 
 
Slutsatserna från den här rapporten är;  
 

• Om ångventilerna klarar av att reducera ångan till rätt temperatur vid små flöden kan 
mer effekt genereras. Turbinerna kan då tillverkas med lägre överhettning på utgående 
ånga. 

  
• Temperaturen varierar mer vid turbininloppet än nedströms ångventilerna. Dessa 

fungerar till fullo på Gruvöns bruk. 
  

• Gemensamt för ångkonsumenterna är att de är känsliga för variationer på ångans 
temperatur, framförallt hög temperatur.  
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Introduction 
A CHP (combined heat and power) plant is an installation where there is simultaneous 
generation of both power and heat. The heat can be used in different industrial processes, for 
example as steam in pulp and paper drying machines, or as hot water in district heating 
systems. How much power that will be produced is often decided by the demands in the 
industrial processes. A common such is temperature and pressure of the steam in paper drying 
machines (often 3.5 bar at 165 ºC).  
 
CCI Valve Technology AB develops, designs and manufactures control valve solutions for 
the process industry. Examples where these applications are used are in the oil and gas 
industry, at power plants, and at pulp and paper mills worldwide. The steam in these 
industries is most often used for electricity production in steam turbines, but the main purpose 
of the steam system is to provide the process with correctly conditioned steam.  
 
This project is about steam utilization in the process industry. It is roughly divided into three 
parts;  
 

• steam production  
• steam conditioning 
• steam consumption   

 
Steam production is about producing steam and creating the correct temperature and pressure. 
The most common steam boiler systems (steam generators) are identified.  
 
Steam conditioning is about the different functions that adapts the steam to the needs of the 
process. Different solutions are explained and examined.  
 
Steam consumption is about studying chosen examples of process functions where steam is 
used.   
 
The purpose of this project is to examine how the condition of the steam affects the efficiency 
of the steam consumers and how variations in that condition affect a pulp and paper mill. 
Different problems that occur during operation are identified and examined how they are 
related to the condition of the steam.  
 
This report is meant to describe the main components regarding steam production, steam 
conditioning and steam consumption. It should also be able to give basic information about 
the importance of steam conditioning in the pulp and paper industry. It is aimed to people 
working with steam conditioning to increase their understanding and knowledge about it. It 
can also be used as material for educational purposes or by others who have interest in the 
subject.  
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The aim of this report is to: 
  
• Describe the function of the most commonly used steam generators and the difference 

between these. 
 

• Identify the main steam consumers and describe their function. 
 

• Give an introduction to steam conditioning and its role at a pulp and paper mill. 
 
 
  
This report will try to answer the following questions: 
 

• How does the generated power from back-pressure steam turbines vary with grade of 
superheat of outlet steam? 

 
• What are the advantages with steam conditioning? 

 
• Are the steam conditioners at Gruvöns bruk able to deliver steam at the right 

condition? 
 
 
This report is delimited to the aspects of steam conditioning during operation in the pulp- and 
paper industry. One specific mill, Billerud AB Gruvöns Bruk, is chosen as case study object. 
The reason for this is that Gruvöns Bruk is an integrated pulp and paper mill, which is the 
most common type of mill in Sweden. It is likely that problems during operation occurring at 
Gruvöns Bruk, also can occur at similar mills located elsewhere. This report should therefore 
be able to give a good overview of steam conditioning in general. 
 
The cases are based on data from during operation at Gruvöns bruk. Curves and diagrams are 
studied and presented. The purpose of studying these cases is to investigate the variations of 
the condition of the steam. Two cases at different load are analyzed. 
 
This report is the result of an examination work at the University of Karlstad. Instructor at the 
university has been Jan Forsberg and examiner has been Fredrik Wikström. Instructor at CCI 
and originator of the project has been Ingmar Karlsson, manager of development.   
 
I owe my instructor at CCI Valve Technology Ingmar Karlsson much gratitude for leading me 
through this project. His encouraging support and guidance has been of great importance. A 
special thanks is also aimed to Stefan Magnusson and Tord Danielsson at Gruvöns bruk for 
guidance and help with collecting data.  
 
Karlstad 2006 
 
Thomas Nyberg 
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Steam production 
Steam boilers task are to transform the energy in the fuel into thermal energy and to evaporate 
water into steam. A steam boiler in its simplest form is a vessel partly filled up with water. 
The vessel is heated and steam is created. The steam is transferred through a connected pipe. 
If the amount of steam that is transferred equals the amount that is created, the pressure inside 
the vessel remains constant. If the transferred amount of steam is less than what is created, the 
pressure will rise. Consequently, the pressure can be regulated in two ways - by varying heat   
transfer to the vessel, or by varying the amount of steam transferred. 
 
The main components on the water-steam side in a steam boiler are: feed water pump, 
economizer, evaporator and superheater.1

Feedwater pump 
The feedwater pump’s task is to transport 
water from the feed water tank into the 
dome. This is done by raising the pressure 
after the pump to a level above the dome 
pressure.  

Economizer 
The economizer is located where the 
temperature of the flu gases is lowest on the 
steam-water side (the flu gases at even 
lower temperature are used for preheating 
air in a later stage, but that is not of matter 
here). The water from the feed water tank 
passes through the economizer before 
entering the dome. In some economizers the water 
even starts to evaporate, but it is most commonly 
heated to about 25ºC below saturation 
temperature. 

Figure 1. Schematic drawing of steam boiler and its main 
components.  

Evaporator 
In the evaporator tubes, water is transported from the dome through the boiler’s mid-
temperature part and then back to the dome. Steam boilers can be divided into two main 
groups depending on the water circulation through the evaporator tubes. It can either be 
established by the differences in density between water and steam (natural circulation) or by a 
circulation pump (forced circulation). In the latter, the feed water pump presses the water 
through the economizer into the dome. The circulation pump extracts water from the dome, 
transports it through the evaporator tubes and back. The biggest advantage with forced 
circulation is that the evaporator surfaces can be constructed without the same consideration 
as with natural circulation.  

Superheater 
In the dome, water and steam is separated. Steam is extracted at the top and transported 
through the superheater tubes to the steam consumers, for example to a back-pressure turbine. 

                                                                          
1 Alvarez, H. 1990. 
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The maximum temperature of the superheated steam is today limited to 600 ºC due to 
materialistic reasons.  

Condensate 
The condensate from the steam consumers is pumped back to the feedwater tank via water 
treatment. To remove gases that damage the tubes, the feed water tank is de-aerated. This is 
done by the de-aerator placed on top of the tank. Oxygen and nitrogen are bled off to prevent 
corrosion.     

Steam production in the pulp and paper industry 

Others, internal
1%

Others, external
11%

Bark, internal
12%

Oil
8%

Black liquor
68%

The main fuels used in the Swedish pulp and paper industry for steam production are black 
liquor, bark and oil. The contribution from the different 
fuels is shown in the figure below.  
 
The steam demand in the process industry varies 
strongly with peak loads at short periods of time. To 
cover these peaks a steam accumulator is often installed 
which is able to store energy as hot water and later 
extract it as steam.  

Figure 2. Steam production in the Swedish pulp and 
paper industry. (Swedish Forest Industries Federation, 
2001a). Bark burning boiler (CFB) 

Bark is used since that is a by-product from the debarking plant at site. It can be combusted in 
a so called CFB-boiler (circulating fluidized bed) where the fuel is mixed with sand 
circulating at high velocities. The system consists of a reactor in which the gasification of the 
fuel takes place, a uniflow cyclone to separate the circulating bed material from the gas, and a 
return pipe for returning the circulating material to the bottom part of the reactor.  
 
After the uniflow cyclone, the hot product gas flows into the 
air preheater. This is located below the cyclone. When the 
heated gasification air enters into the reactor below the solid 
bed, the gas velocity is high enough to fluidize the particles 
in the bed. The circulating bed material serves as a heat 
carrier and stabilizes the temperatures in the process. In the 
bottom, ash and consumed sand is removed by a bottom ash 
screw.2  
 
This technique with the circulating fluidized bed is the most 
recent (but other combustion technologies exist). Since it is 
the most modern and effective, it is probably also the most 
common boiler used for bio fuels in the future. The construction 
differs between manufacturers, but the principle is the same. 

Figure 3. Biofuel boiler with 
circulating fluidized bed, CFB. 
(Foster&Wheeler) 

Start-up 
To avoid damages on the superheater tubes during start-up, it is important that the boiler is 
slowly heated. First at 100ºC, steam is created and starts to flow. The flow speed and the heat 

                                                                          
2 Foster&Wheeler 
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transfer coefficient are low, why the tubes can be too hot and damaged. To control the 
temperature of the steam, water is injected in the superheater tubes. 
 
At start-up the boiler is slowly heated with oil. When pressure and temperature reaches a 
minimum level, for example 600-700 ºC for a 90 MW boiler, fuel is slowly and in a very 
controlled way brought into the boiler. When the situation is stabilized and the desired 
conditions are fulfilled, steam can be extracted to the turbine. Time for start-up varies, to 
some extent depending on what measures that have been taken during the stop. If for example 
the brick wall inside the boiler has been rebuilt, it takes longer time. It than has to be dried 
slowly to avoid cracking. 24 hours for a 90 MW boiler (CFB) is not unusual for start-up.    
 
Typical temperatures inside the reactor are 800-1000 ºC depending on fuel and application. 
The efficiency is high, about 85 %, and varies with dryness of the fuel. The effective thermal 
value of bark (50 % dryness3) is about 7 000 kJ/kg.4    

Recovery boiler 
Since 50 % of the wood becomes pulp and the rest is liquor, 
the recovery boiler is a natural part of the mills. As the name 
implies it is also a vital part of the chemical recovery system. 
The combustion of evaporated black liquor takes place at 
very high temperatures in special ovens, where the rest 
product is a melt which contains chemicals that are reused. 
Techniques with fluid beds also exist, but are rare. Liquor is 
sprayed into the combustion chamber through nozzles. The 
amount of nozzles differs between manufacturers and boiler 
size. One of the advantages with several nozzles is that the 
operators don’t have to change liquor pressure at different 
load, or even exchange the nozzles to different sizes.  
 
How the liquor is injected is of big importance to heat 
transfer, sulphur reduction and fouling on the superheater 
and convection tubes. They should be placed so that the 
liquor is evenly spread on the bottom of the combustion 
chamber. Cleaning the nozzles is important to ensure the 
function of the recovery boiler.5

Figure 4. Recovery boiler of common 
type. (ÅF-process AB). 

 
The efficiency of a recovery boiler is highly depending on the dryness of the liquor and what 
thermal value that is used in the calculations.6 When the dryness of the liquor is 75 % and the 
temperature is 195 ºC after the last economizer, the efficiency is about 80 %.  
 
Thermal value of black liquor is hard to define because of its big variations, but an 
approximate value is 10, 4 kJ/kg. 
 
The recycling of chemicals is a key element to the economy of a mill. The black liquor comes 
from when the wood chips are digested in white liquor to separate the cellulose fibres from 
each other (to create pulp). After evaporation the black liquor is combusted. In the bottom of 
                                                                          
3 Dryness is in this report defined as the amount of dry content in the fuel divided by the total amount of fuel (kg 
dry fuel/kg total fuel). 
4 Alstom Power. 
5 Pettersson, B. 1999. 
6 Ahlroth, Mikael. ÅF-Process AB. Secretary of the Swedish-Norwegian Recovery Boiler Committee.  
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the recovery boiler, the rest product green liquor is extracted. This is than treated and 
converted into new cooking liquor (white liquor) which can be reused in the digester.7

 
Steam generation in recovery boilers is associated with higher risks compared to other steam 
boilers. One of these are explosions inside the combustion chamber. A leak on one of the 
steam tubes or too much water content in the liquor from the evaporator plant, are two 
possible reasons to these explosions. If saturated water is mixed with the melt (liquor under 
combustion), it will due to the high temperatures evaporate very fast and explode.8  
 
The recovery boiler is also more slowly regulated than for example the CFB-boiler. That 
combined with the high risks, are the main reasons to why the bio fuel boiler is more 
commonly used for regulating steam production at varying load in the process.  

Oil boiler 
The easiest steam producer for operators to handle, and 
also the least complicated construction, is the oil boiler. 
Oil is sprayed from nozzles and, with help from steam 
or compressed air, atomizes to establish complete 
combustion. Oil boilers are quickly regulated by 
reducing oil flow. The efficiency is often 85-90 %, 
depending on load. The thermal value of oil (Eo1) is 40 
GJ/m3.  
 
To reduce oil consumption is important since it is an 
expensive fuel and also because of the environmental 
effects. 

  Figure 5. LaMont oil boiler with 
economizer, evaporator- and superheater 
tubes. Forced circulation. (Josefsson Lars, 
www.steamesteem.com). 

 
 
 

                                                                          
7 Billerud. 
8 Pettersson, B. 1999. 
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Steam consumption 
Steam in the pulp and paper industry is used for several purposes. The high quality steam 
from the steam producers is superheated and at high pressure (for example 60 bar, 480ºC). 
The steam consumers in the process have no need for steam at that state. Therefore the steam 
is allowed to expand through back-pressure turbines to produce electricity. If the turbine is not 
available, or if the need of steam to the process is higher than the turbine can handle, the 
steam is bypassed. The bypass valves then have to reduce pressure and temperature to the 
correct condition. 

Pulp cooking in digester 
The purpose of cooking in chemical pulp production is to use chemicals and heat to remove 
the lignin, which is a fibre binding substance. The fibers contain cellulose and are tried to be 
kept as long and strong as possible. Sulphate cooking is the most commonly used pulp 
production method today. The cooking temperature in sulphate pulping is normally 150-
170ºC, and it takes place in a pressure cooker called digester.9  
 
The lignin amount left in fibres is expressed with a so called 
kappa number. It is the lignin that causes the pulp to turn 
brown during cooking. The chemicals used for bleaching are 
much more expensive than the cooking chemicals. Therefore 
the amount of lignin removed is tried to be as high as 
possible, meaning that the kappa number is held low. Too 
extensive removal of lignin is not good though, since it starts 
to degrade the cellulose fibres. That is why the kappa number 
can’t be too low either. If the pulp is not to be bleached, the 
kappa number is normally 40-100. Pulp that is passed on to 
bleaching has normally a kappa number around 20. Problems 
in the cooking process reflect to all the subsequent processes, 
why its function is very important.10

 
 Figure 6. Principle of batch 

digester (Metso Paper).   
 
 
In the cooking process, some main parameters are: pulp quality, operating costs and process 
reliability. The process can be divided into two main categories. These are the batch method, 
where the pulp is cooked phase by phase in each digester. The second is the continuous 
method, where wood chips are continuously fed from the top and removed at the bottom. The 
digester is then divided into zones where different phases take place. 
 
The temperature is of big importance in the digester, especially in the beginning. Too high 
temperatures degrade the cellulose fibres. Therefore the temperature should be low in the 
beginning of cooking. 
 

                                                                          
9 Metso Paper 
10 KnowPulp 
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A common problem with digesters is corrosion due to the high temperatures and the tough 
conditions when the chips pass through the units. The construction material is therefore 
important to ensure function and also safety for operators.  
 
The black liquor is as previously mentioned, evaporated and later combusted in the recovery 
boiler. The rest product from combustion, green liquor, is chemically treated to white liquor. 
This is then reused in the digester. The high cost of chemicals is the reason to why many mills 
have started to work with chemical cycles, where these substances are circulated and reused.11   

The paper drying process 
The most common way when drying paper is the use of steam cylinders. When the paper web 
enters the drying section of a paper machine the dry content vary between 30 and 50 percent. 
This water has to be evaporated and therefore this section is one of the most expensive in the 
whole paper production process. The dry content after the dryer is 91-96 % depending on the 
composition of the paper.12  
 
Before the paper web enters the drying section of a paper machine it has passed several steps. 
Typical and very simplified procedure is that the fibres from wood are refined in the fibre 
lines and, depending on paper type, washed and bleached. When the paper web starts to form 
it enters the press section. There some of the water is pressed out before it enters the dryers. 
After the drying section most, but not all, paper grades are treated in the calendering section. 
There it is pressed with a roll to achieve a smooth and even surface. The procedure of course 
varies between every paper machine, but this how it works in general.  
 

 Figure 7. Typical paper machine with drying section. (Swedish 
Forest Industries Federation). 

 

Steam heated cylinders 
Two main types of steam heated cylinders are used for drying; the multi-cylinders and the 
Yankee cylinder. The first mentioned are the smallest (about 1.5-1.8 m in diameter) and as the 
name implies placed in series. The second is a lot bigger (about 4-6 m in diameter). 
Sometimes different combinations of these occur.  
 

                                                                          
11 Billerud 
12 Persson, K-E. 1996. 
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The steam enters the cylinders through centrally placed pipes in the ends. It is removed 
through the condensate outlet to a tank by pressure difference. How the condensate behaves 
inside the cylinder has proven to be crucial to the heat transfer. When the cylinder is in use, 
depending on speed, the condensate creates a ring inside it (on slow machines the condensate 
collects in a puddle at the bottom of the cylinder). This thin film oscillates and it is the 
thickness of and the turbulence in this layer which determines the heat transfer. Therefore it is 
of utmost importance that the removal of condensate is effective, since the thermal 
conductivity of water is low (about 0.6 
W/m2K).13  
 
The heat transfer through the cylinder to 
the paper sheet is determined by 
temperature difference and the heat 
transfer coefficient according to: 
 
P k A T= × ×Δ . Figure 8. Principle of drying cylinder. Steam is blown into the cylinder and 

condensate is blown out. (Swedish Forest Industry’s Education, 
Markaryd). 

 
To maximize heat transfer the 
temperature difference should be high, 
as would the heat transfer coefficient. 
 
Traditionally spoiler bars are used to create turbulence in high speed cylinders, where the film 
otherwise tends to stand almost still. 
 
To ensure that the condensate is removed, specially-designed siphon assemblies are used. 
These are attached to the cylinder surface and the condensate is blown out with help from the 
blow-through steam. The amount of blow-through steam is normally 10-20 % of total steam 
consumption in the cylinders. Theoretically it would be possible to remove the condensate by 
keeping a pressure difference between the cylinders and the condensate vessel, but in reality it 
is impossible to establish a difference that big. Normally the steam pressure in the cylinders is 
not higher than 2-4 bar.14  
 
The temperature at which steam condenses depends on the pressure of the system. At a higher 
pressure level, the saturation temperature increases and the latent heat released decreases. The 
heat transfer is therefore higher with higher pressure, but more steam has to be condensed for 
a given amount of heat released. 
 
One argument for not using super-heated steam in steam heat exchangers is that its 
temperature is not uniform and therefore can lead to temperature gradients over the heat 
surface area. Super-heated steam first has to be cooled to its saturation temperature before it 
condenses and can release the latent heat. The energy released before the steam reaches the 
saturation point is small compared to this latent heat. This is not a problem in a drying 
cylinder though, since the inside is covered with the previously mentioned condensate film. 
 
Condensation of saturated steam causes movement of the steam towards the wall, and the 
release of large quantities of latent heat right at the condensing surface. That is also a reason 
to why overall heat transfer rates are lower where superheated steam is present, even though 
the temperature difference is higher.  
                                                                          
13 Stenström, S., Ingvarsson, D.Värmeforsk, rapport #938. 
14 Gavelin, G. 1999. 
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A common problem at paper mills is that the cylinders become overheated when there are 
problems with the production, e.g. a web brake. When the web is put back there is risk for a 
new break if the cylinders are too hot. To reduce the time to get on with production after a 
stop, it is important to have an optimized steam control system. 
 
The most common way to control the dryness of the paper is to regulate the steam pressure 
inside the cylinders. This is done by regulating the control valve.  
 
Large variations in dryness affect the production by disturbing the calendering or packaging 
processes. Therefore it is important to keep the variations as small as possible to achieve high 
production rates. An easy way to explain that is that small variations in dryness make it 
possible to increase machine speed. To have a control valve that can adjust the steam pressure 
in small steps is a very good way to raise the efficiency.15  

Evaporator plant 
Except the drying section and the digester, the evaporator where liquor is 
evaporated to increase its dryness, is also a considerable steam consumer 
at a paper mill. The main reason to why the liquor is evaporated is to 
make it combustible in the recovery boiler. It is more economical to 
evaporate in several steps instead of once in the boiler. Black liquor is 
evaporated to a dryness of 68-80 %.16  
 
 

 
 

Figure 9. Principle of evaporator 
tube. (Andritz) The simplest form of 

evaporator is a vessel filled 
to a suitable level with liquor which is heated with steam 
pipes. The steam releases its latent heat to the liquor 
which starts to boil. The evaporated liquor rises and the 
liquor’s thickness increases. The evaporated liquor is 
extracted at the top and the thickened liquor is extracted 
at the bottom of the vessel. The steam rate is adjusted so 
that the boiling proceeds and the dryness of the liquor is 
held constant.17

Figure 10. Evaporator plant with black liquor 
tanks and evaporator tubes. (Andritz). 

 
In the Lamella Evaporator (Andritz), black liquor is fed to the bottom of the unit. A small 
circulation pump lifts the liquor to the top part. The liquor distribution system delivers black 
liquor evenly on the outer surfaces of all elements. Due to gravity, the liquor flows down as a 
film. Heat from condensing steam induces boiling of the liquor. Secondary vapour is extracted 
at the top of the evaporator tube. 
 
The amount of water to be evaporated is big at many mills and to reduce the steam 
production, several evaporators are connected serially. Steam directly from boilers is only 
used in the first tube. The liquor steam that evaporates there is then used as heating steam in 
the next tube, and so on. Every tube then works as condenser for the previous one. The last 
                                                                          
15 Slätteke, O. 2006. 
16 Ahlroth, Mikael. ÅF-Process AB. Secretary of the Swedish-Norwegian Recovery Boiler Committee. 
17 Kassberg, M. 1994. 
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tube is often connected to a water cooled condenser to take care of the last liquor steam. For 
this to function, pressure and temperature is gradually lowered in the tubes in the forward 
direction. When evaporating liquor there are some losses due to friction in pipes (pressure 
losses) and increasing boiling temperature (because of increasing dryness of the liquor). How 
many stages in the evaporator plant differ between the mills.18   
 
When evaporating black liquor the pressure in the first tubes is around 4 bars. It is important 
that the steam there is not too superheated, i.e. close to saturation. That is because the risk of 
covering on the surface of the tubes and therefore lowered heat transfer coefficient. Incoming 
live steam is often limited to 135-140ºC, but there are plants who can handle higher 
temperature.  
 
Many evaporators are also sensitive for varying load, especially low load. Some tubes can be 
too dry and covering on the surfaces becomes inevitable.   
 
 

                                                                          
18 Kassberg, M. 1994. 
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The steam conditioning process 
As mentioned in the introduction of this report, steam conditioning is about the functions 
where steam is adjusted to the desired pressure and temperature. This is done by specially 
designed valves which reduces pressure and desuperheats the steam by spraying water into the 
steam flow. To avoid damages on the valve caused by too high velocities or cavitation, the 
design of the valves is very important. In many cases, the steam has to be transported a 
considerable distance to the steam consumers of the process. The steam is then superheated to 
avoid pipe damages and the steam conditioning takes place at the end of that transport. The 
steam is also often passed through a turbine and the temperature of the extracted steam will 
therefore vary depending on flow. It then requires different amount of desuperheating.  
 
This is also important at extreme conditions such as a turbine trip, to avoid disturbances in 
production. A valve that can handle a big range of different flows, pressures and temperature 
will therefore minimize losses in production.19    
 

Figure 11. Typical simple CHP scheme with black liquor 
recovery boiler and steam turbine. (CCI Valve) 

Steam to the process is either 
transported through the turbine 
bypass valve, the turbine exhaust 
or by turbine extraction. The main 
difference is that the turbine 
bypass valve must regulate both 
pressure and temperature while the 
exhaust steam often only needs 
temperature regulation by 
desuperheating. Flow, pressure and 
temperature of course differ 
between sites. A typical situation can for 
example be steam at 60 bar and 480ºC. The bypass valve and the exhaust desuperheater, must 
all the time be able to deliver steam at the correct condition to the steam consumers. The 
bypass valve has the most exposed position, while the temperature changes can be substantial 
at for example a turbine trip.  
 
When modernizing mills today, by for example installation of a new boiler or turbine, the 
pressure- and temperature levels are the same as before. This is due to the limitations of 
piping and heat transfer surfaces, and the high costs exchanging these. 
 
It is possible to place the steam conditioning valves either before or after where the steam 
pipes from bypass and exhaust are connected. Steam from turbine extraction can be used for 
preheating feedwater. It is also used as process steam to steam consumers at a higher pressure 
level, than the back-pressure of the particular turbine.  

Difficulties 
The specified outlet enthalpy from back-pressure steam turbines is given at design conditions. 
Therefore the need of desuperheating is none or very low at that state. When the turbine load 
is lowered, the steam flow is reduced. At the same time, the temperature at the turbine outlet 
is higher. How the temperature varies depending on thermal load (steam flow) differs between 
different turbines, but data can be held from the manufacturer. 

                                                                          
19 CCI Valve. 
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One of the most difficult situations is when the steam flow is small through the valves. The 
injected water must be fully atomized which is more difficult 
at low velocities. At conditions when the turbine load is 
minimized, the superheat temperature (the difference 
between actual- and saturation temperature of steam at a 
given pressure) of the exhaust steam is higher. To avoid 
variations of the condition of the steam to the process, the 
desuperheater valve must be able to handle these small flows 
at higher temperature.  
 
If the exhaust steam from the turbine is close to saturation, 
more power will be generated at a given back-pressure. If the 
steam is close to saturation at design conditions, it is 
important that the desuperheater valve of the exhaust steam 
manages to keep the steam at that condition also at varying 
turbine load. If not, the steam to the steam consumers will 
vary in temperature depending on load. 

Figure 12. Example of how the 
temperature of exhaust steam 
varies with load. (CCI Valve).  
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Turbine model 
To exemplify how the condition of the exhaust steam affects the generated electricity, a 
computer model is built. In the model, the input data are inlet pressure and temperature. 
Outlet pressure, steam flow and isentropic efficiency can also be selected. Calculated output 
data are inlet and outlet enthalpy. Outlet steam temperature and superheat, as well as 
isentropic and real power generation is also shown. This enables to show and calculate the 
differences in power production, when approaching saturation temperature of turbine outlet 
steam.   
 
As base for the model, WinSteam 3.1 from Techware Engineering Applications, has been 
used. For those not familiar with this application, WinSteam is a program used for performing 
mass and energy balances. It provides thermodynamic and transport properties for steam and 
water. It can for example be used for calculating the performance of steam turbines, 
generators and heat exchangers. WinSteam uses the IAPWS-IF97 industrial formulations for 
steam properties. This is the industry standard for thermodynamic properties for steam and 
water, also used by CCI Valve.20  
 

Table 1. Nomenclature for turbine model. 
 

Short Description Notes 
H1 Inlet enthalpy [kJ/kg] 
S1 Inlet entropy [kJ/kg] 
S2s Outlet entropy (isentropic) [kJ/kg] 
H2s Outlet enthalpy (isentropic) [kJ/kg] 
Gs Generated power (isentropic) [kJ/kg] 
Gs/ton Generated power (isentropic) [MW/ton]
G Generated power (real) [kJ/kg] 
G/ton Generated power (real) [MW/ton]
GP Generated power (real) [MW] 
H2 Outlet enthalpy [kJ/kg] 
T2 Outlet temperature [ºC] 
T2sat Outlet saturation temperature [ºC] 
T2SH Outlet superheat [ºC] 
P1 Inlet pressure [bar] 
P2 Outlet pressure [bar] 
T1 Inlet temperature [ºC] 
Q Steam flow [ton/h] 
n Isentropic efficiency - 

 

                                                                          
20 See appendix 1 for data sheet with basic facts about WinSteam 
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By inserting inlet pressure and temperature (P1 and T1), outlet pressure (P2), steam flow (Q) 
and isentropic efficiency (n), it is possible to adjust the turbine to wanted state. The model 
should not be seen as an exact tool, but can be used for estimating differences in generated 
power by adjusting input data. This turbine model is built using SI units and the functions 
used in the model are shown in table 2.21

 Table 2. The turbine model 
programming in Excel. 

 

Turbine diagram
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The example from the turbine model makes it 
apparent that it is able to produce more power 
by lowering the superheat of outlet steam. Inlet 
data is 60 bar, 480 ºC at 100 ton/h. The back-
pressure is 3 bar.22
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Figure 13. Shows how the generated power from a steam turbine is 
lowered with increased superheat of outlet steam. Inlet data is 60 bar,  
480 ºC at 100 ton/h. The back-pressure is 3 bar. 

21 See appendix 2 for screenshots of the turbine model. 
22 Input data to this example is shown in appendix 2 
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Cases during operation 
The chosen mill, Gruvöns bruk, is situated at lake Vänern in the mid-west of Sweden. It is one 
of four mills included in the company Billerud. Production is focused on kraft paper and 
containerboard. 
 
The first case is an example from during normal operation. All steam consumers are working 
full-scale and the production is stable. The steam flow from the two boilers (recovery and 
bark) is near maximum and so is the turbine load. The trends are during one hour between 
9am -10am (May 14, 2006). The desired value (DV) of the temperature of the steam to the 
process is 212 ºC. The maximum temperature allowed is 250 ºC since this is the upper limit of 
what the steam pipes are designed for. Saturation point for steam at 10 bar is 180 ºC.  
 
The second case is an example from a more turbulent time at the mill. One of the two 
evaporators at site falls out, resulting in a stop of one of the paper machines. The trends are 
from during 36 hours, from 7pm on May 17 until 7 am on May 19, 2006. The desired values 
are the same. 
 
 
 
Figure is a steam scheme of 
Gruvöns bruk showing where 
the three measuring points of 
interest are positioned. The 
first is measuring the 
temperature of outgoing steam 
from the boilers. The second 
measures the turbine load and 
the third measures the 
temperature of the process 
steam. 
 
 
 
 
 
 
 
 

Figure 14. Shows a simplified steam scheme of Gruvöns bruk with 
three measuring points. 
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Case 1 
The results from the first case during normal operation at Gruvöns bruk show limited 
temperature variations of the process steam. The difference between the actual value (AV) 
and the desired value (212 ºC) is not exceeding 5 ºC at any time. When the turbine load is 
lowered the steam flow from the bark boiler decreases. 
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 Figure 15. Showing trends of steam data (10 bar) from Gruvöns bruk during one hour in May 
2006.  
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Case 2  

The results from the second case also show that the temperature of the process steam is 
mainly constant. There are big changes in steam flow, around 50 t/h in a few minutes, and the 
turbine load is reduced to 7 MW. The temperature at the turbine inlet is more varying than 
after the steam conditioning valve. 

Steam data Gruvön
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Figure 16. Showing trends of steam data (10 bar) from Gruvöns bruk during 36 hours in 
May 2006. 
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Discussion and conclusions 
The results from the turbine model show, as one with basic thermodynamic knowledge could 
have expected, that by lowering the superheat of outlet steam from the turbine, it is possible to 
produce more power. The problem is that power production isn’t the main purpose at sites 
like this. Since it is more important to deliver correctly conditioned steam to the different 
steam consumers at the mills, combined with the fact that steam conditioning at cases with 
large flows and high temperatures is not a problem, it is understandable that the outlet 
temperature is kept higher than needed.  
 
The conclusion is that savings can be made if the steam conditioning valves are able to handle 
steam close to saturation. Then the temperature of outlet steam can be lowered, and more 
power can be produced at a given back-pressure. If the valves also can handle small flows 
with larger need of desuperheating, this is also applicable at reduced turbine load.  
 
Especially at projects where new paper mills are planned to be built, it should be considered 
to install desuperheater valves that can handle small steam flows with little need of 
desuperheating. It is than possible to produce more power and increase the revenues. This is 
only possible though, if the turbines are designed for lower superheat of outlet steam.  
 
The first case from during operation is very stable. The temperature variations of the process 
steam are small and the actual value differs slightly from the desired value. The small 
variations of the steam flow may have several reasons. The operators can for example have 
been forced to reduce the turbine load due to problems inside the boilers. The turbine load can 
also have been reduced because of variations in the fuel, making it impossible to maintain the 
high flow. Another reason can of course have been that one of the steam consumers 
experienced problems and the regulators automatically reduced the steam flow. 
 
The reasons for the variations in steam flow and turbine load can be numerous. The important 
thing from the aspect of this report is that the condition of the process steam has been stable 
with small variations in temperature, despite these variations in steam flow. The temperature 
variations are smaller after the steam conditioning valve than at the turbine inlet. Variations in 
load are handled with reducing steam flow from bark boiler, as it is at most mills. 
 
The second case is a bigger challenge to the steam conditioning valve than the first. The steam 
flow is much more varying and also suddenly reduced because of the paper machine stop. 
Because of the reduced demand of the steam to the process, the turbine load is reduced. This 
leads, according to previously shown diagram, to higher temperature of outlet steam. Despite 
this turbulence, the temperature of the process steam is constant and close to the desired value 
at all times. No other steam consumers are bothered by the problems occurring here. 
Production is therefore alive, though of course degraded since a paper machine is not 
working. 
 
From the two examples that have been analyzed in this report, it can be concluded that the 
steam conditioning valves at Gruvöns bruk are doing what they’re there for. No problems 
keeping the process steam at the right condition have been seen. It should be noted that since 
this project was initiated, Gruvöns bruk has put a new turbine in production. At the same time, 
the turbine bypass valves and the desuperheaters were also exchanged. The data from the 
former valves have not been able to analyze.  
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At Gruvöns bruk there is no measuring of the temperature of the steam from the turbine 
outlet. Still, the same reasoning about approaching saturation temperatures as above is 
applicable in this case. During operation as in the first case, there seems to be no problems 
delivering correctly conditioned steam to the process. The maximum temperature allowed 
(250 ºC) is not approached and there are margin to the saturation point of steam at 10 bar (180 
ºC).  
 
Common for all steam consumers in this report is that they are all sensitive for variations in 
temperature. How sensitive and at what degree varies, but it is reasonable to believe that the 
smaller the variations in steam temperature are, the better the steam consumers operate.  
 
Because of the variations in the temperature of the steam, it is very difficult to measure 
efficiency. Steam conditioning is only a small part of a large system. To have reliable steam 
conditioning valves though seems to be a good way to keep paper production alive despite 
problems. If these valves are able to operate in many different situations, it is even better. At 
start-up of a boiler, a valve that can handle small flows is able to shorten start-up time. The 
pulp- and paper industry is the biggest energy user in Sweden. All mills are trying to reduce 
these costs and steam conditioning seems to be a part of that, by stabilizing the process. 
 
The purpose of the steam conditioning equipment is to deliver correctly conditioned steam to 
the steam consumers at all times. At sites like Gruvöns bruk, it is crucial to keep the 
production alive as much as possible. If problems occur with for example the feedwater pump 
or the fuel transportation equipment, it will affect the steam consumers and of course also the 
power production from the steam turbines. If the problems are of such a grade that steam 
production is stopped, the steam conditioners can do nothing about that. But if a steam 
consumer, for example a paper machine or a digester falls out of the chain, steam flow will 
quickly change. In these cases the task of the steam conditioners is very important to avoid a 
total stop at the mill. If this can be made at the same time as power production is maximized, 
the mills have won a lot.  
 
This report has been able to explain the complexity of steam conditioning at a pulp and paper 
mill. The problems that were thought to exist with variations in temperature of the process 
steam have not been found. If problems did exist, hypothetically speaking, there are some 
actions that can be taken. It has to be made sure that the valves are properly connected 
according to the supplier’s instructions. The feed water used for desuperheating has to be of 
proper quality. Many problems can be solved by proper regulation, why a careful control of 
the regulation system is important. 
 
The conclusions from this report are that;  
 

• If the steam conditioning valves are able to reduce small steam flows to the correct 
temperature, more power can be produced. The design condition of the steam turbines 
can than be nearer saturation. 

  
• The temperature variations are more critical at the turbine inlet than downstream the 

steam conditioning valves. The valves at Gruvöns bruk who are studied in this report, 
are fully functioning. 

 
• Common for the main steam consumers at pulp- and paper mills are that they are all 

sensitive for variations of steam temperature, especially high temperature.  
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Appendix 1 
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Appendix 2 
 
 
 
 
INPUT
Inlet pressure P1 bar 60 60 60 60 60 60 60 60 60 60 60
Inlet temperature T1 °C 480 480 480 480 480 480 480 480 480 480 480
Outlet pressure (back-pressure) P2 bar 3 3 3 3 3 3 3 3 3 3 3
Steam flow Q ton/h 100 100 100 100 100 100 100 100 100 100 100
Isentropic efficiency n 0,87215 0,85704 0,84207 0,82723 0,81249 0,79785 0,78329 0,76879 0,75435 0,73997 0,72564

OUTPUT
Inlet enthalpy H1 kJ/kg 3375,21 3375,21 3375,21 3375,21 3375,21 3375,21 3375,21 3375,21 3375,21 3375,21 3375,21
Inlet entropy S1 kJ/(kg*K) 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198

Outlet entropy (isentropic) S2s kJ/(kg*K) 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198 6,8198
Outlet enthalpy (isentropic) H2s kJ/kg 2655,04 2655,04 2655,04 2655,04 2655,04 2655,04 2655,04 2655,04 2655,04 2655,04 2655,04

Generated power (isentropic) Gs kJ/kg 720,171 720,171 720,171 720,171 720,171 720,171 720,171 720,171 720,171 720,171 720,171
Generated power (isentropic) Gs/ton MW/ton 0,20005 0,20005 0,20005 0,20005 0,20005 0,20005 0,20005 0,20005 0,20005 0,20005 0,20005
Generated power (real) G kJ/kg 628,099 617,215 606,436 595,75 585,135 574,59 564,1 553,659 543,264 532,906 522,582
Generated power (real) G/ton MW/ton 0,17447 0,17145 0,16845 0,16549 0,16254 0,15961 0,15669 0,15379 0,15091 0,14803 0,14516
Generated power (real) GP MW 17,45 17,14 16,85 16,55 16,25 15,96 15,67 15,38 15,09 14,80 14,52

Outlet enthalpy (real) H2 kJ/kg 2747,11 2757,99 2768,77 2779,46 2790,07 2800,62 2811,11 2821,55 2831,94 2842,3 2852,63
Outlet steam temperature T2 °C 143,525 148,525 153,526 158,525 163,526 168,525 173,525 178,526 183,525 188,525 193,525
Outlet saturation temperature T2sat °C 133,525 133,525 133,525 133,525 133,525 133,525 133,525 133,525 133,525 133,525 133,525
Outlet steam superheat T2SH °C 10 15 20 25 30 35 40 45 50 55 60
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