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World’s population and level of wellbeing is increasing continuously and consequently 

energy usage is rising. Energy efficiency improvement decreases energy consumption 

which lead to better energy supply security and emission gas reduction. Several factors 

affect energy efficiency but usually size of the impact is unknown. It is important to 

enhance awareness about affecting factors because with a better knowledge it is possible 

to evaluate how energy efficiency can be improved in a most efficient way. 

 

Changes in Finnish forest industry have affected energy consumption. Annual electricity 

consumption has decreased 1909 GWh during reviewed period (2011 ̶ 2017). The most 

significant reasons are lower production and energy efficiency improvement. Several 

reasons can be a cause of energy efficiency improvement, like unit closures, unit start-

ups, improved technology or more efficient modes of operation. The aim of this master’s 

thesis was to study how unit closures and start-ups affect energy efficiency of Finnish 

forest industry.   

 

Specific energy consumption values of Finnish forest industry mills were researched. 

These values were used for creating two scenarios. The first scenario assumed that no old 

units were closed, and production decrease was divided to 5 ̶ 10 mills. The second 

scenario assumed no new mills were started but mills were closed and the production for 

each year was left unchanged. The result was that during the reviewed period old mill 

closures have saved 105 GWh of electricity and 197 GWh heat, and new unit start-ups 

have decreased electricity consumption 175 GWh and 335 GWh of heat. 

 

During the reviewed period structural changes have led to electricity consumption 

decrease of 280 GWh which is 19% of the total energy efficiency improvement. Changes 

have saved heat even more than electricity. Still the most significant share of energy 

consumption decrease is caused by other factors. 
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Maailman populaatio ja hyvinvointi ovat jatkuvassa nousussa. Tämä näkyy energian-

kulutuksen kasvuna. Energiatehokkuuden parantaminen turvaa energiansaantia ja 

vähentää kasvihuonepäästöjä. Useat tekijät vaikuttavat energiatehokkuuteen, mutta 

yleensä vaikutusten suuruus ei ole tiedossa. Vaikuttavien tekijöiden tutkiminen on 

tärkeää, sillä energiatehokkuuden parantaminen on tehokkaampaa, kun käytössä on 

enemmän tietoa. 

 

Metsäteollisuuden muutokset ovat vaikuttaneet energiankulutukseen. Vuotuinen sähkön-

kulutus on laskenut 1909 GWh tarkastelujakson (2011 ̶ 2017) aikana. Merkittävimmät 

syyt laskulle ovat tuotannon pieneneminen ja energiatehokkuuden paraneminen. 

Energiatehokkuuden paraneminen voi johtua monesta syystä, kuten vanhojen tehtaiden 

sulkemisesta, uusien tehtaiden käynnistämisestä, tekniikan parantumisesta tai 

tehokkaammasta ajotavasta. Tämän työn tarkoituksena oli selvittää, miten vanhojen 

tehtaiden sulkeminen ja uusien käynnistäminen vaikuttavat Suomen metsäteollisuuden 

energiatehokkuuteen. 

 

Työssä etsittiin metsäteollisuuden tehtaiden ominaisenergiankulutukset, joiden avulla 

luotiin kaksi skenaariota. Ensimmäisessä skenaariossa tehtaiden sulkemisesta johtuva 

tuotannon vähenemä jaettiin usealle tehtaalle. Toisessa skenaariossa puolestaan uusien 

tehtaiden aiheuttama tuotannon kasvu jaettiin olemassa oleville yksiköille. Tulokseksi 

saatiin, että tarkastelujaksolla sulkemiset säästivät 105 GWh sähköä ja 197 GWh lämpöä. 

Uusien yksiköiden käynnistäminen säästi 175 GWh sähköä ja 335 GWh lämpöä. 

 

Metsäteollisuuden rakennemuutokset pienensivät tarkastelujakson aikana sähkönkulu-

tusta 280 GWh, mikä on 19 % energiatehokkuuden paranemisesta johtuvasta sähkön-

kulutuksen laskusta. Lämmönsäästö oli vielä suurempi. Merkittävä osa energian-

kulutuksen laskusta johtuu kuitenkin muista syistä.  
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ABBREVIATIONS 

ADt Air dry ton 

BAT Best available technology 

BCTMP Bleached chemi-thermomechanical-pulp 

BFB Bubbling fluidized bed 

BLI Black liqour impregation 

BSKP Bleached softwood kraft pulp 

BHKP Bleached hardwood kraft pulp 

CaCO3 Calcium carbonate 

Ca(OH)2 Calcium hydroxide 

CaO Calcium oxide 

CFB Circulationg fluidized bed 

ClO2 Chlorine dioxide 

CMP Chemi-mechanical pulp 

CO2 Carbondioxide 

CSF Canadian standard freeness 

ECF Elementary chlorine free 

EMAS  Eco-Management and Audit Scheme 

EMCC Extended modified continuous cooking 

GDP Gross domestic product 

GW Groundwood 

H2O Water 

H2O2 Peroxide 

IPPC Integrated Pollution Prevention and Control 

ITC Isothermal cooking 

NaOH Sodium hydroxide 

Na2CO3 Sodium carbonate 

Na2S Sodium sulphite 

Na2SO4 Sodium sulphate 

NSSC Neutral sulfite semi chemical 

O2 Oxygen 

O3 Ozone 
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PGW Pressure groundwood 

RCF Recycled fiber 

RDH Rapid displacement heating 

RMP Refiner mechanical pulp 

S2O4
-2 Dithionite 

SO2 Sulphur dioxide 

TCF Totally chlorine free 

tds Tons of dry solid 

TGW Thermal groundwood 

TMP Thermomechanical pulp 
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1 INTRODUCTION 

Forest industry has a significant position in the world. Forest industry products, like 

paper, paperboard or sawn wood, are a part of people’s everyday life. Consumption of 

forest industry products is high, for example paper and paperboard consumption was 400 

million tons and sawn wood consumption 452 million m2 in 2015 (FAO, 2017a; FAO 

2017b). Forest industry is going through a structural change. Demand of many products, 

like fine paper and newsprint, is decreasing but at the same time demand of other products 

is increasing. Demand of forest industry products has increased most notable in Asia due 

to improved wellbeing. Efforts to reduce emissions and increase new bioproducts 

production have amplified the structural change. 

Producing lots of paper, pulp and wooden products needs a lot of mills, energy and raw 

materials. Production also causes emissions to the air and water. Improving energy 

efficiency is the most effective way to reduce energy consumption with comparatively 

low costs. Reducing energy usage and especially greenhouse gas emissions are currently 

important issues to improve energy supply security and prevent global warming. Energy 

intensive industries have a high potential when energy saving and emission reduction are 

considered. That is because manufacturing industry covers even one third of world’s 

energy consumption (Fracaro et al. 2017, p. 3551).  

Energy efficiency means an ability to produce high number of products with a low amount 

of energy. Each forest industry mill is unique and therefore evaluating energy efficiency 

is challenging. Products are different and even when products are similar, mills may 

utilize different processes and technologies. Several factors, like mill age and size, 

production rate and used technologies, affect energy efficiency. In many cases, energy 

efficiency is evaluated using mill’s energy consumption values. Even more factors are 

affecting energy consumption than energy efficiency. For example, type of product and 

climate conditions can change energy consumption. Energy consumption values have to 

be compared with similar mills' consumption to obtain reliable information about energy 

efficiency. 

Energy efficiency and structure of Finnish forest industry have changed. Energy 

consumption has decreased continuously, and several factors could have been affecting. 



10 

 

These factors are, for example, different type of products, production rate and improved 

technology. Structural changes have been a visible trend during 2000s. Some old units 

have been closed. Usually the publicly declared reason for closures has been the 

unprofitability of the unit. At the same time new units have been started up. It could be 

assumed that old units have worse energy efficiency than newer ones and energy 

efficiency has improved due to structural changes, but there is no certainty.  

Energy efficiency development over time of Finnish forest industry is the focus of this 

thesis. The main object is to find out how structural changes of forest industry affects the 

total energy efficiency of Finnish forest industry. It is important to know what factors are 

affecting the energy efficiency and how much. With a better awareness it is possible to 

evaluate how the energy efficiency can be improved in a most efficient way. In this 

research there are three main research questions: 

1. How old unit closures and capacity decreases affect the total energy efficiency 

of Finnish forest industry? 

2. How new unit start-ups and capacity increases affect the total energy efficiency 

of Finnish forest industry? 

3. How much the structural changes affect the total energy efficiency? 

Reviewed period is years from 2011 to 2017. Years 2008 and 2009 were abnormal due to 

the economic crisis. This prompted a large number of mill closures. Energy usage data is 

better after 2010 than before it. Chemical forest industry is the focus of this research 

because chemical forest industry production and its mills are larger than mechanical forest 

industry mills. Energy consumption of chemical forest industry is almost ten times higher 

than energy consumption of mechanical forest industry in Finland (Finnish Forest 

Industries, 2018). 

The research is done utilizing energy consumptions of production units. Depending on 

the mill site it can contain one or several units. Typical energy consumption values of 

units can be found easier for chemical pulp and paper industry but for mechanical forest 

industry units and converting units the data is more scare. Every pulp and paper unit in 

Finland is included. The whole mechanical forest industry will be considered but no 

single units can be reviewed.  
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The challenge of this thesis is to find for each mill as realistic energy consumption values 

as possible and that is why several references will be used. Environmental permits of 

mills and environmental reports made by Finnish forest industry will be utilized. In those 

often energy consumption is shown. EMAS (Eco-Management and Audit Scheme) and 

environmental reports of Finnish pulp and paper companies contain energy consumption 

data. Lappeenranta University of Technology students do thesis related to energy usage 

in pulp and paper mills regularly. Where possible, articles are also used. All cites values 

are compared to typical energy consumption values. Using collected values as reliable 

consumptions as possible will be defined for every chemical forest industry mill.   

Using derived mill energy consumption values two scenarios will be made. The first 

scenario assumes that no mills were closed, but new mills were built and the production 

level for each year remained the same. The second scenario assumes no new mills were 

started but mills were closed and the production for each year was the unchanged. For the 

production to stay constant, production decrease and increase needs to be divided to other 

mills which are as similar as possible with actual closed or started units. For example, if 

paper mill producing magazine paper is closed, the production decrease is divided to other 

mills producing magazine paper. When production changes are divided to mills, then the 

total energy consumption is calculated. After that, the calculated energy consumption is 

compared to actual yearly values from Finnish Forest Industry database. This allows 

answering to the question; how closures and start-ups affect energy consumption and 

energy efficiency. 

This thesis consists of three main parts. Firstly, a literature review offers background 

information about forest industry. Chapter 2 presents current state of global and Finnish 

forest industry. Chapter 3 introduces different products of forest industry and 

manufacturing technologies. Chapter 4 and chapter 5 present energy demand and supply 

of forest industry. Chapter 6 declares basics about energy efficiency. Secondly, the 

research part tries to find answer to the research questions. Chapter 7 presents the 

backgrounds and results of the research. Thirdly, discussion in chapter 8 analyses 

received results and possible errors. 
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2 CURRENT STATE OF FOREST INDUSTRY 

Forest industry is one of the most important industrial areas. Many useful products are 

made from wood. Paper has been an important product for humans’ communication and 

wooden products have been used for building houses for a long time. In addition to many 

significant products, forest industry is an important employer. Residues of forest industry 

can be used for energy production, which increases the amount of used renewable energy. 

The current state of forest industry will be introduced in this chapter. Especially 

production and consumption will be presented globally and in Finland. Importance, 

energy demand, environmental impacts and the future will be examined at the Finnish 

level. 

2.1 Global trends 

The global state of forest industry with some important numbers will be described in this 

section. The amount of production and consumption are introduced. There are also some 

trends concerning forest industry. Many global phenomena such as increase of global 

wellbeing or globalization affect forest industry. Due to these trends the need of certain 

forest industry products is changing. Some of these trends are introduced in this part.  

2.1.1 Capacity and production of forest industry products 

There is a difference between capacity and production. Capacity does not include 

unexpected shutdowns or other factors that decrease possible production. The capacity 

describes how much is possible to produce and production tells how much has produced. 

Especially capacity and production of pulps and final products of chemical forest industry 

are introduced in this part.  

The total production of wood pulp was 176 million tons in 2015. The largest producers 

were USA (49 million tons), Brazil (18 million tons) and Canada (18 million tons).  About 

14% (25 million tons) of the total amount of wood pulp was mechanical pulp and 77% 

(135 million tons) was chemical pulp. Chemical pulp consists of sulphite and sulphate 

pulp. The sulphate pulp is much more produced than sulphite pulp. The other fiber pulp 

was produced 13 million tons and leading producers were China (7 million tons) and India 

(2 million tons). (FAO, 2017a)  
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Capacity of pulp mills has been increasing strongly, as can be seen in figure 1. Especially 

capacity of mills in Asia and South-America have increased. The larger mills have 

become popular because of lower investment and manufacturing costs per produced pulp 

unit. Capacity of mill is usually expressed using unit tons/day. Modern mills can have 

capacity of even 10 000 tons/day.  

 

Figure 1. Capacity of pulp mills from 1985 to 2010. (Vakkilainen & Kivistö, 2017, p. 

31−32) 

 

Paper and paperboard production have grown strongly in Asia and during 2000 century 

Asia has become the world largest producer. Asia produces about 200 million tons of 

paper and paperboard in a year. The total yearly amount of produced paper and 

paperboard in the world is about 400 million tons. The production is presented in figure 

2. Net trade is also presented on the right side of figure. The trade displays relation 

between production and consumption. Northern America and Europe produce more than 

they consume. The consumption is higher than production in Africa, Asia and Latin 

America.  
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Figure 2.  Paper and paperboard production (left) and net trade (right) in the continentals.  

(FAO, 2017b, p. 12) 

 

In addition to comparing production volumes and producer countries, it is interesting to 

compare differences between productions of different paper grades. The production rate 

of different paper and paperboard grades are presented in figure 3. Firstly, it is possible 

to see that the total production rate of paper and paperboard has been growing all the time 

if some small exceptions are not taken into account. One important reason for the increase 

of the production is the grown need for paper products especially in Asia due to improved 

wellbeing. It is also possible to see changes with certain paper grades. The amount of 

paperboard has increased strongly. The significant reason for that is global markets. Many 

products are offered from online shops. When these products are delivered to the other 

side of the world, a huge amount of packaging material is needed. The production of 

printing and writing paper has decreased. Currently almost everything can be read from 

the internet and that is the reason for lower need of these paper grades. 
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Figure 3. Production of different paper and paperboard species from 1990 to 2015. 

(Finnish Forest Industries, 2018a)   

 

Sawn wood is the most manufactured product in a field of mechanical forest industry. 

The number of produced sawn wood was 452 million m2 in 2015. The largest producers 

were USA (77 million m2), China (74 million m2) and Canada (47 million m2). Wood-

based panels are another category of mechanical forest industry product. The produced 

amount of this product was 400 million m2 in 2015 and the largest producers were China 

(201 million m2), USA (34 million m2) and Russia (14 million m2). (FAO, 2017a) Have 

to be noticed that China produces even half of the total production of wood-based panels 

in the world.  

2.1.2 Consumption of forest industry products 

Consumption of paper and paperboard has risen strongly, as presented in figure 4. The 

consumption was about 75 million tons in a year in 1961 and in 2016 it has grown to be 

over 300 million tons higher. The strongest increase has occurred in Asia that is now 

clearly the largest consumer in the world. Higher paper product consumption has led to 

increase of pulp consumption. 
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Figure 4. Global consumption of paper and paperboard from 1961 to 2016. (Finnish 

Forest Industries, 2018a) 

 

Considering mechanical forest industry, the most interesting numbers are consumptions 

of sawn wood and wood-based panels. The consumption of sawn wood was 315 million 

m2 in 2015. Two countries consumed almost 40% of the total consumption. These 

countries were USA (75 million m2) and China (48 million m2). The consumption of 

wood-based panels was 393 million m2 in 2015 and China was clearly the largest 

consumer with a consumption of 189 million m2. (FAO, 2017a) 

2.2 Finnish trends 

Forest industry is one of the most significant type of manufacturing in Finland. It offers 

employment for many people, and the forest industry products are one of the most 

important export products. In 2017 there were 155 forest industry mills in Finland 

(Finnish Forest Industries, 2018), and Finland is one of the largest forest industry 

producers in Europe.  

2.2.1 Importance 

Even two thirds of Finnish area is covered by forests. That is an important reason why 

forest industry has a notable foothold when the wellbeing of the country is thought. 

Products of forest industry are one of the most important export products in this country. 

Pulp and paper mills, saws, harvesting the forests, et cetera, offer a job for many Finnish 
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persons. Many other types of industry, like chemical industry or manufacturers of devices 

used in forest industry, benefit from wide forest industry. (Seppälä, 2001, p. 11)  

There is a connection between a wellbeing of regions and forest industry. In 2016 South 

Karelian was the most intensive forest industry region, and even 69% of its gross value 

of manufacturing and 43% of manufacturing employment was from the forest industry. 

Forest industry was the second-largest employer in Finland in 2017 (42 000 employees) 

which means that 14% of manufacturing employment was from the forest industry. Gross 

value of manufacturing in Finland was 104.2 million euros in 2016. Almost 20% (20.3 

million euros) of that was from forest industry. Forest industry also accounts about 20% 

of export in Finland. (Finnish forest industries, 2018) 

Considering all the Finnish export products, paper and paperboard were the largest 

product category with a value of 6.9 billion euros in 2017. Pulp was on the fifth place and 

sawn wood on the sixth place. Most of the products were exported to Europe, especially 

to Germany and Great Britain. China was also an important export market. Amount of 

exported paper and paperboard have been slightly decreasing. By contrast with exporting 

paper products, exporting pulp has been increasing. If a period from 2010 to 2017 is 

considered, decrease of paper and paperboard exporting have been about 10% and 

increase of pulp exporting has been even 65%. (Finnish Forest Industries, 2018) 

2.2.2 Production and mill units 

The production of Finnish forest industry consists of mechanical and chemical forest 

industry. The volumes of the most important forest industry products in Finland are 

presented in table 1. Sawn wood and paper products are manufactured with the highest 

volume.  

Table 1. Production of Finnish forest industry in 2017. (Finnish Forest Industries, 2018) 

Product Unit Amount 

Sawn softwood 1000 m3 11700 

Plywood 1000 m3 1240 

Chemical pulp 1000 t 7710 

Paper 1000 t 6650 

Paperboard 1000 t 3620 

Total paper and paperboard 1000 t 10270 
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Development of production volumes of forest industry from 1960 to 2015 is presented in 

figure 5. It is possible to see some trends in the figure. Production volume of paper is 

decreased notably during 2010s. The most important reason for this decrease is lower 

usage of newspapers, magazines, et cetera. As mentioned before, almost everything is 

possible to read from internet. The amount of the other product seems to be increasing. 

The one reason of this phenomenon is that demand of products is increasing after 

economic crisis (2009) due to normalization of economy. In addition, increased need of 

board is result from online shops with global production, as noticed before. 

Not only economic crisis but also economic growth has affected production. Demand of 

forest industry products has been growing and prices of products are higher than recent 

years. This trend has led to increasing production and export. Everything but paper 

production has increased in Finland in 2018 compared to previous year. Demand and 

production of pulp have risen most. It is estimated that export of pulp has increase 13% 

and price of export products 15% when years 2017 and 2018 are compared. The estimate 

for growth of pulp production is 8%. (Viitanen & Hänninen, 2018, p. 3) Figure 5 present 

trend only until 2015 but trends have kept similar also after that year. 

 

Figure 5. Production volumes of Finnish forest industry from 1960 to 2015. (Finnish 

Forest Industries, 2018) 
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Finnish forest industry produced 10.45 million tons of wood pulp in 2015. Amounts of 

different pulp products are presented in figure 6. Even 61% of produced pulp was 

bleached sulphate pulp. In addition to that, 5% of total pulp was unbleached sulphate 

pulp, so nearly 70% of all pulp was sulphate pulp. (FAO, 2017a) Sulphite pulp has not 

been produced in Finland after 1992 due to small mill sizes, high environmental impacts, 

old technology, decreased demand and unilateral need of raw material (Seppälä, 2001, p. 

13). Just under a third was mechanical wood pulp. The remaining 7% was semi-chemical 

pulp (5%) and dissolving pulp (2%). In addition to wood pulp, also other fiber pulp and 

recovered paper are used as a raw material for paper and paperboard in Finland. Other 

fiber pulp was produced 0.081 million tons and recovered paper 0.613 million tons in 

2015. (FAO, 2017a) 

There are several chemical forest industry mills producing different pulp grades in 

Finland. Sulphate pulp is produced, for example, in Oulu and Veitsiluoto (Stora Enso a, 

b). Semi-chemical pulp is produced, for example, in Heinola where the pulp is a raw 

material of fluting (Stora Enso, c). Joutseno and Kaskinen are only mills producing 

bleached chemi-thermomechanical pulp (BCTMP) (Metsä Fibre, a, Metsä Board). 

Dissolving pulp is produced among sulphate pulp in Eno (Stora Enso, d). 

 

Figure 6. Wood pulp production in Finland. (Data from FAO, 2017a) 
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Currently there are 17 paper mills, 14 paperboard mills and 18 pulp mills in Finland 

(Finnish Forest Industries, 2018). The mills and their locations are presented in figure 7. 

In many cases pulp mill and paper or paperboard mill are located in the same site, as can 

be seen in the figure. Integrated mills are typical feature of Finnish pulp and paper 

industry. Pulping mills shown in the figure are chemical pulping mills or semi-chemical 

pulping mills. Mechanical pulping mills are not counted to pulping mills in this case. 

Usually mechanical pulping mills in Finland are not individual mills but beside many 

paper or paperboard mills. For example, paperboard mill in Simpele produces 

groundwood to be used as raw material of paperboard and mill in Jämsänkoski produces 

refiner to raw material of paper (Seppälä, 2001, p. 13). 

Finnish chemical forest industry has three main owners of mills. Stora Enso owns 14 

mills, Metsä Group 12 mills and UPM-Kymmene Oyj 9 mills (Finnish Forest Industries, 

2018). That means over 70% of all pulp, paper and paperboard mills are owned by these 

three companies. 

 

Figure 7. Pulp (blue), paper (red) and paperboard (green) mills in Finland. (Finnish 

Forest Industries, 2018) 
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Variable size of mills makes reviewing mechanical forest industry mills challenging. 

Some sawn mills, for example, are such small that they are not included in any statistics. 

However, it is clear there are dozens of mills producing sawn wood and wood-based 

panels in Finland. Examination of certain mills is not as important as examination of 

overall mechanical forest industry. Sawn wood production and wood-based panels 

production have been increasing in Finland during recent years (figure 5), and future of 

these products seems bright.  

2.2.3 Energy consumption 

The total energy consumption in Finland was 378 TWh in 2015. Distribution of this 

consumed energy is shown in figure 8. As can be seen, forest industry consumed 24% of 

the total energy usage. That means about 90 TWh per year. In the field of industry, forest 

industry is the most energy intensive. Other industry types do not consume as much 

energy together as forest industry consumes alone. 

 

Figure 8. Energy consumption in Finland in 2015. (Finnish Forest Industries, 2018b) 

 

Fourth of all generated primary energy is from wood in Finland. 45% of Finnish 

bioenergy is made by forest industry. (Vakkilainen & Kivistö, 2017, p. 90) Fuels used in 

Finnish forest industry are presented in figure 9. 83% of fuels are biofuels so can be said 

that the forest industry is renewable intensive type of industry.  
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Figure 9. Fuels used in Finnish forest industry. (Data from Finnish Forest Industries, 

2018b) 

 

2.2.4 Environmental impacts 

Forest industry causes emissions to the water and air. Chemical forest industry causes 

more environmental impacts than mechanical forest industry due to more complicated 

processes with many chemicals. Chemical forest industry causes oxygen-consuming 

loads to the waters. It also causes especially sulphur dioxide and nitrogen oxide emissions 

to the air. Sulphur dioxide emissions come into being during pulping process and nitrogen 

oxides during energy production and logistic. These emissions can cause acidification of 

the water and soil. Nitrogen oxides can increase amount of aquatic vegetation 

undesirably. Carbon dioxide, which is greenhouse gas, is also formed especially during 

energy production. Some particles can be released into the air. Mechanical forest industry 

loads environment fewer, and mainly noise, odours and dust are formed. (Ikonen, 2012, 

p. 47) 

During recent decades, mitigation of environmental impacts has been important target in 

Finland. Finnish forest industry invested 338 million euros to improve environmental 

protection between years 2008 and 2017. 853 million euros was consumed for using 

technology that saves environment, like wastewater treatment plants. (Finnish Forest 

Industries, 2018) Environmental investments have been effective as can be seen in figure 

10. Year 1992 is a basic level in the figure. Even if pulp, paper and paperboard production 
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has increased, all emissions to the air have been reduced. Especially amount of particles 

and sulphur dioxide have decreased strongly.  

 

Figure 10. Pulp and paper production emissions to the air. (Finnish Forest Industries, 

2018) 

2.2.5 Finnish forest industry in the future 

The structure of forest industry is changing. A high amount of production has moved to 

Asia and this trend will probably continue in the future. Demand of some product grades, 

like newsprint, has decreased and some products, such as packaging materials, are more 

demanded than ever before. In addition, tightened environmental requirements will affect 

forest industry. Finnish forest industry must adapt itself to changing conditions to retain 

its possession. 

Quality rate will probably increase in Finnish forest industry. New, innovative products 

will be developed. One example of new products is nanocellulose. Nanocellulose is 

cellulose that is chopped into tiny particles. Fibre length of nanocellulose can be 5∙10-8 

m. Nanocellulose has special physical and chemical properties and, for example, 

exceptionally strong paper can be made from it. (Finnish Forest Association, 2014) 

Wooden products may also replace plastic materials in the future. For example, composite 

materials that consist of wood and plastic, are more environment friendly than materials 

consisting only of plastic. Some textiles can be made using wood fibres. In addition, smart 
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packages will be a future product. Besides advanced paper products, producing biofuels 

is also increasing field.  

Tightened environmental requirements will also be visible in Finnish forest industry. New 

technology will be used for reducing amount of emissions and producing energy. Energy 

efficiency will be improved also to save energy costs. It is possible that chemical forest 

industry will not use any fossil fuels anymore in the future. That is possible, for example, 

with mill’s own gasification station that is used for modifying wood residues to gaseous 

state. (Ikonen, 2012, p. 43)    
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3 TECHNOLOGY OF CHEMICAL FOREST INDUSTRY 

Wood is a versatile material that is used as a raw material of many products. Forest 

industry consists of a large number of different products and different processes. In the 

beginning of this chapter wood as a raw material and different products will be presented. 

Technology used in forest industry can be complex and used processes consists of many 

stages. Chemical pulping has the highest number of stages. Principles of those stages will 

be introduced in this chapter as well as technology used in mechanical pulping and paper 

and paperboard production. Mechanical forest industry products do not have as 

complicated manufacturing processes as chemical forest industry products have. Basics 

of sawn wood and wood-based panels production will be introduced briefly.   

3.1 Classification of forest industry 

Forest industry can be divided into chemical and mechanical forest industry. Chemical 

forest industry consists of pulp and paper industry.  Mechanical forest industry can be 

called wood product industry. Saw products and wood-based panels such as plywood and 

fibreboard are examples of wood products. (Finnish Forest Association, b) Classification 

of forest industry is shown in figure 11. Besides products presented in the figure, many 

other products, like tall oil, turpentine, biofuels and pellets, include in forest industry.  

 

Figure 11. Classification of forest industry. (Modified from: Vakkilainen & Kivistö, 

2017, p. 16)  
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3.1.1 Chemical forest industry 

Pulp is a raw material of papers and paperboards. Pulp can be produced by various 

processes from different raw materials. Every pulp grade has its own properties. Different 

pulp grades are used as a raw material of different paper grades. For example, same pulp 

is not used as a raw material of fine paper and newsprint. Pulp can be produced by 

chemical and mechanical processes, or the manufacturing process can be a mixture of 

chemical and mechanical stages. Alongside the more traditional wood fibre-based 

processes, it is possible to use non-wood or recycled materials.  

There are two possible ways to produce chemical pulp: sulphate (kraft) and sulphite 

pulping. Both processes base on cooking with chemicals to separate wood fibres, but used 

chemicals are different. Sulphate pulping process utilize alkaline cooking liquor. In this 

cooking process, sodium sulphide (Na2S) and sodium hydroxide (NaOH) are active 

chemicals. An aqueous sulphur dioxide is the most important chemical in the sulphite 

cooking process. Chemical pulping uses wood as a raw material. Wood can be either 

softwood or hardwood. (Kramer et al., 2009, p. 14, 16) 

Wood species can be classified to soft- and hardwoods by their properties. Pine and spruce 

are the most common examples of softwood, especially in Europe. The other continents 

have their own softwood species like balsam. (Vakkilainen & Kivistö, 2017, p. 14) The 

fibres of softwood are long, about 3 mm. Because of the long fibres, softwood can be 

used as a reinforcement material. Different bags and boxes are typical products made 

from softwood. The most significant hardwood species are birch and eucalyptus. Some 

other species like aspen, oak, poplar and beech are also used. The length of hardwood 

fibres is shorter than softwood fibres, about 1 mm. Hardwood pulp can be used to achieve 

bulk. Smoothness and opacity are also typical properties of hardwood. Because of good 

opacity, hardwood can be used, for example, as a raw material of printing papers. (CEPI) 

Wood consists mainly of cellulose, hemicellulose, lignin and extracts. Typically shares 

of the dry solids of cellulose, hemicellulose, lignin and extracts are 40−45%, 25−35%, 

25−30% and 5%. In addition, there is also 0.5% of ash and other inorganic materials. 

Moisture content of wood is about 55%. Different wood species have different 

percentages. (Alén, 2010) Cellulose and hemicellulose are main components of pulp. That 
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mean the more there are cellulose and hemicellulose in wood, the higher is the yield of 

pulp. (Vakkilainen & Kivistö, 2017, p. 14) Lignin is material that keeps wood fibres 

together. Fibres have to be separated during any pulping process. Lignin also causes 

undesirable colour in pulp, so it is tried to remove. The amount of lignin after cooking is 

indicated with kappa number.  

Besides chemical pulping, mechanical pulping is another way to produce pulp. 

Mechanical pulping processes base on separation of wood fibres using mechanical 

energy. The heat generated by friction during mechanical stress makes lignin softer. 

Softened lignin eases the separation process. Heat and chemical treatments can also be 

utilized during the mechanical pulping process. Mechanical pulping can be divided into 

two main types: grinding and refining. 

Sometimes advantages of chemical and mechanical processes are combined. The mixture 

processes can be called semi-chemical or chemi-mechanical pulping. An example of 

semi-chemical process is a neutral sulphite semi chemical pulping (NSSC). In this 

pulping process, wood fibres are softened with chemicals and high temperature before 

refining. (Vakkilainen & Kivistö, 2017, p. 18) Chemi-thermomechanical pulping 

(CTMP) is as well an example of combined process. In CTMP technology heat and 

chemical treatment is followed by mechanical stage. (Lönnberg & Sundholm, 2009, p. 

20) 

Not all pulp is made from virgin fibres. Recycled fibres are also utilized in paper industry. 

Depends on the location of the pulp mill whether the utilization of recycled fibres is 

reasonable. Central Europe is a densely-populated area and consequently much paper can 

be recycled in there. In Finland, recycling paper is inefficient solution because of small 

population and the fact that the most of paper made in Finland is exported to other 

countries. Recycled fibres are usually used for making packaging materials and 

newsprints. (Finnish Forest Industries, 2017) 

Besides wood and recycled materials, also non-wood materials can be utilized for 

pulping. Non-wood materials are not wood but something else usable for pulping. The 

most typical non-wood materials are bagasse, bamboo, straw residue, hemp, grass and 

cotton. The problems with non-wood materials are high silicon concentration and 
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chemical consumption together with low fibre yield. (Vakkilainen & Kivistö, 2017, p. 14, 

56) 

Pulping processes were introduced previously. Pulp is a raw material of paper products. 

Not all paper and paperboard grades are made from same raw materials. The most 

common paper and paperboard grades and some requirements that the final product can 

cause to the raw material are introduced next in this chapter. 

A couple of factors have to be taken into account when paper is produced. First, the raw 

material has to be chosen. Mechanical and chemical pulps have different properties. Paper 

made from mechanical pulp has good printing properties. Advantage of chemical pulp is 

its strength properties. Mechanical pulp is cheaper than chemical pulp, but it has worse 

resistance against aging. Additive materials can be added to pulp. In addition to raw 

material, used process stages affect properties of the product. Some paper grades require 

bleaching stage but not all. After actual paper making process, some aftertreatments, such 

as coating and calendaring, can be used.  

Paper grade used for producing newspapers is called newsprint. In typical use newspapers 

must last only day or two and therefore the quality requirements are low. Newsprint 

require good printability and opacity with a low price. Also, turning yellow is not a 

problem. Due to its requirements, the most of newsprint’s raw material can be mechanical 

pulp. Also, pulp made from recycled fibres can be used for newsprint production.  

Packaging materials can be either paper or paperboard. Purpose of packaging materials is 

to protect packed products. Basic requirements of packaging materials are strength and 

durability. Additional requirements are determined by packed product. For example, food 

packages require high hygiene and protection against moisture. Many pulp grades can be 

used for producing packaging materials. For example, CTMP is often used for liquid 

packages. (Lönnberg & Sundholm, 2009, p. 22)   

Tissue papers are a category that includes toilet and kitchen papers. The most important 

property of tissue paper is an ability to absorb water. (Finnish Forest Association, a) 

Tissue papers are usually made from mixture of chemical pulps and recycled fibres 

(Kramer, 2009, p. 14). 
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Alongside the newsprints, some other paper grades are also intended to printing and 

writing. As newsprints, magazine papers contain also a high amount of mechanical mass. 

The main difference between newsprint and magazine paper is that magazine papers can 

be coated or calendared. Lightweight printing paper, fine paper and wood-free paper are 

also common paper grades. Fine paper is used, for example, high-quality printing papers 

and it can contain only 10% of mechanical pulp. Wood-free papers does not include 

mechanical pulp at all.  

There are some special papers in addition to the most typical papers. This category 

includes, for example, insulation papers, wallpaper base papers and envelope papers. 

(Finnish Forest Association) Packaging papers could also be classified to this category 

but they are introduced with other packaging materials in this thesis.  

3.1.2 Mechanical forest industry 

Mechanical forest industry means making wooden products mechanically. The most 

common products of mechanical forest industry are sawn wood and wood-based panels 

like plywood, fibreboard, particle boards and veneer sheets.  

Logs are the raw material of sawn wood. They can be either softwood or hardwood. The 

logs must be debarked before cutting. Sawn woods are cut into different sizes and shapes. 

The entire log cannot be used for producing sawn wood and about half of it will transform 

to leftover sawdust, chips and bark. The bark can be fired to produce energy, chips are 

used as a raw material of chemical pulp and sawdust can be utilized in a both ways. The 

sawn wood is a common and important material, and for example house building can 

utilize it as a raw material. (Vakkilainen & Kivistö, 2017, p. 85) 

Plywood is made by gluing veneer sheets on the top of each other with resin. Plywood is 

a composite material that consist of wood and resin. Thickness of one veneer varies from 

0.2 to 3.2 mm. The raw material of veneer and plywood can be either softwood or 

hardwood. Properties of plywood are similar with wood. Advantages of plywood, such 

as strength, stiffness, impact-resistance and wide product variation, are results from the 

manufacturing process. Plywood is a raw material of house- and shipbuilding and 

transportation. (Puuinfo, a) 
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Fibreboard is made from wood fibres jointed together. Usually wooden material on the 

surface of fibreboard is finer than inside. That is because the surface must be smooth. 

Glue and other additives can be used to improve products properties. As plywood, 

fibreboard has also similar properties than wood and some extra advantages like thermal 

insulation, ease to work and low price. (Puuinfo, b) Particle board is similar material than 

fibreboard. Particle board is made from wooden chips and glued by pressing. (Puuinfo, 

c) 

3.1.3 Other products 

Chemical and mechanical forest industry production creates some by-products that can 

be utilized. There is an effort to be able to use all parts of wood. Some parts are used for 

energy production, but others can be used as a raw material of products. 

Tall oil and turpentine are by-products of sulphate pulping process. Tall oil can be utilized 

in many ways. It is widely used for detergents, like liquid pine soup, and paints 

production. It can be used also for food products. Plant sterols and stanols, that decrease 

cholesterol, can be made from tall oil. In addition, tall oil is utilized for producing inks, 

wall coatings, veneers and adhesives. (Kiimalainen) Turpentine is used for paint and 

lacquer industry as a solvent or thinner. It is also raw material of medicines and perfumes. 

Tall oil and turpentine were produced slightly over 60 000 tons in 2010. (Ikonen, 2012, 

p. 27−28) 

Pellets are products usually made from by-products of mechanical forest industry, like 

sawn dust, by pressing. Also other parts of wood, such as logging residues and barks, can 

be used for pellet production. Pellets are renewable and environment friendly fuel and 

they are usually used for heat production. 300 000 tons of pellets were produced in 

Finland in 2009. (Ikonen, 2012, p. 26−27) 

There is a strong effort to eliminate or at least decrease usage of fossil fuels. Fuels made 

from wooden products are one important way to replace those fossil fuels. For example, 

each traffic fuel species includes some biofuels in Finland. There are many technologies 

used for producing liquid biofuels from biomasses, for example pyrolysis or Fischer-

Tropsch gasification synthesis. In addition to traffic use, biofuels can be used, for 

example, heating up buildings. (Maa- ja metsätalousministeriö, b) Besides solid and 
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liquid biofuels, also gaseous biofuels can be produced. Biogas is made from gasificated 

biomass and it can be used as a natural gas, for example, in traffic or power plants. 

(Ikonen, 2012, p. 43) 

3.2 Chemical pulp production 

Chemical pulp production is a complicated process. Pulping process needs many different 

stages and materials with their own cycles. Pulp has its own cycle that starts with wood 

handling and ends to paper mill, directly or through drying and transportation. Lime has 

its own cycle. Liquor participate to cooking process and after that, it will be dried in 

evaporation stage and fired in a recovery boiler. After the recovery boiler, liquor will 

return to the cycle. The chemical pulping process is shown in figure 12.  

 

 

Figure 12. Chemical pulping process. 1. Wood handling 2. Cooking 3. Washing and 

screening 4. Oxygen delignification 5. Bleaching 6. Evaporation 7. Recovery boiler 8. 

Lime kiln 9. Recausticizing 10. Oxygen plant 11. Bleaching chemical preparation 12. 

Power boiler 13. Power generation. (Knowpulp, 2015) 

3.2.1 Wood handling 

The first stage of wood handling is harvesting forest and transporting wood out of the 

forest by forestry. After that, material will be transported to the mill. Transportation can 

be done with trains and trucks or floating logs in water. Transportation with trucks is the 

most expensive way to transport but it is more flexible than floating or using trains. The 
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actual wood handling begins when wood arrives to the gates of the mill. Wood handling 

includes material storage. Raw materials and materials, that are ready to go to the cooking 

stage, can be stored. Debarking, possible de-icing, chipping and screening are also stages 

of wood handling. There must be conveyors in wood handling system to transport 

material from A to B. The material can be delivered as logs or chips. Chips come usually 

from mechanical forest industry. A unit of mechanical forest industry can locate on the 

same site than the pulping mill. Before any processing, the amount of delivered wood will 

be measured. There are different opportunities to do the measurements. The measurement 

is usually based on weight or volume.  

If wood is delivered as logs, the number of handling stages is higher than with chips. The 

logs must be debarked. Bark cannot be utilized for pulping process because it consumes 

much cooking chemicals and causes impurities. Before debarking the logs will be cut to 

right length. Typically drum debarkers are used. The drum is a cylinder made from steel 

and its inlet and outlet are open. Debarking can be done with or without water. If water is 

used, the inlet of the drum is not open. The process bases on abrasion. Logs hit each other 

and to the walls of the drum and the bark will separate. The separated bark can be fired 

to produce heat. The mill can fire the bark itself or sell it to another mill.  

Wood chipping is a mandatory stage of process. The chips must be small enough that 

cooking chemicals can be absorbed well to whole wood material. During the chipping 

process logs are pushed against the chipping tool. Chipping blade is usually a circular 

plate. The chipping process consists of three typical stages. The first process stage defines 

the length of the chip, the second defines the thickness and the last one defines the width. 

After the chipping, the chips will be screened to reach uniform size.  

Both logs and chips need their own storage. The logs are typically stored either in water 

or on asphalted field. Fungi and insects can worsen the quality of the logs especially on 

asphalted field. The chips are stored in piles or in silos. Fungi and insects may harm also 

chip storages and in addition there can be a risk to fire. Storages are important for ensuring 

a continuous material flow to the cooking stage. If there were no storages, the process 

might have undesirable shutdowns. (Seppälä et al., 2001, p. 19−36)   
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3.2.2 Cooking 

After handling wood from logs to chips, the next stage is cooking. Cooking can be either 

batch or continuous cooking. The purpose of the cooking process is to eliminate lignin 

that keeps wood fibres together and causes colour in pulp. Cooking temperature and time 

are variables that affect kappa number. All the lignin cannot be removed because 

excessive cooking will also harm wood fibres not only remove lignin.   

The cooking process needs chemicals. Cooking liquor is called white liquor and it is 

alkaline. White liquor consists mostly of sodium compounds. The active chemicals are 

sodium hydroxide (NaOH) and sodium sulphide (Na2S). During process the cooking 

liquor transforms to black liquor. Black liquor includes chemicals that have not reacted 

during cooking (Na2CO3, Na2SO4), lignin, hemicellulose, extractives and some parts of 

alkali. Later black liquor will be burnt and chemicals in it will be recovered. (Seppälä et 

al., 2001, p. 75)   

Cooking can be either batch or continuous cooking, as mentioned before. Batch cooking 

will be introduced first. Displacement batch cooking is the most widely used batch 

cooking method. The idea of displacement batch cooking is to recycle previously used 

black liquor in the digester before actual cooking. The process starts when the digester is 

filled with chips. Warm black liquor is pumped into the digester. Some white liquor can 

be used during this stage to keep pH on the right level. Pumping will raise pressure. Next 

hot black liquor is pumped in and the warm black liquor is replaced. Preheated white 

liquor is pumped into the digester before heating the digester to cooking temperature. At 

this moment there is a mixture of black and white liquor in the digester. After cooking, 

chips at the right temperature and pressure during the right time, brown stock washing 

liquor is pumped in to replace hot black liquor. The purpose of this stage is cooling. After 

cooling, the pulp will be discharged using dilution and pumping. The best-known batch 

cooking processes are conventional method, RDH (rapid displacement heating), 

SuperBatch, Cold Blow and Enerbatch methods. (Uusitalo & Svedman, 2000 p. 494−495) 

Another cooking method is continuous cooking. Continuous cooking is the most widely 

used cooking method when sulphate pulp is produced. In this method, chips, black liquor 

and white liquor are fed into a digester as a continuous flow. The same amount of pulp 
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and black liquor exits. Continuous cooking offers some benefits compared to batch 

cooking. Continuous cooking process consumes less energy, energy recovering is more 

effective, controlling environmental impacts is easier and process configuration is more 

flexible than with the batch cooking. The continuous cooking process also has some 

modifications. The target of modified processes is to improve properties of continuous 

cooking. The target can be, for example, to decrease amount of lignin or to increase 

amount of alkali or sulphide. The first modified continuous cooking process (MCC) had 

modifications in white liquor feeding. In extended modified continuous cooking process 

(EMCC), white liquor is added via wash heating and circulation system and the 

temperature of wash circulation is higher than with the basic process. In addition to these 

two, there are many other different modified processes like isothermal cooking (ITC), 

black liquor impregnation (BLI) and Lo-Solids Cooking. (Marcoccia et al., 2000 p. 

513−514, 546−547)  

3.2.3 Washing and screening 

The mass coming out of the digester must be washed after cooking. The mass consists of 

wood fibres and black liquor. Black liquor includes chemicals and dissolved wood 

material. About half of the chips are dissolved during the cooking process. The target of 

washing is to separate the black liquor from the pulp. The black liquor will be delivered 

to recovery boiler where chemicals are recovered, and organic materials are fired. 

Excessive water must be evaporated before the firing and therefore the washing is wanted 

to do with as low amount of water as possible.  

The washing process have many stages in series. Usually during the washing process, 

clean water goes in to the last stage of washer and exits from the first one. Normally the 

washing is not used only after the cooking. It can be used also after oxygen delignification 

and bleaching stages. There are several washing devices. The most common devices are 

atmospheric and pressure diffusers, drum and press washers and gas free filters. 

(Vakkilainen & Kivistö, 2017, p. 57−58) 

After the washing, the pulp still includes several impurities. Typical impurities are wood 

parts like branches or bark and other undesirable components like metals or sand. 

Eliminating the impurities is called screening. Usually screening is made two times: 
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before and after bleaching. Separation of harmful particles during screening stages bases 

on particles properties. The property used for the separation can be either weight or size. 

Weight-based separation is done using centrifugal or gravimetric forces. Separation by 

size is done with screen plates. Like washing, screening is also executed in several stages. 

Only one stage cannot separate impurities well enough, but with several stages the wanted 

results can be reached. The screening can be divided into fine screening and coarse 

screening. Fine screening means separation of fine particles like sand. During fine 

screening there is a risk to lose some wood fibres. Coarse screening means removing 

larger particles like uncooked chips. (Seppälä et al., 2001, p. 110−112)   

3.2.4 Oxygen delignifigation and bleaching 

Some components cause brown colour in pulp. If these components are not removed, 

paper produced from this pulp will not be white. Lignin is the main material that causes 

colour. That is why the residual lignin must be removed from the pulp if the final product 

is wanted to be white. There are two main ways to decrease the amount of residual lignin: 

oxygen delignification and bleaching. (Pikka et al., 2000, p. 634−635) 

Oxygen delignification is a process stage located usually between screening and 

bleaching, but the position is flexible. Some possible locations are presented in figure 13. 

The oxygen delignification bases on using oxygen and alkali. Oxygen is a mild oxidant 

and when it reacts, it will form water through a couple of stages (O2→H2O2→H2O). 

Depending on needed amount, oxygen can be prepared beside the mill or it can be 

purchased as liquid oxygen. The alkali can be pure sodium hydroxide or oxidized white 

liquor. The target of the process is to oxidize the lignin and dissolve it to white liquor. It 

is also desirable to transform chloroforms, which causes colour, to less harmful. Oxygen 

delignification enables reducing the amount of residual lignin about 40−50% without 

harming strength properties. With a higher reduction rate carbohydrates start to dissolve. 

(Seppälä, 2001, p. 98) Strength of this process is costs and emissions of oxygen that are 

lower than costs and emissions of other bleaching chemicals (Gullichsen, 2000, p. 391). 
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Figure 13. Different ways to locate processes to fibre line. (Seppälä et al., 2001, p. 112)   

 

Sufficient lignin loss is not reached only by the oxygen delignification stage, so there is 

still need for bleaching stage to improve the pulp brightness. Considering chemical pulps, 

bleaching means removing lignin using bleaching chemicals. With mechanical pulps, it 

is also possible to use methods that only lighten the lignin not remove it. The chemicals 

used in bleaching are more selective than the oxygen delignification chemicals. That 

means bleaching chemicals concentrates on removing lignin and impacts to carbohydrates 

are lower than during the oxygen stage. (Seppälä et al., 2001, p. 122) 

Pulps can be classified by bleaching chemicals. ECF (Elementary Chlorine Free) means 

the bleaching is made without gaseous chlorine. The bleaching chemical is usually 

chlorine dioxide (ClO2). If the bleaching is made without any chlorine chemicals, the used 

term is TCF (Totally Chlorine Free). Using TCF-method the utilized chemicals are 

oxygen-based like ozone (O3) or peroxide (H2O2). ECF-method is better of these two due 

to better brightness, strength and yield are reached.  

Bleaching start with mixing steam and bleaching chemicals to washed pulp coming from 

previous stage. After mixing, the actual bleaching occurs in a reactor. Last stage of 

bleaching process is washing. During the bleaching, dissolved material is removed by 

washing. The bleaching has several stages, so process stages mentioned before will be 

repeated. The downside of bleaching is a high amount of used water and produced 

wastewater. (Vakkilainen & Kivistö, 2017, p. 63−64) 
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3.2.5 Drying 

Drying is a process stage that is needed only in stand-alone pulp mills. If the mill is 

integrated, the pulp is pumped directly to the paper mill. Stand-alone pulp mills are forced 

to transport the produced pulp to paper mills. Wet pulp causes transportation costs and it 

is complicated to store. That is why the pulp will be dried before leaving the pulp mill. 

Usually the dryness after drying stage is about 90%. (Seppälä et al., 2001, p. 138) 

The drying stage can be divided into several parts: headbox, wire section, press section, 

drying section, cutting and baling.  The headbox, wire section and press section are called 

wet end. The drying process starts with the wire section. The pulp with dryness of less 

than 2% is spread to the wire from the headbox. The water is removed between two wires 

using vacuum and pressure in the modern mills. After wire section, pulp moves on to the 

press section with dryness of about 30%. During this stage pulp is dewatered by pressing 

mechanically. After that, dryness is about 50−55%. There are cylinder or airborne driers 

in the drying section and after this section, the dryness can be about 90%. After drying, 

the pulp is prepared for transportation which means it will be cut to the right size and 

baled. (Vakkilainen & Kivistö, 2017, p. 66−67) 

3.2.6 Evaporation 

Evaporation is a part of liquor cycle. Wood fibres, spent chemicals and dissolved organic 

materials are separated by washing after cooking. The mixture consisting of those spent 

chemicals, organics and water is called black liquor.  The spent chemicals are desired to 

recover and the organics are wanted to use for energy production. The chemical recovery 

and energy production are done with a recovery boiler. The water in the black liquor must 

be evaporated to make using the recovery boiler possible.  

The dryness of black liquor is usually 14−18% (weak black liquor) after washing. The 

dryness is increased to 18−22% (feed liquor) before evaporation by mixing stronger 

liquor to weak liquor. The feed liquor will be fed into the evaporator that normally 

consists of 5−7 stages. Usually the steam used for evaporation is fed in from opposite side 

of evaporator than the feed liquor. The dryness reached after evaporation in modern mills 

can be even more than 80%. (Holmlund & Parviainen, 2000, p. 37, 46, 69) 



38 

 

3.2.7 Recovery boiler   

Dried black liquor from evaporation stage is delivered to recovery boiler where it will be 

fired. The recovery boiler has two main purposes: to recover cooking chemicals in black 

liquor and to produce energy by burning organics. In addition, the recovery boiler is used 

to minimize waste streams. The heat produced by burning organics will be utilized for 

steam generation. Part of the steam is used during pulping processes and part of it is used 

for generating electricity. (Vakkilainen, 2000, p. 95−96) 

Recovery boiler and its main components are presented in figure 14. The presented boiler 

is a modern recovery boiler used in Äänekoski biorefinery that started its production in 

2017. Capacity of the boiler is 7200 tds/d. It can produce 363 kg/s steam with temperature 

of 515 °C and pressure of 110 bars. (Valmet, 2017, p. 5) The main reactions of recovery 

boiler occur in the furnace. The black liquor is spread into the boiler through nozzles. The 

liquor droplets dry before reaching a char bed on the bottom of the boiler. Sodium 

compounds react to sodium carbonate (Na2CO3) and sodium sulphate (Na2SO4). The 

black liquor includes sodium sulphide (Na2S) that does not react in the boiler. Sodium 

sulphide is a cooking chemical and that is why it is wanted to recover. The organics are 

pyrolyzed and the sodium sulphate reacts to the sodium sulphide in the char bed. Sodium 

salts will melt, and the melt will be removed from the boiler. The melt will be mixed with 

weak white liquor to create mixture called green liquor. (Seppälä et al., 2001, p. 157) 
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Figure 14. Modern recovery boiler with its main components. 1. Furnace 2. 

Superheaters 3. Boiler banks 4. Economizers 5. Steam drum 6. Electrostatic precipitator 

7. Heat recovery system. (Valmet, 2017, p. 5) 

 

A couple of factors have to be taken into account with the recovery boiler. There is a high 

amount of sulphur in black liquor and consequently the combustion needs high level of 

control. The process conditions must be optimum to reduce sulphur gas emissions and 

harmful sulphur dioxide (SO2). (Seppälä et al., 2001, p. 157) Black liquor includes some 

corrosive compounds, mainly chlorine and potassium, especially when eucalyptus is the 

used material. These compounds force to decrease temperatures and pressures of the 

recovery boiler. (Vakkilainen & Kivistö, 2017, p. 70) In summary, recovery boiler can 

produce heat like more general boilers but black liquor as a fuel causes some special 

requirements and challenges. 

3.2.8 Lime cycle 

Chemical cycle of pulp mill consists of liquor cycle that was introduced previously and 

lime cycle. Green liquor produced by mixing sodium salt melt and weak white liquor is 

fed into lime cycle. The main parts of lime cycle are recausticizing and lime kiln. The 
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purpose of lime cycle is to prepare green liquor to white liquor that can be used for 

cooking.  

The green liquor includes sodium carbonate (Na2CO3), sodium sulphide (Na2S) and small 

amount of sodium sulphate (Na2SO4). The cooking chemicals in white liquor are sodium 

sulphide and sodium hydroxide (NaOH). During the recausticizing process, sodium 

carbonate will be converted to sodium hydroxide by help of calcium oxide alias lime 

(CaO). The first stage of recausticizing process is removing impurities from green liquor. 

After that, the lime will react with water forming calcium hydroxide (Ca(OH)2). This part 

of process is called slaking of lime. The calcium hydroxide will react with sodium 

carbonate forming sodium hydroxide. Calcium carbonate or lime mud (CaCO3) is 

precipitated during the same reaction. The lime mud will be separated out of the liquor. 

Because the lime needed for recausticizing is converted to lime mud, the process will 

need some additional lime. The lime mud can be returned to lime by lime kiln. The lime 

mud must be washed and dried before using the lime kiln. The lime kiln converts calcium 

carbonate to lime and carbon dioxide (CO2). The reaction needs high temperature to 

occur. The burning temperature can be about 1100 °C. The heat is produced by burning 

some fuel. Typical fuel is natural gas or heavy fuel oil, but fossil fuels are possible to 

replace with biofuels. For example, biogas made in the mill gasification plant from bark 

or wood residues, can be used. (Arpalahti et al., 2000, p. 135−136, 139, 191−193) 

3.2.9 Bleaching chemicals obtaining 

Pulping process needs much chemicals. Bleaching is one of the most significant 

consumers of chemicals. Bleaching chemicals can be obtained in two ways: producing 

beside the mill or purchasing outside the mill. Many factors are affecting when the way 

to obtain chemicals is chosen. For example, chlorine dioxide (ClO2) and ozone (O3) are 

always produced in the mill site because of their instability. If mill need a high amount of 

some chemical, it is more probable to produce chemical itself than if the need would be 

low. Safety during handling, transportation and storage, availability of raw materials and 

energy, environmental impacts and location of the mill must be noticed when is 

considered whether chemicals are produced beside the mill or purchased outside the mill. 

(Gullichsen, 2000, p. 391) 
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3.3 Mechanical pulping 

The basics of mechanical pulping were introduced already in this chapter. This part 

considers more deeply manufacturing processes of mechanical pulp. Typical stages of 

mechanical pulping are presented in figure 15. The pulping can be made by grinding or 

refining. These processes use different raw materials but process stages after pulping are 

similar. 

 

Figure 15. Mechanical pulping. (European Commission, 2015, p. 488) 

3.3.1 Mechanical pulping by grinding 

Logs are the raw material when mechanical pulp is made by grinding. The logs must be 

debarked before they can be used. Debarking can be done as presented in part 3.2.1.  The 

debarked logs are pushed against grinding stones. Grinding stones heat up by friction so 

they must be cooled by shower water. Temperature of shower water depends on used 

process. Grinding is followed by screening, precipitation and bleaching stages.  

During groundwood method (GW), debarked logs, water and energy are fed into grinding 

machine. Temperatures of water and mass must be watched to ensure that the quality of 

the product will be high. Dryness of the mass is about 1−2% after grinding, and the mass 
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will continue to screening and drying stages. Thermal groundwood (TGW) differs from 

GW by water temperature. The higher temperature is possible with usage of slight 

overpressure. The desired overpressure is reached when there is about 20−30 cm water 

on the stone. Pressurised groundwood (PWG) is produced under overpressure (max 3 

bar). The temperature of water and the mass are higher than using GW method. The log 

feeding is made through pressurised chamber. The overpressure of chamber and grinding 

area is obtained using compressed air.  

A couple of factors affect grinding process. The first factor is sharpening of the grinding 

stone. If the stone is sharp, the grinding pressure is higher and the groundwood will be 

rougher than using duller stone. The temperature of water must be suitable. The wood 

will not be soft enough with too low temperature and with too high temperature the water 

will evaporate out of grinding surface and worsen brightness of the mass. Peripheral speed 

of the stone affects production. With higher speed, also production is higher, but 

homogeneity and brightness of the mass and length of fibres worsen. Production and 

freeness level can be improved by increasing loading of the stone. Freeness level indicates 

how fine the material is after mechanical pulping. 

Pulp made by grinding include impurities. Stones, sand, parts of bark and other impurities 

must be screened away. Coarse screening is used for larger impurities and fine screening 

for smaller ones. After screening, the mass continues to precipitation. The mass with low 

dryness (0.6−0.8%) goes into precipitator which uses vacuum or pressure to dewater. The 

dryness of the mass after this stage is about 8−12%. The mass is bleached after drying if 

needed. Mechanical mass includes a plenty of colourful components, so the mass will not 

be as bright as chemical pulp. Used bleaching chemicals are peroxide (H2O2) and 

dithionite (S2O4
-2). At least part of the mass must be stored to give balance between 

pulping and paper mills. With modern technology, it is even possible to store mass with 

dryness of about 12%. (Seppälä et al., 2001, p. 38−40, 48−53) 

3.3.2 Mechanical pulping by refining 

Mechanical pulping made by refining utilizes wood chips as a raw material. Before actual 

refining there are a couple of process stages. At the first chips are screened. Too large 

particles will be chipped again, and too small particles will be removed. Chips can be 
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stored, for example, in silos. The next step is washing. During washing, small particles, 

sand, stones, et cetera, are removed. Temperature of washing water is high (70−85 °C) 

because the high temperature improves moisture of the chips. After washing and 

dewatering, the chips continues to preheater that can be either pressurised or not. The heat 

can be produced by main steam or steam generated by refiners. During the actual refining 

the chips are fed to between blades of refiner. 

There are still some process stages after refining. The produced mass must be screened. 

The difference between screening of refined mass and groundwood is that there is no need 

for coarse screening with refined mass. All impurities cannot be removed. After 

screening, the mass is precipitated to dryness of 10−12%. At the end of the process the 

mass is bleached with peroxide (H2O2) and dithionite (S2O4
-2) if there is need for 

bleaching. 

The mass made by refining can be divided into four groups: refiner mechanical pulp 

(RMP), thermomechanical pulp (TMP), chemi-mechanical pulp (CMP) and chemi-

thermomechanical pulp (CTMP). RMP can be thought to be a basic process without any 

improvements. TMP-process includes preheating stage before refining. The purpose of 

heating is to make lignin softer to ease separation of fibres. During heating there can be 

overpressure or atmospheric pressure. At the first refining stage there is 3−5 bar 

overpressure and temperature of about 150 °C. The steam formed during refining is 

recovered. CMP means there are some chemical treatments before refining. There are 

chemical treatments with CTMP as well but there is also heat treatments used. Used 

chemicals are usually sodium sulphite (Na2SO3), sodium hydroxide (NaOH) and 

sometimes also peroxide (H2O2). Chemical treatments make modifying the produced 

mass easier. (Seppälä et al., 2001, p. 57−60, 65−67) If chemi-thermomechanical pulp is 

bleached, it is called bleached chemi-thermomechanical pulp (BCTMP). 

3.4 Paper and paperboard production 

Pulp is a raw material for paper and paperboard production. When pulp is produced, it 

will continue to paper making process. The pulp can be delivered directly from pulping 

process (integrated mill) or from another pulp mill. When pulp is coming further, it is 

dried and that changes process a bit: there must be a pulper unit. The paper making 
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process is introduced in figure 16. The stages of paper making process are forming 

section, press section, drying section and calendaring section. Not all paper and 

paperboard grades use calendaring section.  

 

Figure 16. Paper making process. (Vakkilainen & Kivistö, 2017, p. 82) 

3.4.1 Forming section 

The web is formed during forming section. All raw materials are mixed together with 

water. The dryness of the mixture can be 0.2−1.5%. (Vakkilainen & Kivistö, 2017, p. 82) 

High water content improves homogenous distribution of the mixture. The largest share 

of raw material is fibres from pulp. In addition to fibres, there can be fillers, adhesives, 

chemical additives and different coating agents. The purpose of additive materials is to 

affect properties of paper or paperboard. (Knowpap, 2005) Usually the difference 

between paper and paperboard is that there is more than one layer in paperboard and the 

mass of paperboard is higher than the mass of paper. 

The first part of paper machine is headbox. In addition to making homogenous 

suspension, the purpose of headbox is to decrease pressure variations and to produce a 

desired turbulence. The headbox is followed by wire section. The purpose of wire section 

is to dewater the suspension by draining and to control removing water and hydrodynamic 

forces to ensure that fibre and additive materials are uniform. (Knowpap, 2005) 

3.4.2 Press section 

The web comes from wire with a moisture content of 17−20%. The purpose of press 

section is to increase dryness of the web up to 35−50%. The pressing is the most efficient 

way to remove water, but it cannot be used over a certain limit without harming the 
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product. Either two felts or felt and smooth roll can be used during press section. The 

impact of pressing is decreasing volume of the web and due to this impact water has no 

space anymore and it will move off. (Knowpap, 2005) 

3.4.3 Drying section 

Final dryness of the web is reached during drying section. Different drying methods can 

be utilized. The most typical methods base on air-drying, radiation drying and contact or 

cylinder drier. The moisture can be, for example, evaporated out of the web. Steam heated 

cylinders are the most common method in the drying section. (Knowpap, 2005) 

3.4.4 Aftertreatment 

After obligatory stages, aftertreatments are used to obtain some properties for certain 

paper and paperboard grades. The final product can be, for example, calendared, dyed or 

coated. Coating is made to reach better printing properties. Paper and paperboard have 

rough surface and coating makes it smoother. Dyeing is also optional process stage that 

is done for coloured paper grades. Calendaring is used to obtain smooth and glossy 

surface. Like coating, calendaring also improves printability. (European Commission, 

2015, p. 667−670)    
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4 ENERGY DEMAND OF FOREST INDUSTRY 

Energy intensity of forest industry is high and many different processes need a huge 

amount of energy to work. There can be differences with energy demand even if the 

purpose of certain stage of process is the same. The energy demand can be divided into 

two categories: heat and electricity demand. Factors that affect processes energy demand 

and estimated energy demands of different processes will be introduced in this chapter. 

4.1 Chemical forest industry 

Chemical forest industry consists of several energy intensive process stages. Process 

stages of chemical and mechanical pulping processes are different and that is why 

structures of energy consumptions differ. Chemical pulping use heat for heating up 

different fluids, evaporating water and accelerating or controlling chemical reactions. 

Electricity is mainly used for pumping. Mechanical pulping needs electricity especially 

to grinding and refining processes. Paper and paperboard production consumes heat and 

electricity and most of the energy is used for drying the web.     

4.1.1 Energy demand of pulping 

Energy demand of pulping depends on many factors such as size and age of the mill, 

production rate, used raw materials, integration rate, used technologies and processes, 

climate conditions and operational choices. Considering mechanical pulping, one 

important influencing factor is freeness level. Trend of the energy consumption is mainly 

decreasing, but especially higher quality requirements and emission reduction 

technologies have increased the consumption.  

Larger mills usually have better energy efficiency and lower energy demand per produced 

pulp unit. Size and age have a connection because usually new mills are larger than older 

ones. Production rate influences energy demand because some energy is consumed even 

if the mill is producing nothing. Increasing production rate from the zero-point, energy 

demand per pulp unit will decrease. There is some optimum production rate where the 

consumption per unit is the least. Integration of mills means lower transportation 

distances and lower amount of process stages and therefore the energy consumption is 

lower than with stand-alone mills. The impact of used raw material is notable. Producing 
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pulp from eucalyptus needs the smallest amount of energy. Eucalyptus is barked in the 

forest and barking units are not needed. It also has high cooking yield, which means mass 

flows are smaller. Using eucalyptus there is no need for bark presses due to dry bark. In 

addition, cooking temperature of eucalyptus pulp is lower than with other raw materials. 

Impact of climate conditions is noticed especially in countries with cold winters. During 

wintertime north countries have a need to de-ice the logs and heat up different liquids and 

buildings and consequently energy consumption differs between seasons. 

The specific energy consumption in chemical pulping has mainly decreased. Closed water 

systems have decreased heat and electricity usage. Efficient use of secondary heat has 

decreased heat demand during the cooking. Better technology and waste heat utilization 

have also had positive influence on heat consumption while energy consumption in some 

departments has been increasing. For example, bleaching stage has been improved in 

some mills and now it takes more energy to work. (Vakkilainen & Kivistö, 2017, p. 92, 

94, 97) In addition to improved process stages, increased number of environmental 

protection devices have raised the consumption. 

Considering mechanical pulping, used raw material affects significantly energy 

consumption. Refining spruce consumes 10−30% less energy than refining pine 

(Vakkilainen & Kivistö, 2017, p. 101). Refining processes consume more electricity than 

grinding processes. In addition, desired freeness level influences energy demand. The 

finer the pulp is, the larger is energy demand. Mechanical energy usage generates heat. 

Heat is recovered effectively and that is why heat demand can be even negative. 

(Fogelholm & Suutela, 2000, p. 303) 

Recycled fibre pulping consumes less energy than chemical or mechanical pulping. The 

energy consumption depends on quality requirements. For example, if there is a need for 

bleaching or deinking, there will be higher energy consumption. 

The heat and electricity demand of different pulp types are presented in table 2. The first 

number in the table describes how energy was consumed in late 1990s. The second 

number is average of consumption of the existing mills in 1990s. Currently values can be 

lower but this table is still applicable. The factors presented before can be seen in the 

table. Bleached and dried products have higher consumption than products without these 
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stages. Also used raw materials affect the consumption. Considering mechanical pulps, 

impact of freeness level can be seen especially with electricity consumption. 

Table 2. Energy demand of wood pulp manufacture. (Fogelholm & Suutela, 2000, p. 

303) 

     

Mechanical pulp   Freeness Heat [GJ/t] Electricity [kWh/t] 

Groundwood (GW) 100 CSF 0−0.6 1400−1500 

Groundwood   60 CSF 0−0.7 1650−1700 

Pressure groundwood (PWG) 100 CSF 0−0.5 1450−1550 

Pressure groundwood    60 CSF 0−0.6 1700−1800 

Thermomechanical pulp (TMP) 100 CSF -3.1 2100−2300 

Thermomechanical pulp    60 CSF -4.3 2600−2900 

Chemithermomechanical pulp (CTMP) 0 2000 

Neutral sulphite semichemical (NSSC)  3.8 400 

Chemical pulp       

Softwood (pine)     

     Unbleached  7.5−10.6 400−490 

     Unbleached dried  10−13.9 520−630 

     Bleached  9−12 540−680 

     Bleached dried  11.5−15 660−800 

Hardwood (birch)     

     Unbleached  7−10 390−500 

     Unbleached dried   9.5−13.2 500−650 

     Bleached  8.5−11.0 510−620 

     Bleached dried  10.9−14.0 630−760 

Recycled pulp    

     Deinked  1.0 310 

     Not deinked  0 50 

 

The variation of energy demand is high in integrated pulp and paper mills. The type of 

pulping process, the share of different pulp and paper grades and the amount of fillers and 

pigments affect the energy demand. If recycled paper is used as a raw material, the total 

energy consumption is lower. For example, according to Vakkilainen & Kivistö (2017), 

the specific heat consumption of Finnish integrated mills is between 4.1 GJ/t and 23.1 

GJ/t and the specific electricity consumption is between 690 kWh and 2340 kWh/t. These 

numbers prove that the variation of consumed energy is high.  



49 

 

4.1.2 Energy demand of kraft pulping process stages 

The most of pulp is made by sulphate (kraft) pulping. That is why kraft pulping process 

stages and their energy demand are worth introducing. Boundaries of different 

departments are not evident. For example secondary heat generated in some department 

can be used in another and therefore establishing departmental energy usage is 

challenging.  Steam consumption of bleached sulphate pulp mill is presented in table 3. 

The most energy intensive process stage is evaporation. The energy consumption of 

evaporation stage depends on desired dryness. The drier the black liquor is wanted to be 

the more energy is needed. During other process stages quality requirements and used 

technologies influence steam consumption. According to the table, the total steam 

consumption of kraft pulping is 11−12 GJ/ADt.  

Table 3. Steam consumption of bleached sulphate pulp mills. (European Commission, 

2015, p. 352) 

Process Steam consumption [GJ/ADt] 

Cooking 1.6−2.0 

Oxygen delignification 0.2−0.4 

Bleaching 1.5−2.0 

Drying 2.2−2.6 

Evaporation 4.0−4.5 

Other 1.2−2.0 

Total 11−12 

 

Electricity consumption of sulphate pulping process stages is shown in table 4. The mill 

considered in the table is a mill producing market sulphate pulp with ECF bleaching. The 

mill is also BAT reference mill. BAT means Best Available Technology and it has been 

created for environmental protection. The reference mill in the table consumes electricity 

totally 712 kWh/ADt. This number does not include energy usage of all bleaching 

chemicals preparation. The bleaching chemical preparation can consume electricity about 

100 kWh/ADt. The value can vary depending on chemicals prepared on the mill site. 

Drying is the most energy intensive department consuming 120 kWh/ADt, as can be seen 

in the table. Bleaching, washing and screening, oxygen delignification, causticizing and 

lime kiln and recovery boiler also use a high amount of electricity. Even if the mill in the 

table is BAT reference mill, electricity consumption of modern mills can be lower than 

presented in the table. All process stages presented in the table are not needed in every 
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mill. For example, cooling tower is not always used. Reference mill in table typify 

challenges of defining reference values. Estimated consumption of every department can 

be realistic value but when these values are summed up, the total electricity consumption 

is too high to represent correctly consumption reached with the best available technology.  

Table 4. Electricity consumption of sulphate pulp mill with ECF bleaching 

(BAT reference mill). (European Commission, 2015, p. 353) 

Processes 

Electricity consumption 

[kWh/ADt] 

Wood yard 45 

Digester 44 

Brown stock washing and screening 60 

Oxygen delignification 60 

Bleaching 80 

Post-screening 45 

Drying 120 

Evaporation 30 

Recovery boiler 60 

Causticizing and lime kiln (incl. 

gasification of bark) 57 

Cooling tower, etc. 20 

Raw water 20 

Effluent treatment 30 

Bleaching chemical preparation (incl. 

Chemicals for oxygen delignification) 10 

Miscellaneous consumers, losses 30 

Total 712 

 

4.1.3 Paper and paperboard production 

Paper and paperboard production consumes energy. Heat is used for heating up and 

evaporating water. The most energy intensive process stage of processing paper and 

paperboard is drying that can consume about 90% of total energy consumption. 

(Vakkilainen & Kivistö, 2017, p. 84) The electricity is used for driving machines like 

paper machine, fans or vacuum systems. The total energy consumption of paper machine 

including paper mill drive, former, press, dryer, sizer and reel is about 150−300 kWh/t. 

(European Commission, 2015, p. 695) In addition to paper mill driving, energy is used 

for other functions. Additional process stages, like calendaring and coating, can consume 

a high amount of energy.  
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Paper or paperboard grade affects energy consumption. The largest impact of produced 

paper grade appears already during pulping stage. Finer paper grades need better freeness 

level and pulping demands more energy. Speed and age of paper machine affect energy 

consumption. Usually, higher speed and lower age lead to lower energy consumption. 

(European Commission, 2015, p. 692−694) 

The energy demand of different paper and paperboard grades is introduced in table 5. The 

heat demand varies from 4.5 GJ/t to 7.8 GJ/t and the electricity demand varies from 510 

kWh/t to 1010 kWh/t. Coating and bleaching rise the energy consumption, as can be seen 

in the table. For example energy consumption of newsprint is comparatively lower than 

consumption of bleached or coated grades. That is why newsprint has no challenging 

requirements, there is no need for bleaching and recycled fibres can be used. Usually can 

be expected that the more requirements the paper grade has, the more energy it will 

consume.  

Table 5. Energy demand of some paper and paperboard grades. (Fogelholm & Suutela, 

2000, p. 305) 

Paper grade 

Heat 

[GJ/t] 

Electricity 

[kWh/t] 

Newsprint 4.5−5.3 550−585 

Special newsprint 4.5−5.3 570−590 

Uncoated wood containing 4.5−5.4 610−720 

Coated wood containing 4.6−5.3 700−770 

Uncoated wood free 6.6−7.1 535−670 

Coated wood free 5.5−7.8 720−850 

Tissue paper 6.9 1010 

Kraft liner 5.8 530 

Fluting medium 5.6 510 

Folding box board 6−7 560−740 

Bleached kraft board 7.1−7.7 600−870 

Sack paper 6.9 1000 

Other kraft paper and board 7.3 850 

Other paper and board 7.5 700 

 

4.2 Mechanical forest industry 

Mechanical forest industry can be thought to be different from chemical forest industry. 

The processes are simpler, and the number of process stages is lower than with chemical 
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forest industry. Some stages still consume heat and electricity or both, and in this part the 

energy demand of mechanical forest industry is introduced shortly. 

There are a couple of process stages that consume heat and electricity in sawn wood 

production. These process stages are barking, sawing, sorting, drying, dry handling and 

grinding. According to Anderson (2012), who has been written about Swedish saw mills, 

the most energy intensive stage is drying. It consumes heat even 1.08 GJ/m3 which is 

about 90% of the total heat consumption. Drying is also the largest electricity consumer 

(about 30 kWh/m3) but also sawing and grinding consume significant share of total 

consumed electricity. The total heat consumption is about 1.2 GJ/m3 and the total 

electricity consumption is about 77 kWh/m3 which is a relatively low value. (Anderson, 

2012, p. 3) 

Manufacturing wood-based panels need a higher number of process stages than sawn 

wood manufacturing. For example, making particle boards requires at least chipping, 

drying, sorting and pressing stages. As well, plywood production needs a stage for 

producing veneers. Typically the energy demand depends on utilized process stages. The 

more there are energy intensive stages, the higher the energy demand is. (Thoemen, Irle 

& Sernek, 2010) 

Differences between products of mechanical forest industry are presented in table 6. Table 

also shows that wood-based boards with many processing stages consumes more energy 

than sawn products. The variation of energy consumption is high in the field of 

mechanical forest industry. Insulation board consumes 14 times more electricity and 8.3 

times more heat than sawn wood. 

Table 6. Energy demand of mechanical forest industry. (Modified from Fogelholm & 

Suutela, 2000, p. 305) 

  Heat [GJ/m3] Electricity [kWh/m3] 

Sawn wood  1.2 85 

Plywood, veneer and block board 5.7 300 

Chipboard 2.7 190 

Insulation board 10 1200 

Hardboard 7.0 610 
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5 ENERGY SUPPLY OF FOREST INDUSTRY 

Forest industry consumes a high amount of energy as heat and electricity, as presented in 

chapter 4. Energy supply of forest industry will be presented in this chapter. A share of 

renewable energy is typically high in forest industry. Over three quarters of consumed 

energy is produced from solid and liquid biofuels like wood residues or black liquor. 

(Finnish Forest Industries, 2018b) The rest of energy is produced using natural gas, heavy 

fuel oil, coal or something else. Another typical feature of energy supply of chemical 

forest industry is that the mills are at least partial self-supporting. Considering chemical 

pulping, usually all needed heat and high share of electricity is generated on the mill site. 

Modern chemical pulping mills even produce more energy than they need, and the spare 

energy can be sold.  

Mainly energy supply of chemical forest industry is considered in this thesis. That is 

because chemical forest industry has a higher energy intensity than mechanical forest 

industry, most of needed energy is produced in the mill site and used technologies are 

worth presenting. Energy supply of mechanical forest industry is comparatively low and 

high share of energy is purchased outside the mill. Mechanical forest industry mills can 

produce heat by firing wood residues, but usually residues are sold for bioenergy plants.    

Inside the field of chemical forest industry, energy production of mechanical and 

chemical pulping mills differs. The most typical feature of chemical pulp mills is recovery 

boiler. Chemical pulping process uses always chemicals that had to be recovered using 

recovery boiler. Alongside the recovery boiler, there can be a power boiler, also known 

as a bark boiler, to fire bark and wood waste and power boilers that uses, for example, 

heavy fuel oil or natural gas as a fuel. Also malodorous gases generated during pulping 

process can be burnt. (Vakkilainen & Kivistö 2017, p. 121−122) 

Mechanical pulping processes do not use recovery boiler. Typically, mechanical pulp mill 

purchases at least part of needed electricity from the public grid. Fossil fuels, like coal, 

oil and gas, can be used for steam and electricity production. Sometimes also other fuels, 

like peat, bark and wood waste, are used. During mechanical pulping process waste heat 

is generated from mechanical energy. (European Commission, 2015, p. 499) Even 90% 

of electricity used during mechanical pulping is converted to heat (Vakkilainen & Kivistö, 
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2017, p. 116). In integrated pulp and paper mills, the recovered heat can be used, for 

example, for drying paper.    

Possible energy production in a large integrated pulp and paper mill is presented in figure 

17. The yellow rectangles are boilers. There are two recovery boilers (SK5 and SK6) in 

the mill. The first one has capacity of 1700 tds/d and it produces steam with pressure of 

70 bars. The second one has capacity of 3300 tds/d and pressure of produced steam is 83 

bars. Bark boiler is located next to the second recovery boiler (KK2). Boilers next to the 

first recovery boiler burn fossil fuels (K9−K11). Last ones (HK1 and HK2) burn 

malodorous gases with natural gas. Blue cylinders in a figure are feed water tanks. The 

water is fed into the boilers to generate steam from these tanks. TU6 and TU7 are turbines 

that generates power from steam that is not needed in pulping process. The powers of 

turbines are 64 MW (TU6) and 91 MW (TU7) in this case. As can be seen in the figure, 

there is low pressure (5 bar) and high pressure (10 bar) steam going out of the power plant 

to processes. Mainly cooking stages needs high pressure steam and other stages uses low 

pressure steam.   

 

Figure 17. Energy production in an integrated pulp and paper mill. (Vakkilainen & 

Kivistö, 2017, p. 121) 
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5.1 Recovery boiler 

Basics of recovery boiler were introduced in chapter 3.2.7. The purpose of recovery boiler 

can be divided into two main tasks. Recovery boiler is a part of chemical circle and the 

cooking chemicals are recovered in this boiler. Recovery boiler also products energy 

burning organics in black liquor. Recovery boiler is a main boiler of chemical pulping 

mill.  

Black liquor is a challenging fuel. Even 50% of dry fuel is ash, which is clearly more than 

with more traditional fuels like wood. The compounds in ash will not burn but they melt 

on the bottom of the boiler. The burning part of black liquor consists of parts of wood 

like lignin and hemicellulose. There is also moisture in black liquor. The moisture content 

is decreased due to improved evaporation stage. The typical dry solid content is even over 

80% in modern mills. Increase of dry solid content has improved boiler efficiency, 

reduced sulphur emissions and decreased size of the boiler. Higher heating value of dry 

black liquor is about 13 MJ/kg. Softwoods have usually slightly higher heating value than 

hardwoods. (Alakangas et al., 2016, p. 110−111) Corrosive compounds limit steam 

parameters. In modern mills temperature can be typically 520 °C and pressure 104 bars 

(Vakkilainen, 2000, p. 99). Besides steam parameters, also capacity of boilers has 

increased.   

5.2 Bark boiler 

All trees used for chemical forest industry must be debarked. Depending on tree species, 

about 15% of it is bark, so there is a significant amount of material, which cannot be used 

for pulping process (Miles & Smith, 2009, p. 8−12). Bark can be utilized for producing 

energy. Some mills fire the bark itself in a bark boiler and other mills sell it to outside the 

mill to be burnt. Alongside the recovery boiler, the bark boiler is an important boiler for 

many mills. 

Recent times the bark was burnt using grate firing systems, but now fluidized bed 

technology is used. There are two different fluidized bed boilers: bubbling fluidized bed 

boiler (BFB) and circulation fluidized bed boiler (CFB). Both types have sand particles 

inside the boiler. Blowing gas to the sand bed, the bed will transform into a fluid-like 

state. The bed has a high heat capacity and therefore fluidized bed technology is suitable 
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for wet materials such as bark or other wood waste. (Huhtinen & Hotta, 2000, p. 227, 

231−234) 

Bark has usually high moisture content, about 55−65%. Heating value of fuel with high 

moisture content is low and therefore boilers must be large. For example, with moisture 

content of 60%, the higher heating value of bark is only 8.1 MJ/kg. If bark was dry, the 

higher heating value would be 20.4 MJ/kg. In contrast to black liquor, bark does not 

include much ash, only 1−3%. (Huhtinen & Hotta, 2000, p. 208−210) 

5.3 Alternative methods to produce energy 

Amount of used renewable energy in forest industry is high, but there is still significant 

potential to generate more renewables on the mill site. A large scale of pulping process 

side streams can be used for biofuels production. The most important products are bio-

oil, torrefied biomass, pellets, ethanol, biogas, lignin and biodiesel.  

Produced biofuels can be used in the mill or they can be sold. Lignin separation is an 

example of process that raise amount of used renewable energy in mill and intensify the 

total pulping process at the same time. The lignin can be separated from black liquor. 

Removing lignin from black liquor decreases recovery boiler’s load. Recovery boiler is 

usually a bottleneck of the process, so when its capacity is not used for burning lignin, 

the whole pulping process circle works more efficiently, and more pulp can be produced. 

Separated lignin can be burnt in lime kiln or power boiler. This solution can decrease 

significantly amount of needed fossil fuels especially in lime kiln. In many chemical 

pulping mills, lime kiln is only process stage using fossil fuels. Alongside the lignin, fossil 

fuels can also be replaced with gasified biofuel. For example bark and wood residues can 

be converted to gas using gasifier. With these modern solutions, chemical pulping mill 

could be totally free from fossil fuels. (Vakkilainen & Kivistö, 2017, p. 159−160) 

5.4 Energy balance of chemical pulping 

Energy balance of pulp or pulp and paper mill depends on many factors. The first factor 

is pulp yield. With a low yield, the mass flows during the process are larger and due to 

that the energy consumption is higher. The second factor considers bark. The logs can be 

delivered with or without bark. If there is bark, it can be burnt or sold and that also affects 



57 

 

the energy balance. The processes energy consumptions naturally have their own impacts 

to the energy balance of the mill. In addition, steam parameters of boilers and pulp mill 

influences heat usage of the mill. Integration of pulp and paper mill also changes the 

balance. (Fogelholm & Suutela, 2000, p. 318) 

Energy balances of modern integrated and non-integrated mill that produce hardwood and 

softwood pulp are presented in the table 7. Both mills utilize the bark to energy 

production. The generated heat is made by burning bark and black liquor and the amount 

of generated heat is totally 22.2 GJ/t. Non-integrated pulp mill consumes 11 GJ/t heat 

during pulp mill process which is 2.5 GJ/t more than consumption of integrated mill. That 

is mainly due to drying pulp in non-integrated mill. After pulp and paper mill processes, 

there is still some steam left over. That steam is used for producing back-pressure and 

condensing power. The generated power is used for pulp and paper processes. All power 

is not consumed during pulp and paper processes. Left over power can be sold to the grid. 

Non-integrated mill can sell three times more (920 kWh/t) electricity to the grid than 

integrated mill (290 kWh/t) in this case. This difference is, however, small considering 

that the integrated mill has produced final product and non-integrated mill only raw 

material of paper. 

Table 7. Energy balance of chemical pulping. (European Commission, 2015, p. 215) 

Mill type Unit 

Non-integrated bark-

fired pulp mill 

Fully integrated bark-fired 

pulp and paper mill 

Heat generation       

Black liquor GJ/t pulp 18.0 18.0 

Bark and wood waste GJ/t pulp 4.2 4.2 

Heat consumption       

Pulp mill process GJ/t pulp 11.0 8.5 

Paper mill process GJ/t paper - 6.0 

Back-pressure power GJ/t pulp 3.0 4.0 

Condensing power GJ/t pulp 8.2 3.5 

Power generation       

Back-pressure power kWh/t pulp 820 1150 

Condensing power kWh/t pulp 800 340 

Total kWh/t pulp 1620 1490 

Power consumption     

Pulp mill process kWh/t pulp 700 550 

Paper process kWh/t paper - 650 

Power to grid kWh/t pulp 920 290 
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6 ENERGY EFFICIENCY 

The energy usage in the world is increasing continuously. IPPC (Integrated Pollution 

Prevention and Control) and EU (European Union) have called for energy usage to be 

intensified. Improving energy efficiency is an important factor especially when energy 

intensive industries are considered. Energy efficiency can be used for evaluating 

effectiveness of certain production unit or some larger entity like a pulp and paper 

company or a nation like Finland. Definition and importance of energy efficiency are 

introduced in this chapter. Estimation of energy efficiency is challenging and many 

factors can cause inaccuracies to it. Some ways to measure energy efficiency are also 

presented in this chapter.   

6.1 Definition and importance 

Energy efficiency describes how much output products is possible to obtain with a certain 

amount of input energy. Energy efficiency is an important factor due to several reasons. 

With a high energy efficiency, it is possible to save energy, reduce emissions and improve 

competitiveness of mill. Population and wellbeing are increasing so need of energy is 

rising continuously. Improving energy efficiency, it is possible to produce larger number 

of products with the same amount of energy. That is why energy efficiency have to be 

taken into account when security of energy supply is considered. Reducing emissions is 

also possible with a high energy efficiency due to lower amount of needed fuels. During 

past few decades, saving energy and reducing emissions have become more and more 

important issues due to awareness of global warming. In addition, competitiveness of mill 

will improve because of better energy efficiency. (Fracaro et al., 2012. p. 3551) Energy 

production and fuels are expensive. With more efficient unit, energy costs can decrease 

significantly. 

6.2 Estimation of energy efficiency 

Energy efficiency is a difficult factor to estimate. Several factors affect mill's energy 

efficiency: age of the mill, production rate, structure of the mill, used technology and 

operational choices. Usually old mills have worse energy efficiency than new ones mainly 

due to developed technology. Some old mill’s devices may have defects, which also 

reduces the energy efficiency. When old mills were built, the energy efficiency was not 
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as valued feature of mill as it is currently. Production rate has high impact to energy 

efficiency. If the mill driving speed is optimal whole time, the used energy per unit will 

be on minimum level. Structure of mill includes, for example, differences between 

integrated and individual mills. With integrated mill, energy is used more effectively due 

to lower number of process stages than with individual mills. When forest industry is 

considered, one notable problem with researching energy efficiency is a high number of 

different products and processes. For example, bleached product can have higher energy 

consumption per ton of product than unbleached product even if mill producing bleached 

product is more modern and use better technology.  

Estimating energy efficiency is valuable even if it is difficult. Different mills can be 

compared using energy efficiency. Mills with worse energy efficiency can find energy 

efficiency improving potential comparing its own numbers with better mills. Mills can 

save a significant amount of energy by improving their energy efficiency. Energy 

efficiency can also be used as a target value. For example, certain mill or whole country 

can set a goal "energy efficiency must be improved x% until year y". The European Union 

has set some targets considering energy efficiency. Energy efficiency should be improved 

20% until 2020 compared to energy efficiency level in 2007 and 27% until 2030 

(Valtioneuvosto, 2017, p. 21). Finland belongs to the EU so energy efficiency targets 

apply also to Finland. A large share of total energy consumption consists of industries 

energy consumption so total energy efficiency can be improved significantly by 

improving especially industries energy efficiency.  

Energy efficiency can be considered in different ways. Usually used units are 

input/output, input/ton product, input/GDP and energy input in terms of economic 

value/GDP (Fracaro et al., 2012. p. 3552). GDP means gross domestic product. Using 

these definitions, it is possible to compare only similar mills. For example, if two similar 

mills produce same product and mill A consumes 0.7 MWh/t and mill B consumes 1.0 

MWh/t, it is easy to say that mill A has a better energy efficiency. But if mill A produces 

newspaper and mill B fine paper, the comparison is not as easy to do anymore. In many 

cases also dissimilar mills must be compared. 
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One possible way to obtain comparable numbers is to compare specific energy 

consumptions to BAT values or to some other target values. (Fracaro et al. 2012. p. 3552) 

For example, if electricity consumption BAT value for pulp produced by mills A and B 

mentioned before, was 0.6 MWh/t, energy efficiency of mill A would be 86% and mill B 

60%. The challenge with using BAT values is change over time. BAT values steadily 

improve so even if mill's energy efficiency can be bettered, it can look worse when the 

latest BAT value is used for comparison.  

Previously was mentioned that improving energy efficiency is an important factor when 

reducing energy consumption is considered. Usually it is the simplest and the most cost-

effective way. To be able to improve energy efficiency, first one must know how it can 

be done. Some factors are clear. It is known that energy efficiency can be improved by 

using energy efficient technology. For example, heating is more efficient with heat pumps 

than with direct electrical heating. Also, unbroken and usable devices are more efficient 

than defective ones. Especially when a large entity, like forest industry, is considered, it 

is difficult to know what factors affect energy efficiency and how much. To increase 

knowledge about energy efficiency, researches have to be done.     

6.3 Energy efficiency trends 

Importance of energy efficiency has been growing and BAT technology has been 

improving. Energy efficiencies of pulp and paper industry in five countries are presented 

in figure 18. These countries are Finland, Sweden, Canada, USA and Brazil. Energy 

efficiency is defined by averaging for each produced grade the reference BAT-value by 

actual energy consumption of mills. If the value is 100%, then the energy consumption is 

as low as can be reached with the best available technology. 

Finnish pulp and paper industry is the most energy efficient alongside the Swedish one. 

Excluding Canada, all the countries have been able to improve the energy efficiency. 

Improvement during considered period (1979−2009) has been over 10% in Finland.         



61 

 

 

Figure 18. Energy efficiency in different countries. (Fracaro et al., 2012, p. 3563) 

 

6.4 Problems with current BAT efficiency 

BAT values are widely used way to study energy efficiency of mills. In many cases they 

are used as a target or benchmarking values. For example, in environmental reports and 

permits specific energy consumption of mills is typically compared with BAT values. 

Despite of wide usage, utilizing BAT values have some problems. The main problems 

are continuous changing consumption values and reference mills that are not similar with 

existing ones. 

BAT report is updated continuously. Technology, mills and products are evolving. 

Specific energy consumption values reached with the best available technology are 

decreasing. BAT values are not constant and therefore using them to define energy 

efficiencies is challenging.  

Driving speed of mill affects energy consumption. Energy consumption values of BAT 

mills usually represents values that are reached with design driving speed. If the speed is 

lower, the specific energy consumption is higher. That is because there is some energy 

consumption even if the mill is producing nothing. Also, if the speed is significantly 

higher than the design speed, the consumption is as well higher. When driving with high 

speed, higher temperatures have to be used and more energy will be wasted.  
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Another problem with BAT values is difference of mills. Every forest industry mill is 

unique. There can be only a couple of BAT reference mills and there cannot be suitable 

reference mill for every existing one. At least products, production mix, location and mill 

size are factors that affect energy consumption and usually reference mill does not have 

exactly similar features than reviewed one.  

Finnish integrated chemical pulp and paper product mills can be used as an example of 

difference of the mills. These mills alone are producing magazine paper, fine paper, 

refiner, groundwood, fluff pulp, CTMP, kraftliner, sackpaper, paperboard and different 

chemical pulp grades. Size of mills vary significantly. For example, in 2010 the smallest 

produced amount of chemical pulp was about 200 000 tons/year and the largest 1000 000 

tons/year. In addition to these factors, the relation between produced pulp and paper can 

differs (figure 19), which affects significantly energy consumption.    

 

Figure 19. Pulp production in relation to paper production in Finnish integrated 

chemical pulp and paper mills. (Data from UUTU_forestindustryscenario 2010−2020)  
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7 ENERGY EFFICIENCY DEVELOPMENT IN FINNISH FOREST 

INDUSTRY 

Aim of this thesis is to define how structural changes of Finnish forest industry have been 

affecting energy efficiency. Several old forest industry units have been closed during 

2010s. At the same time some new production units have been started. In addition to 

closures and start-ups, some paper machines have been converted to produce new 

products. It can be assumed that old mill closures and new mill start-up improve the total 

energy efficiency of the industry. This thesis tries to find out if the assumption is true. 

Another target is to define what the size of the impacts caused by structural changes is. 

The research is performed as a statistical research. The total forest industry energy 

consumption can be found publicly unlike consumption values for certain mills. Real 

specific energy consumptions of chemical forest industry mills are searched from 

environmental reports and permits, theses, articles and other publications.1 Reliability of 

these references varies. Some of them include data that is almost 15 years old so the mills 

and processes might have been changed. Also presentation practice of energy 

consumption values is not similar in every reference. In some cases, more than one 

reference is used to find realistic values for mill. 

Only chemical forest industry mills are considered mill by mill. That is because chemical 

forest industry mills are large and have high energy consumption so every mill can affect 

the total energy efficiency. Closed and started units considered in this thesis are also 

chemical forest industry units. Mechanical forest industry will be examined as a one 

entity.  

1
Aluehallintovirasto Etelä-Suomi, 2011a, p. 17; Aluehallintovirasto, 2011b, p. 7; Aluehallintavirasto, 2011c, p. 7, 27;  

Aluehallintovirasto Etelä-Suomi, 2012, p. 15; Aluehallintovirasto, 2015, UPM, 2016, p. 2; Sappi, 2015, p. 5; Itä-Suomen 

ympäristölupavirasto, 2005a, p. 25; Itä-Suomen ympäristövirasto, 2005b, p. 4,11; Itä-Suomen ympäristölupavirasto, 2006a, 

p. 17;  Itä-Suomen ympäristölupavirasto, 2006b, p. 16; Itä-Suomen ympäristölupavirasto, 2006c, p. 28; Itä-Suomen 

ympäristölupavirasto, 2006d, p. 5, 20; Itä-Suomen ympäristölupavirasto, 2007, p. 13; Itä-Suomen ympäristölupavirasto, 2008, 

p. 3, 4; Kotkamills Oy, 2015, p. 15; Länsi-Suomen ympäristölupavirasto, 2005, p. 6, 72; Länsi-Suomen ympäristölupavirasto, 

2006a, p. 15; Länsi-Suomen ympäristölupavirasto, 2006b, p. 12−14; Länsi-Suomen ympäristölupavirasto, 2009, p. 14; 

Maikkula, 2016, p. 2; Metsä Fibre, c; Nieminen, 2016; Pöyry, 2004, p. 15−19; Pohjois-Suomen ympäristölupavirasto, 2007, 

p. 8; Savon Sellu Oy, 2016, p. 20; Svinhufvud, p. 8, 9; Varenso Oy/Energiapalvelut, 2003 
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This chapter presents energy usage and energy efficiency developments in Finnish forest 

industry. Firstly, energy usage of chemical forest industry mills and the total chemical 

forest industry will be introduced. Secondly, energy consumption of mechanical forest 

industry will be presented briefly. The last factor considering energy usage is 

development of the total forest industry energy consumption. When energy consumptions 

are defined, it is possible to work with energy efficiencies. Two scenarios will be made 

to enable evaluating impacts of unit closures and start-ups. Both impacts of unit closures 

and impacts of unit start-ups will be reviewed. 

7.1 Energy usage of Finnish forest industry 

Chapter 4 considered energy consumption of forest industry in a general level. Finnish 

forest industry is the focus of this thesis and energy usage of Finnish forest industry is 

introduced in this chapter.   

7.1.1 Chemical forest industry 

Forest industry is a wide field. It is typically divided into categories that includes similar 

mills to make analysing of energy usage easier. The main division into chemical and 

mechanical forest industry is clear but also mills inside these groups must be categorized. 

In this research, similar Finnish chemical forest industry mills are searched and 

categorized. Six main categories were found, and all mills were placed to some of them. 

Mills have been numbered after they have been divided into categories. Energy 

consumptions of the mills are presented only with mill’s numbers, not with their real 

names. The first group includes mills that produce bleached chemi-thermomechanical 

pulp (BCTMP). The second group consists of mills producing recycled pulp and paper. 

Mills in the group two do not use recycled pulp as an only raw material but purchase other 

pulps outside the mill. The group number three includes stand-alone chemical pulp mills. 

The fifth group consists of integrated mills that produces mechanical pulp and paper. The 

last group is the largest group including integrated chemical pulp and paper product mills.  

Table 8 presents how production and energy consumption are distributed between created 

categories. The table is made using data from year 2011, but with current values the 

results would be similar. The table underlines that a significant share of Finnish chemical 

forest industry mills are integrated. 80% of all produced pulp and 90% of paper is 
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produced with integrated mills. Also energy consumption difference between mechanical 

and chemical pulp production can be seen. Chemical pulp consumes more heat than 

electricity while mechanical pulp consumes higher amount of electricity than heat. 

Table 8. Production and consumption shares of different categories in 2011. 

 

Category 

Share of 

total pulp 

production 

[%] 

Share of total 

paper 

production 

[%] 

Share of total 

electricity 

consumption 

[%] 

Share of total 

heat 

consumption 

[%] 

BCTMP 4 - 6 0.5 

Integrated recycled 

pulp and paper 2 3 3 3 

Stand-alone chemical 

pulp 13 - 5 13 

Stand-alone paper - 6 4 4 

Integrated mechanical 

pulp and paper 20 35 32 14 

Integrated chemical 

pulp and paper 60 55 51 66 

 

As considered in chapter 4, many factors have effect on energy consumption of certain 

mill. It is possible to compare energy consumptions of different mills using specific 

energy consumption (SEC). The specific energy consumption tells how much energy is 

needed to produce one unit, usually one ton, of certain product. Specific heat and 

electricity consumption of each mill group is presented in the following figures. There 

will be a reference level in every figure. The levels are estimated using SEC values from 

table 2. The lower values that represent energy usage in late 1990s are utilized.  

The specific energy consumptions of this thesis are collected from different sources. 

There can be inaccuracies due to several reasons. Energy reporting of different mills can 

vary significantly. Some mills will not disclose their energy consumption in public. Used 

statistics can include some incorrect values. Collected energy consumption values have 

been compared to typical values presented in chapter 4 and clearly incorrect values have 

been put aside and replaced with more realistic. This thesis attempted to find the values 

that are as close to reality as possible. Specific energy consumption graphs describe 

situation in the beginning of 2010s. Unit closures, new units or capacity changes are left 

out from these graphs.  
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Heat and electricity consumptions of BCTMP mills are presented in figure 20. The 

difference between heat and electricity consumption is significant. During BCTMP 

process a high amount of electricity is used but heat demand is low. Consumptions of 

these two mills are similar. BCTMP process bases on refining process and that raises 

electricity consumption. The reference level for heat consumption is 0 MWh/t and for 

electricity consumption 2 MWh/t. These values are for CTMP. Bleaching raises energy 

demand so can be noticed that consumption of these two mills seems valid in comparison 

with reference values. 

 

Figure 20. BCTMP mills specific heat and electricity consumptions. 

 

Specific heat and electricity consumptions of integrated recycled pulp and paper mills are 

presented in figure 21. Consumptions of these mills are dissimilar. Energy consumption 

of recycled pulp is low. In table 2 was presented that electricity consumption is only 0.50 ̶ 

0.310 MWh/t and heat consumption 0 ̶ 1 GJ/t (0 ̶ 0.278 MWh/t), depending on deinking. 

The largest share of energy is used for producing paper and consumptions differ mainly 

due to different paper grades. Mill 17 produces tissue paper. Producing tissue paper 

consumes a high amount of energy. Consumption of Mill 18 is low. That is because mill 

produces coreboard which does not consume a high amount of energy. This group is a 

demonstrative example of differences between same types of mills. Comparison of the 

mills is challenging due to several factors are affecting energy consumption and therefore 

the reference levels are inaccurate indicators for these mill’s energy efficiency. 
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Consumption of Mill 17 seems too high. According to European Commission (2015) 

energy consumption of tissue paper can varies significantly (heat 1.5−5.3 MWh/t and 

electricity 887−3130 MWh/t) so can be assumed that the values of Mill 17 are correct.  

Electricity consumption of Mill 23 seems too low. Only Mill 16 will be used in the energy 

efficiency scenarios so possibly incorrect values of the other mills do not affect the 

research. 

 

Figure 21. Integrated recycled pulp and paper mills specific heat and electricity 

consumptions. 

 

Specific heat and electricity consumptions of stand-alone chemical pulp mills are 

presented in figure 22. Mills 4 and 5 produce softwood pulp and Mill 3 produces 

softwood, hardwood and dissolving pulps. The specific heat consumption is between 3.23 

MWh/t (11.6 GJ/t) and 4.20 MWh/t (15.1 GJ/t). The reference level for stand-alone pulp 

mill that produce bleached pulp is 3.11 MWh/t. Heat consumption of Mill 5 is similar 

with the reference level. Mill 3 and 4 consume more energy but consumption values seem 

still realistic. Electricity consumptions of the mills varies from 0.62 MWh/t to 0.84 

MWh/t. The electricity consumptions are relatively similar with the reference level (0.645 

MWh/t). 
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Figure 22. Stand-alone chemical pulp mills specific heat and electricity consumptions. 

 

Specific heat and electricity consumptions of stand-alone paper mills are presented in 

figure 23. Variation of the heat consumption is relatively low (1.51−2.74 MWh/t). 

Electricity consumption variation is also moderate. The electricity consumption values 

are between 0.74 MWh/t and 1.72 MWh/t. The reference levels represent average paper 

mill with heat consumption of 1.65 MWh/t and electricity consumption of 0.675 MWh/t. 

Mill 24 produces paperboard and other ones produces paper, and that is why energy 

consumption of Mill 24 is relatively low. In comparison with the reference levels, 

consumption of Finnish stand-alone paper mills seems high. One reason for the high 

consumption is that most of Finnish stand-alone paper mills produce special papers.  
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Figure 23. Stand-alone paper mills specific heat and electricity consumptions. 

 

Integrated mechanical pulp and paper mills are presented in figure 24. This group includes 

several dissimilar mills so there is some variation in consumption values. The most 

divergent mills are Mill 13 and Mill 14 that have high heat consumption and low 

electricity consumption. These mills are only ones that produce semi-chemical pulp. 

Some mills are producing groundwood or refiner and some mills produce both. Some 

mills utilize recycled pulp besides producing mechanical mass. Paper and paperboard 

products are represented in this group. Heat consumption of Mill 6 seems to be low. This 

mill has a refiner that utilizes much electricity and produces thus large amount of 

secondary heat. That is why the electricity consumption is high and heat consumption 

low. Estimating the reference level is challenging. The reference level is an average value 

of mills producing mechanical pulp and paper. Roughly it can be said that in comparison 

to the reference level, electricity consumptions of mills producing groundwood are lower 

and electricity consumptions of mills producing refiner higher. Mills producing 

groundwood seem consume more heat than mills producing refiner. 
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Figure 24. Integrated mechanical pulp and paper mills specific heat and electricity 

consumptions. 

 

Group number six includes integrated chemical pulp and paper mills (figure 25). Some 

mills produce also mechanical pulp in addition to chemical pulp. Typical property of 

integrated chemical pulp and paper mills is high the heat consumption and low electricity 

consumption. Integrated mills can produce many different end products, which makes 

defining and comparing the energy consumption challenging. For example, Mill 32 

consumes much more electricity than the other mills and that is because a high amount of 

mechanical pulp is also produced in that mill. The reference level for electricity is 1.14 

MWh/t. Only electricity consumption of Mill 32 varies significantly. The other mills 

consume electricity either a bit more or a bit less than the reference level.  The reference 

level for heat is 3.89 MWh/t. Most of these Finnish integrated mills consume a bit more 

heat than the reference level but Mill 28 and 32 consume heat significantly less. Mill 28 

produce three times more paper than pulp so most of the pulp is purchased outside the 

mill and that decreases specific energy consumption. Production of mechanical pulp 

decreases heat consumption of Mill 32.  
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Figure 25. Integrated chemical pulp and paper mills specific heat and energy 

consumption 

 

This thesis focuses on energy consumption in 2010s. Electricity consumption of chemical 

forest industry from 2010 to 2017 is presented in figure 26. Annual consumption has 

decreased 3081 GWh from 20186 GWh/a to 17105 GWh/a. Among other factors 

decreased production and energy efficiency improvements have been decreasing the 

consumption. Energy consumption changes will be presented later with more details. 

 

Figure 26. Electricity consumption of chemical forest industry from 2010 to 2017. (Data 

from Finnish Forest Industries, 2018) 
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This thesis considers relatively short period. Energy consumption values of chemical 

forest industry have been developing over time. The development continues. Table 9 

presents energy consumption values in 1970, 1980, 1995, 2015 and 2035 for chemical 

pulp, mechanical pulp and paper products. Values for years 2015 and 2035 are estimated 

using energy consumptions offered by Pöyry (2016) and production rates in 2011. The 

values are weighted averages. One can see that the trend has been decreasing. Mechanical 

pulp is only exception. Its consumption has increased between 1970 and 1995 due to 

higher quality requirements. A couple of changes have influenced energy consumption 

trends over time. First, in comparison to groundwood production, production of refiner 

has increased. This change appears as a growth of mechanical pulping electricity 

consumption. Secondly, the integration rate of mills has risen. Higher integration rate also 

lowers energy consumption.  

Table 9. Energy consumption development in Finnish chemical forest industry. (Data 

from Carlson & Heikkinen, 1998, p. 2; Pöyry, 2016, p. 46  ̶ 47) 

 Chemical pulp Mechanical pulp Paper and paperboard 

Heat [GJ/t]    

1970 14.2 0.1 6.7 

1980 13.4 -0.7 6.2 

1995 12.4 -1.5 6.0 

2015 11.1 -1.6 4.6 

2035 9.0 -2.3 4.2 

Electricity [kWh/t]    

1970 717 1630 746 

1980 709 1930 719 

1995 682 2320 711 

2015 671 2361 606 

2035 536 2164 557 

 

Previously specific energy consumptions of every Finnish chemical forest industry mills 

were presented. Mills’ energy consumption values are not similar in all over the world. 

For comparison, table 10 includes typical energy consumption values in Finland, Sweden 

and Canada. The Finnish values are averages of specific energy consumption values 

presented before. The Finnish consumption values for individual paper mills are high. 

That is because there are only five individual paper mills in Finland and their products 

are energy intensive. Canadian values are from the end of 1990s so they might have been 
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improved slightly. Most of the Finnish and Swedish values are also from period 

2000−2010 so the values can be compared. 

It seems that consumption in Canada is higher than in Finland and Sweden. Especially 

Canadian individual pulp and paper mills consume a high amount of heat. Comparison 

between different countries is difficult because different mills and raw materials can be 

used, and production mixes are dissimilar. Climate conditions can also differ 

significantly.  

Table 10. Energy consumption of chemical forest industry in Finland, Sweden and 

Canada. (Myakota, 2011, p. 64, 74, 79, 88;  Paprican, 1999, p. 3−5) 

 

Integrated 

chemical pulp 

and paper 

Integrated 

mechanical 

pulp and paper 

Individual 

paper 

Individual 

pulp 

Heat [GJ/t]     

Finland 14.4 4.8 8.1 13.2 

Sweden 18.1 3.7 4.4 26.7 

Canada - 6.5 12.3 22.0 

Electricity [kWh/t]     

Finland 1410 1537 1252 730 

Sweden 1055 2056 1576 850 

Canada - 2900 1075 950 

 

7.1.2 Mechanical forest industry 

Mechanical forest industry is not as significant energy consumer than the chemical forest 

industry. Mechanical forest industry mills are usually relatively small so examination of 

energy consumption of specific mills would not be reasonable within this thesis. 

Mechanical forest industry electricity consumption from 2010 to 2017 is presented in 

figure 27. Unlike electricity consumption of chemical forest industry, electricity 

consumption of mechanical forest industry has increased. The increase is due to higher 

amount of production.  
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Figure 27. Electricity consumption of mechanical forest industry from 2010 to 2017. 

(Data from Finnish Forest Industries, 2018) 

7.1.3 Total forest industry 

Energy consumption of Finnish forest industry has been varying during recent decades. 

Electricity consumption and own electricity production of Finnish forest industry from 

1996 to 2017 are presented in figure 28. Consumption was highest just before economic 

crisis of 2008. During years 2006 and 2007 forest industry consumed electricity about 

28 000 GWh/a. Many unit closures took place during economic crisis and consequently 

electricity consumption decreased almost by one third. After that, the electricity 

consumption trend has been slightly decreasing. Share of own produced energy has 

increased and currently about 50% of forest industry energy usage is produced by forest 

industry mills itself. The graph does not include electricity produced by hydropower 

plants. Some of Finnish forest industry mills have own hydropower plant. 
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Figure 28. Electricity consumption and own production of Finnish forest industry from 

1996 to 2017. (Finnish Forest Industries, 2018) 

 

Electricity consumption of Finnish forest industry and its changes during 2010s are 

presented in table 11. The electricity consumption has increased strongly between 2009 

and 2010. That is because after economic crisis production has grown. The electricity 

consumption has been decreasing continuously from 2010 to 2016 but increased about 

3% in 2017. Annual electricity consumption has decreased 2506 GWh from 2010 to 2017, 

which is 11.3%.  

Table 11. Electricity consumption and its change from 2010-2017. (Finnish Forest 

Industries, 2018) 
 2010 2011 2012 2013 2014 2015 2016 2017 

Electricity 

consumption [GWh/a] 22130 21533 20443 20150 19577 19333 19061 19624 

Change [%] 9.5 -2.7 -5.1 -1.4 -2.8 -1.2 -1.4 3.0 

 

A couple of reasons have caused the observed decrease. Firstly, production decrease has 

reduced energy consumption. During considered period, mechanical forest industry 

production has increased slightly as well as production of pulp, biofuels and bio-based 

products. Paper production has decreased significantly so the total production has been 

decreasing. Due to energy intensity of paper industry, decrease of paper production 

affects more the total electricity consumption than the increase of mechanical forest 

industry, bioproducts or pulp production. The reduction of production is not only reason 

for decrease of electricity consumption. Also improved energy efficiency affects 

consumption. Energy efficiency improvement consists of several factors, such as better 
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technology, more optimal driving speed and possibly structural changes. In addition to 

production decrease and energy efficiency improvement, changes to production mix have 

affected the total energy consumption. That can be seen, for example, when one considers 

the paper and paperboard production. Paper production has decreased while paperboard 

production has increased. Usually paperboard production consumes less electricity than 

paper production so even if the total production has not changed, the total electricity 

consumption can be lower (or higher) due to different products.  

 

Annual electricity consumption decreased 1909 GWh during reviewed period 

(2011−2017). It must be defined how much energy efficiency improvement has reduced 

the consumption. Production increase of mechanical forest industry has raised electricity 

consumption roughly 230 GWh during considered period. Increased production of 

bioproducts has raised consumption approximately 330 GWh. Decreased paper 

production has decreased electricity consumption about 1030 GWh. The actual electricity 

consumption decrease is 1439 GWh when production volume changes have taken into 

account. In this thesis, it is assumed that the actual electricity consumption decrease is 

caused by energy efficiency improvements. The actual electricity consumption decrease 

is 6.7% of total energy consumption. With these numbers it can be evaluated that during 

reviewed period Finnish forest industry energy efficiency has improved 1.1%/a. The 

improvement is moderate so large energy efficiency investments probably have not 

occurred during reviewed period. 

 

Electricity consumption of the total Finnish forest industry is easy to find from different 

statistics. Fuel consumption is also statistically recorded, unlike heat consumption. Fuels 

consumption of Finnish forest industry from 1990 to 2017 is presented in figure 29. 

Annual fuel consumption has been changing between 200 TJ and 217 TJ during the last 

decade. Part of consumed fuel, used for producing heat and electricity, is sold so energy 

consumption of processes cannot be accurately estimated using the fuel consumption 

alone.  
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Figure 29. Fuels consumption of Finnish forest industry from 1990 to 2017. (Finnish 

Forest Industries, 2018) 

7.2 Energy efficiency development due to structural changes 

In the previous chapter was found that energy consumption of Finnish forest industry has 

been decreasing and the main reasons for that are reduced production of paper, changed 

production mix and energy efficiency improvements. Energy efficiency improvement can 

occur due to many reasons. This thesis attempts to define how structural changes of forest 

industry affect energy efficiency. 

The most significant structural changes are old mills closures and new mills start-ups. It 

can be assumed that both events improve energy efficiency. Old mills have usually lower 

energy efficiency than newer ones. New mills use new, efficient technology and have 

usually high energy efficiency. Besides whole mills closures and start-ups, also capacity 

changes will be analysed. This chapter looks at how much structural changes affect 

energy efficiency.   

7.2.1 Improvement due to unit closures 

Finnish forest industry has gone through large structural changes during last decade. 

Many production units closed due to poor profitability. The largest wave of closures 

appeared because of the global economic crisis during 2008−2009. Demand of forest 

industry products collapsed, and huge number of mills were forced to close. Some mills 

were closed totally and some only partly. A large number of closures had significant 

impact on the whole country, especially on people who had previously worked in those 
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mills. During 2008−2009 almost 2200 employees lost their job only because of forest 

industry unit closures (Salminen, 2011).  The number of forest industry employees was 

even 35% lower in 2017 than in 2008. (Luke, 2018, p. 104) There is connection between 

reduced employment and unit closures. A target to reduce labor costs has been one reason 

for closures. Unit closures during the economic crisis are presented in table 12.  

Table 12. Unit closures during economic crisis 2008−2009. (Salminen, 2011) 

Unit Year of closure 

Kemijärvi chemical pulp mill (Stora Enso) 2008 

Kajaani paper mill (UPM) 2008 

Kangas paper mill (M-real) 2008 

Leivonmäki sawn mill (UPM) 2008 

Varkaus paper board mill (Stora Enso) 2008 

Kaskinen chemical pulp mill (Metsä-Botnia) 2008 

Lielahti chemical pulp mill (M-real) 2008 

Tervasaari chemical pulp mill (UPM) 2008 

Summa paper mill (Stora Enso) 2008 

Anjala magazine paper mill (Stora Enso) 2008 

Luumäki processing and planning mill (UPM) 2008 

Lahti plywood processing (UPM) 2009 

Tolkkinen sawn mill (Stora Enso) 2009 

 

Even if the change during the years of economic crisis would be an interesting period to 

analyse, these years cannot be included to the research due to lack of accurate data. The 

available data considers years from 2010. The quality of data was better after 2010, so it 

was decided that mill closures only after year 2011 are considered. Units closed during 

the considered period are presented in table 13. 
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Table 13. Unit closures from 2011 to 2017. (Pöyry, 2016, p. 18; 

UUTU_forestindustryscenario 2010−2020; Finnish Forest Industries, 2013−2014, p. 15) 

Unit Capacity decrease [t/a] Product Year 

Myllykoski (UPM) 600 000 Magazine papers 2011 

Myllykoski (UPM) 213 000 Groundwood 2011 

Äänekoski (M-Real Oyj) 200 000 Fine paper 2012 

Rauma (UPM) 245 000 Magazine papers 2013 

Veitsiluoto (Stora Enso) 190 000 Magazine papers 2014 

Lohja (Loparex Oy) 68 000 Special papers 2014 

Kaukas (UPM) 270 000 Magazine papers 2014 

Jämsänkoski (UPM) 270 000 Magazine papers 2014 

Kauttua (Jujo Thermal Oy) 10 000 Special papers 2015 

Varkaus (Stora Enso) 285 000 Fine paper 2015 

Kotka (Kotkamills Oy) 185 000 Magazine papers 2016 

Tervasaari (UPM) 100 000 Special papers 2016 

Kyrö (Metsä Board) 105 000 Special papers 2016 

Kyrö (Metsä Board) 74 000 Groundwood 2016 

Äänekoski (Metsä Fibre) 244 000 Chemical pulp 2017 

 

Impacts of closures were examined against the scenario that assumes no units would have 

been closed. The production decrease would have been divided to other similar mills. The 

production was constant between scenarios, but energy consumption might change. If the 

energy consumption decrease due to unit closure was higher than the observed energy 

consumption decrease due to lower production in comparable units, it could have been 

deduced that unit closures improved the total energy efficiency of Finnish forest industry. 

If the consumption decrease due to closures was smaller than the decrease due to lower 

production, the production has been more efficient with old unit than with average newer 

ones. In this thesis, production loss due to closures and capacity decreases were divided 

to the other mills and the total change of energy consumption was calculated. The 

production was divided to as similar units than the closed ones as possible. 

All Finnish pulp and paper industry mills were categorized by their products to ease 

comparing similar mills. Utilized categories are presented in table 14. When similar mills 

were searched, also integration level of mills was observed, if possible.  
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Table 14. Production categories. 

 

Pulp Paper 

Chemical pulp  Paperboard 

Groundwood Magazine paper 

Refiner Fine paper 

Semi-chemical pulp Other paper 

Chemi-mechanical pulp  
Recycled pulp  

 

Every closed unit was considered in its own table. Energy consumption values and 

productions used in scenarios were found from sources presented at the beginning of the 

chapter 7. Also categorization of the mills has done using these sources. As an example, 

review of Mill 36 closure is presented in table 15. Other similar tables are presented in 

appendix I. On the left side of the table the type of product is introduced and the 

production decrease is divided to five mills. Next, at least five mills, whose production is 

assumed to decrease, are presented. In the last column it is calculated how much 

production decrease changes mill’s consumption. Changes were summed up and the total 

change was compared to the energy consumption change of considered unit closed. In 

addition to energy saving of closure, the maximum possible improvement was calculated. 

Maximum improvement assumed that the whole production decrease was allocated to the 

most efficient mill. 

Table 15. Unit closures impact calculation. 

 

Mill 36: paper     

  

Production decrease per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Fine paper 35000 Mill 16 28 

   Mill 30 23 

   Mill 27 24 

   Mill 34 23 

   Mill 28 27 

   Total 125 

      

  Mill 36 closure saves 17 GWh/a 

  Max improvement 92 GWh/a 
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The variation of energy consumption between different mills is high, as can be seen in 

the previous table. The selection of the mills in the table had to be done carefully, 

otherwise there might have been errors. In addition being similar, the energy 

consumptions of the selected mills had to seem as realistic as possible. With large mills, 

the size of possible error increases, so the production changes were divided to more than 

five mills to minimize errors. 

Energy consumption changes due to closures and decreased capacity are presented in 

figure 30. If the saving is negative, energy consumption was increased due to closures. 

At least heat or electricity seems to be saved every year excluding 2013. In 2013 there 

was only one closure. The whole mill was not closed but only one paper machine that 

was relatively energy efficient. In years from 2015 to 2017 a significant amount of heat 

was saved but electricity consumption was decreased slightly. 

 

Figure 30. Energy consumption changes due to production decreases. 

 

Total energy saving due to closures was 302 GWh. The saving of electricity was 105 

GWh and heat 197 GWh. As presented before, electricity consumption of Finnish forest 

industry has decreased 1439 GWh due to energy efficiency improvement from 2011 to 

2017. With these numbers it can be calculated that about 7.0% of the energy efficiency 

improvement has occurred due to unit closures. Energy consumption values with closures 

and without closures are presented in figure 31. Black line estimates behaviour of energy 

consumption if there were no closures. Orange columns describe the actual electricity 
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consumption with closures. It can be seen that energy consumption with closures is lower 

than without them. 

 

Figure 31. Electricity consumption with and without closures. 

 

It was expected that old unit closures improve the energy efficiency of Finnish forest 

industry, but there was no certainty. The results confirm the expectation, but it is still hard 

to say how realistic 7% improvement is. More accurate results could have been possible 

to receive if the review period would have been longer and used data more quality.  

7.2.2 Improvement due to unit start-ups 

Even if a high number of mills have been closed during the recent years, in some units 

the production has increased, and a few new units have been built. Considering pulp and 

paper industry, mainly the capacity of paperboards has increased. Typically unprofitable 

paper machines have been modified to produce paperboard that is currently more 

profitable product than paper. The product change has happened for example in 

Kotkamills. There paper machine that produced magazine paper with capacity of 185 000 

t/a has been converted to machine that produces 400 000 t/a folding boxboard. (Pöyry, 

2016, p. 18)  

Besides capacity and product changes, the most significant new mill is Äänekoski 

biorefinery. Äänekoski can produce chemical pulp 1300 t/a. In addition, Äänekoski 

produces tall oil, biogas and pellets. Also production of bioproducts has increased. During 
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this decade biodiesel production in Lappeenranta, bio oil unit in Joensuu and gasifier 

biogas production in Joutseno have come into operation. (Maa- ja metsätalousministeriö, 

a) New units and capacity increases are presented in table 16. 

Table 16. New mills and capacity increases from 2011 to 2017. (Pöyry, 2016) 

Unit Capacity increase [t/a] Product Year 

Simpele (Metsä Board) 80 000 t/a Paperboard 2011 

Imatra (Stora Enso) 20 000 t/a Paperboard 2015 

Varkaus (Stora Enso) 380 000 t/a Kraftliner 2015 

Kymi (UPM) 170 000 t/a Chemical pulp 2015 

Kotka (Kotkamills Oy) 400 000 t/a Folding boxboard 2016 

Äänekoski (Mestä Fibre) 1300 000 t/a Chemical pulp 2017 

Kymi (UPM) 100 000 t/a Chemical pulp 2017 

 

Impacts of the new unit start-ups were examined the similar way as the old unit closures. 

The base scenario was compared to a scenario where production of new units was divided 

to older ones. If the energy consumption growth of new unit start-ups was lower than the 

energy consumption growth of production increase of older units, new units have 

improved the energy efficiency. Tables that considers energy consumption changes due 

to new unit start-ups are presented in appendix II. Energy consumption changes are shown 

in figure 32. 

 

Figure 32. Energy consumption changes due to new units. 
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During reviewed period, electricity was saved 175 GWh and heat consumption was 

decreased 335 GWh due to unit start-ups and capacity increases. Total energy 

consumption was decreased 510 GWh. About 12% of energy efficiency improvement 

was due to new units start-ups, when electricity consumption is considered. When unit 

closures were considered, it seemed clear that closures improve energy efficiency of 

forest industry. With unit start-ups, it also seems likely that the energy efficiency has 

improved.  

Changes to yearly electricity consumption due to new unit start-ups are presented in figure 

33. Electricity was saved even more with start-ups than closures. There were more unit 

closed than started during reviewed period. On the one hand it could be assumed that new 

unit start-ups improve more energy efficiency than old unit closures. On the other hand, 

lower number of changed units reduces results reliability. 54% of saved heat and 70% of 

saved electricity was due to one large mill start-up so the overall trend is challenging to 

evaluate. The assumption that start-ups improve energy efficiency cannot be confirmed 

with as high certainty than with unit closures.  

 

Figure 33. Electricity consumption with and without new unit start-ups. 

7.2.3 Improvement due to total structural changes 

Total energy saved from 2011 to 2017 due to structural changes was 812 GWh. Energy 

savings are presented in figure 34. Total electricity saving was 280 GWh/a which means 

electricity consumption of total forest industry decreased 1.2% due to structural changes 
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during reviewed period. 19% of energy efficiency improvement was due to structural 

changes. 532 GWh of heat was saved.  

 

Figure 34. Energy saved from 2011 to 2017 due to structural changes. 

 

Heat and electricity were saved every year excluding 2013 when only one paper machine 

was closed and no new ones were started. Based on the figure 34, it can be said that 

structural changes have improved energy efficiency. Most of the values in figure seems 

realistic but heat consumption savings seems high in 2017. The value can be incorrect 

due to lack of reliable data. In that year a new pulp mill with the capacity of more than 

1.3 million tons was started but the actual specific energy consumptions are still unknown. 

Because of the mill’s large size, incorrect SEC value affects significantly especially the 

total heat saving. Values can also be correct. A large modern mill could save a high 

amount of energy. 

The effect of structural changes on electricity consumption from 2011 to 2017 is 

presented in figure 35. One can see that closures have affected more electricity 

consumption than the start-ups in 2011 ̶ 2016. One reason for that is the lower number of 

started units than closed ones. Another possible reason could be the higher quality 

requirements of products. Higher quality requirements of products usually consume more 

energy and for example new additional subprocesses like bark gasification and sulphuric 

acid manufacture consume more energy. In 2017 improvement due to start-ups was high. 
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That is because new efficient unit with high capacity was started. When year 2017 is taken 

into account, the new unit start-ups improved energy efficiency more than closures during 

reviewed period.  

 

Figure 35. Effect of structural changes on energy electricity consumption. 
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8 DISCUSSION 

The results of the research were presented in the previous chapter. This chapter offers 

discussion about results meaning, validity and error sources. The largest error sources of 

this research are the struggles of defining energy consumption and energy efficiency 

precisely and finding correct energy consumption values for each mill. In addition, short 

review period and a low amount of accurate data lower the reliability of the research. 

8.1 Results 

The result of the research was that when electricity usage is considered, about 19% of 

energy efficiency improvement of Finnish forest industry between 2011 and 2017 was 

due to structural changes. 7% of the improvement was due to closures and 12% due to 

start-ups. The results of the research are presented graphically in figure 36. With a 

moderately high certainty it can be confirmed that structural changes have improved the 

energy efficiency of Finnish forest industry. Still about 81% of the improvement was 

caused by other reasons.  

 

Figure 36. Electricity consumption changes from 2011 to 2017. 

 

Previously it was suggested that a major part of the improvement can be mainly a result 

from better technology or higher capacity utilization rate. Besides these factors, new 

modes of operation can improve energy efficiency. New modes of operation and 

technology improvements are presented in figure 37 with more details.  
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Figure 37. Energy efficiency improvements. (Data from Vakkilainen & Kivistö, 2017, 

p. 94, 173, 179) 

 

Electricity consumption can rise due to new additional processes which makes 

researching energy efficiency even more challenging. Higher quality requirements and 

new processing methods were already mentioned before. New pressing and drying 

technologies increase the amount of used electricity but at the same time they reduce heat 

consumption. Tightened environmental requirements with better flue gas cleaning and 

more efficient waste water treatment have also increased electricity consumption. The 

general trend has been that heat consumption has decreased significantly during recent 

years. Decrease of electricity consumption has been more moderate. (Vakkilainen & 

Kivistö, 2017, p. 187, 188) In summary, saving heat has been easier than saving 

electricity. The result of the research was similar with these trends. Heat was saved almost 

two times more than electricity due to structural changes during reviewed period.   

It can be assumed, that old mills with old technology are not as energy efficient than 

newer ones. Usually, the newer the mill is, the better is the used technology and energy 

efficiency. These assumptions seem reasonable in comparison with the results of this 

research. In addition to structural changes, many factors have improved energy efficiency. 

It seems possible that 19% of energy efficiency improvement, considering electricity 

usage, was due to structural changes and 81% due to other reasons. Heat consumption 
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has decreased more than electricity consumption, but certain energy efficiency 

improvement values cannot be calculated because there is no data about total heat 

consumption of Finnish forest industry. After all, although it can be said structural 

changes have improved energy efficiency, the numerical results are not an absolute truth. 

Several factors could cause inaccuracy to results, and that is why the results are only 

indicative. Factors that caused inaccuracies are presented in the following chapters. 

Maximum improvement was also calculated comparing closed unit to similar mill with 

the lowest energy consumption and started unit to similar mill with the highest energy 

consumption. The result was that electricity saving would be 1055 GWh and heat saving 

1710 GWh. Especially heat saving potential seems high. With these numbers can be 

noticed that closed units have significantly worse energy efficiency than the most efficient 

existing ones and started units are clearly better than some existing ones.      

This thesis explains 19% of energy efficiency improvement from 2011 to 2017. In further 

researches, it could be attempted to define the other reasons for the improvement. A 

couple of affecting factors can be listed but no one knows what the size of the impacts is. 

Researching this topic, however, could be practically impossible. There should be a high 

amount of available data about changes that are done in the mills and about energy 

consumptions. One major problem is that the mills do not report minor changes in public. 

In addition, it should be researched how structural changes have affected energy 

efficiency of the global forest industry. Also this research could be repeated. If more 

quality data will be available, more accurate results can be obtained easily using same 

calculation method than in this research. 

8.2 Problems with defining energy consumption and efficiency 

It is not always easy to measure precisely the energy consumption of processes. The most 

challenging part of defining energy consumption is to obtain numbers that can be 

compared with other mills. Considering pulp and paper mills, the main problem is that 

the mill seldom produces only one product grade. Each produced grade and used raw 

material combination have their own specific energy consumption. Typically, the 

consumed energy is reported yearly, so the distribution of products impacts strongly to 

the reported value.  
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Another problem with defining certain energy consumption are relationships between 

different process stages. For example, if secondary steam is generated in one department 

and reused in another, it is not clear how the energy consumption for each department 

should be calculated. The lack of uniform measurement system complicates departmental 

comparison of energy consumption between different mills. In this thesis the whole mill 

was researched so departmental differences were not a problem, but if the mill is 

producing more than one product, energy consumption had to be divided to different 

products and it can be challenging.   

There can be problems with measuring devices. Devices are not the same in every mill 

and the measurements are not made in a same way. Measurement devices can also be 

broken, inaccurate or missing. In addition, it is possible that there is no interest to 

concentrate on energy use measurements. (Vakkilainen & Kivistö, 2017, p. 91) It is also 

possible that the energy consumption of mill is known but it is kept secret for commercial 

purposes. 

Factors that are not related to the mill causes challenges. Climate conditions affect the 

energy consumption. Wood has to be de-iced and water and buildings have to be heated 

up in cold countries. This makes comparison of mills in different countries challenging. 

A mill situated in relatively cold country can consume more energy than a mill in warm 

country, even if the first one would be more energy efficient. Climate causes variation 

also when mill’s own consumption is considered. For example, cold winter makes energy 

consumption values seem high and warm winter lower. 

When energy consumption is measured, there is always some variation. Short- and long-

term specific electricity consumption variations of thermomechanical pulp and 

groundwood pulp are presented in figure 38. During the measurement period specific 

energy consumption of TMP has been varying between over 4 MWh/t and under 3 

MWh/t. The variation is significant. It is difficult to say what the reason of every observed 

change is. It is also challenging to define what the specific energy consumption value of 

the mill is.  
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Figure 38. Variation of specific energy consumption. (Sivill & Ahtila, 2009, p. 6) 

 

Mill’s operating speed affects significantly the energy consumption as can be seen in 

figure 39. Mill consumes energy even if it is producing nothing. When production 

increases, consumed energy per ton of product typically decreases. Considering the case 

in the figure, the specific heat consumption of pulp is 18 GJ/t with average daily 

production of 1000 tons of pulp and 10 GJ/t when production is 1900 tons of pulp per 

day. The difference is huge. It is challenging to evaluate mill’s energy consumption 

because the same mill can have a large variation of energy consumption values due to 

different operating speeds. 

 
Figure 39. Variation of specific energy consumption due to production changes. 

(Svinhufvud, p. 8) 
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8.3 Industrial symbiosis as a future problem 

Industrial symbiosis means cooperation between different units. Many resources such as 

energy, material, water and effluent treatment can be shared. Organization like that makes 

using resources more efficient. Some by-product that is waste for one unit can be a 

valuable raw material for another. Industrial symbiosis is an increasing trend. Symbiosis 

benefits owners of the units as lower costs but at the same time it also helps solving 

current problems in the world. The world population and wellbeing are increasing 

continuously. Need for raw materials and energy is higher and higher so solutions that 

makes using resources more efficient are needed. Tightened legislation that forces units 

to reduce emissions is also a significant driving force for industrial symbiosis. (Leino, 

2016, p. 8) 

Forest industry is an example of industrial symbiosis already. Many products are made in 

the same mill and usually there are also shared energy production plants. Especially when 

chemical pulp is made, many side streams can be used as a raw material of some other 

products. Probably more and more of these side streams will be used to production, which 

means that units will become more complex. Currently a few Finnish forest industry units 

use side streams efficiently. Äänekoski, Sunila and Kaukas are examples of existing 

industrial symbiosis of Finnish forest industry. Finnpulp in Kuopio, that not exists yet, is 

also designed to be effective user of side streams. (Leino, 2016, p. 20, 31, 32) 

Äänekoski is the largest and the most modern pulp mill in Finland. Besides pulp it 

produces other products. Side streams and products that Äänekoski mill produces or could 

produce in the future, are presented in figure 40. Now Äänekoski produces pulp, 

turpentine, tall oil, biogas, bioenergy and sulphuric acid (Metsä Fibre, b). Research is 

done continuously to find new products that could be produced. Energy production is 

efficient in Äänekoski. No fossil fuels are used and electricity is produced 2.4 times more 

than consumed. (Biotalous, 2016) 
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Figure 40. Äänekoski mill’s side streams and possible products. (Biotalous, 2016) 

 

Sunila pulp mill has also industrial symbiosis. LignoBoost process is used in Sunila. The 

mill can produce 50 000 tons lignin in a year besides pulp production. Lignin is extracted 

from black liquor. Extracted lignin can be used as a raw material of different biofuels. 

(Stora Enso, e) 

 

Kaukas is a forest industry unit that produces pulp, paper and sawn wood. A biorefinery 

that produces biofuel from tall oil was started in 2015 (Mälkiä, 2016). Industrial 

symbiosis of Kaukas is presented in figure 41. Many units are in symbiosis around the 

pulp mill. Residues such as bark and sludge that cannot be used in production, are fired 

in Kaukaan Voima’s boiler to produce energy. An example of efficient side streams usage 

is that in Kaukas sand from chip screening and ash from lime kiln are used for soil 

improvement and ash from Kaukaan Voima is used as a fertilizer. (Leino, 2016, p. 21, 

25) 
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Figure 41. Industrial symbiosis in Kaukas. (Leino, 2016, p. 21) 

  

On the one hand industrial symbiosis is a useful concept when sufficiency and efficient 

usage of raw materials and energy are considered. On the other hand, the industrial 

symbiosis can cause some problems. The problems consider defining energy 

consumption of certain mills. When there are bio-oil and bio-ethanol refineries, 

biomethane reactors, biomass gasification and bio coal facilities and lignin extraction 

systems around the pulp mill it can be difficult to define energy consumption of pulp mill. 

Mill owners are interested in especially total energy consumption of the mill, not certain 

departments and usually the total consumption is announced.  
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9 CONCLUSIONS 

Energy efficiency of forest industry is an important issue. With a high energy efficiency, 

energy supply security can be improved, emissions can be reduced and global warming 

can be slowed down. Also operation costs of mills can be reduced if energy is used 

efficiently. It is not always clear what factors are affecting energy efficiency and how 

much. Enhancing awareness of affecting factors can ease improving the energy 

efficiency. 

Forest industry is energy intensive, so there is a high potential to reduce amount of used 

energy by improving energy efficiency. Energy consumption varies between different 

forest industry products. Chemical forest industry consumes much more energy than 

mechanical forest industry. Energy consumption of similar products can also differ. 

Several factors affect the energy consumption in mills, such as mill’s size and age, used 

processes, climate conditions, raw materials, production mix and operational choices. 

Comparison of different mills is challenging but energy efficiency indicators can be used 

for that purpose. Besides evaluating energy efficiency of certain mills, it is also important 

to consider the total energy efficiency of forest industry.  

The aim of this thesis was to evaluate how forest industry structural changes affect the 

total energy efficiency. Structural changes consist of unit closures, unit start-ups and 

capacity changes. The main research questions were how unit closures and start-ups affect 

the Finnish forest industry energy efficiency and what the size of the impacts is. The 

research was done using existing statistical information. Original statistics was improved 

by searching information from environmental permits and reports, theses and articles. 

Literature review was done before actual research to clarify backgrounds of forest 

industry. The literature review presented current state of forest industry, forest industry 

technologies and energy demand and supply of forest industry.  

Period from 2011 to 2017 was reviewed in this thesis. Longer period would have been 

used if data had been more quality. During reviewed period annual electricity 

consumption of Finnish forest industry decreased 1909 GWh. The decrease was result 

mainly from reduced production, changed production mix and improved energy 

efficiency. It was assumed that decrease due to energy efficiency improvement was 1439 
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GWh, which is 6.7% of the total energy consumption in the beginning of the reviewed 

period. That means, between 2011 and 2017 energy efficiency improvement was 

approximately 1.1%/a.  

During reviewed period there were 13 unit closures and 6 unit start-ups. All these 

researched units were chemical forest industry units. Using energy consumption values 

two scenarios were made. The first scenario assumed that no old units had closed but 

production decrease was divided to 5 ̶ 10 mills. The second scenario assumed no new 

mills were started but mills were closed and the production for each year was left 

unchanged. With these scenarios was evaluated that electricity consumption has 

decreased 105 GWh due to closures and 175 GWh due to start-ups. Heat was saved totally 

532 GWh. Answers to research questions were obtained. Both unit closures and start-ups 

have been improving the energy efficiency of Finnish forest industry. When electricity 

usage is considered, structural changes’ share of the energy efficiency improvement has 

been 19%. However, over four fifth of improvement has taken place due to other reasons 

such as new technology and improved modes of operation.  

It seems that the research confirms the assumption that closures and start-ups improve the 

energy efficiency. The research would have been more reliable if there has been more 

data with high quality. Longer review period with more structural changes would have 

been more informative. There was more closures than start-ups, and consequently can be 

assumed that results considering closures are more reliable. There was a significant 

amount of error sources so at least numerical results are indicative. Some values in used 

statistics can be inaccurate. Energy consumption of mills can be measured or announced 

incorrectly. Mill’s energy consumption is not constant but depends on several factors, 

such as operating speed of the mill or climate conditions. Total energy consumption of 

the mill is typically announced. If the mill produces more than one product, the 

consumption must be divided to certain products and values estimated in that way are 

only approximations. In the future, defining certain departmental consumption can be 

even more difficult due to industrial symbiosis that means there will be many different 

units in the same mill site using same materials and energy.   
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APPENDIX I. ENERGY CONSUMPTION CHANGES DUE TO 

CLOSURES 

Electricity: 

 

 

 

 

 

 

 

Mill 15: pulp and paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 93000 Mill 15 158 

Groundwood 42600 Mill 7 95 

   Mill 8 175 

   Mill 37, paper 65 

   Mill 12, pulp 70 

   Mill 9, paper 122 

   Mill 11, pulp 47 

   Total 731 

      

  Mill 15 closure saves 59 GWh/a 

  Max improvement 181 GWh/a 

Mill 36: paper     

  

Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Fine paper 35000 Mill 16 28 

   Mill 30 23 

   Mill 27 24 

   Mill 34 23 

   Mill 28 27 

   Total 125 

      

  Mill 36 closure saves 17 GWh/a 

  Max improvement 92 GWh/a 



 

 

 

Mill 27: paper     

  

Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 28000 Mill 27 19 

   Mill 29 22 

   Mill 7 29 

   Mill 8 24 

   Mill 9 17 

   Total 111 

      

  Mill 27 closure saves -15 GWh/a 

  Max improvement 10 GWh/a 

 

 

 

Mill 32: paper     

  

Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 39 000 Mill 32 32 

   Mill 8 33 

   Mill 27 27 

   Mill 7 40 

   Mill 29 31 

   Total 163 

      

  Mill 32 closure saves -5 GWh/a 

  Max improvement 25 GWh/a 

Mill 21: paper       

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Other paper 12000 Mill 21 21 

   Mill 16 18 

   Mill 31 8 

   Mill 20 13 

   Mill 19 15 

   Total 75 

      

  Mill 21 closure saves 28 GWh/a 

  Max improvement 66 GWh/a 



 

Mill 29: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 40 000 Mill 29 32 

   Mill 32 32 

   Mill 9 24 

   Mill 37 28 

   Mill 8 34 

   Total 151 

      

  Mill 29 closure saves 9 GWh/a 

  Max improvement 38 GWh/a 

 

Mill 6: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 33 000 Mill 6 39 

   Mill 32 27 

   Mill 9 20 

   Mill 37 22 

   Mill 7 34 

   Total 142 

      

  Mill 6 closure saves 54 GWh/a 

  Max improvement 95 GWh/a 

 

Mill 20: paper     

  
Production decrease per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Other paper 2000 Mill 20 2 

   Mill 19 3 

   Mill 37 1 

   Mill 31 1 

   Mill 16 3 

   Total 10 

      

  Mill 20 closure saves 0.7 GWh/a 

  Max improvement 5 GWh/a 

 

 



 

Mill 34: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 43000 Mill 34 28 

   Mill 32 35 

   Mill 29 34 

   Mill 8 36 

   Mill 9 26 

   Total 160 

      

  Mill 34 closure saves -21 GWh/a 

  Max improvement 8 GWh/a 

 

Mill 37: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 28000 Mill 37 19 

   Mill 32 23 

   Mill 9 17 

   Mill 8 24 

   Mill 7 29 

   Total 111 

      

  Mill 37 closure saves -17 GWh/a 

  Max improvement 8 GWh/a 

 

Mill 22: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Other paper 15 000 Mill 22 19 

   Mill 31 9 

   Mill 16 23 

   Mill 35 19 

   Mill 33 8 

   Total 79 

      

  Mill 22 closure saves 15 GWh/a 

  Max improvement 52 GWh/a 

 

 



 

Mill 10: pulp and paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Other paper 14000 Mill 10 32 

Groundwood 15 000 Mill 8 45 

   Mill 9 31 

   Mill 37, paper 9 

   Mill 31, paper 9 

   Mill 11, pulp 17 

   Mill 12, pulp 24 

   Total 170 

      

  Mill 10 closure saves -1 GWh/a 

  Max improvement 11 GWh/a 

 

Mill 36: pulp      

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Chemical pulp 101000 Mill 36 60 

   Mill 31 61 

   Mill 33 72 

   Mill 35 67 

   Mill 28 57 

   Total 317 

      

  Mill 36 closure saves -19 GWh/a 

  Max improvement 12 GWh/a 

 

 

 

 

 

 

 

 

 



 

Heat 

Mill 15: pulp and paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 93000 Mill 15 140 

Groundwood 42600 Mill 7 158 

   Mill 8 112 

   Mill 37 142 

   Mill 12 0 

   Mill 9 122 

   Mill 11 0 

   Total 674 

      

  Mill 15 closure saves 24 GWh/a 

  Max improvement 87 GWh/a 

 

Mill 36: paper     

  

Production decrease 

per mill [t/a]  Mill 

Energy consumption 

change [GWh/a] 

Fine paper 35000 Mill 36 47 

   Mill 30 50 

   Mill 27 40 

   Mill 34 52 

   Mill 28 42 

   Total 232 

      

  Mill 36 closure saves 2 GWh/a 

  Max improvement 32 GWh/a 

 

Mill 32: paper     

  

Production decrease 

per mill [t/a] Mill 

 Energy consumption 

change [GWh/a] 

Magazine paper 39 000 Mill 32 53 

   Mill 8 47 

   Mill 27 73 

   Mill 7 66 

   Mill 29 46 

   Total 285 

      

  Mill 32 closure saves -20 GWh/a 

  Max improvement 37 GWh/a 



 

 

Mill 27: paper     

  

Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 28000 Mill 27 53 

   Mill 29 33 

   Mill 7 48 

   Mill 8 34 

   Mill 9 37 

   Total 203 

      

  Mill 27 closure saves 59 GWh/a 

  Max improvement 99 GWh/a 

 

Mill 21: paper       

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Other paper 12000 Mill 21 33 

   Mill 16 28 

   Mill 31 16 

   Mill 20 29 

   Mill 19 33 

   Total 139 

      

  Mill 21 closure saves 26 GWh/a 

  Max improvement 85 GWh/a 

 

Mill 29: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 40 000 Mill 29 47 

   Mill 32 54 

   Mill 9 53 

   Mill 37 61 

   Mill 8 48 

   Total 263 

      

  Mill 29 closure saves -29 GWh/a 

  Max improvement -7 GWh/a 

 



 

 

Mill 6: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 33 000 Mill 6 47 

   Mill 32 45 

   Mill 9 43 

   Mill 37 50 

   Mill 7 56 

   Total 242 

      

  Mill 6 closure saves -7 GWh/a 

  Max improvement 18 GWh/a 

 

Mill 20: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Other paper 2000 Mill 20 5 

   Mill 19 6 

   Mill 37 5 

   Mill 31 3 

   Mill 16 5 

   Total 22 

      

  Mill 20 closure saves 1.7 GWh/a 

  Max improvement 11 GWh/a 

 

Mill 34: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 43000 Mill 34 70 

   Mill 32 58 

   Mill 29 50 

   Mill 8 52 

   Mill 9 56 

   Total 287 

      

  Mill 34 closure saves 64 GWh/a 

  Max improvement 100 GWh/a 

 



 

 

Mill 37: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Magazine paper 28000 Mill 37 43 

   Mill 32 38 

   Mill 9 37 

   Mill 8 43 

   Mill 7 48 

   Total 209 

      

  Mill 37 closure saves 5 GWh/a 

  Max improvement 30 GWh/a 

 

Mill 22: paper     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Other paper 15 000 Mill 22 27 

   Mill 31 20 

   Mill 16 35 

   Mill 35 23 

   Mill 33 22 

   Total 127 

      

  Mill 22 closure saves 9 GWh/a 

  Max improvement 25 GWh/a 

 

Mill 10: paper and pulp     

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Other paper 14000 Mill 10 18 

Groundwood 15 000 Mill 8 17 

   Mill 9 18 

   Mill 37 21 

   Mill 7 19 

   Mill 11 0 

   Mill 22 0 

   Total 93 

      

  Mill 10 closure saves -2 GWh/a 

  Max improvement 7 GWh/a 



 

 

Mill 36: pulp      

  
Production decrease 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Chemical pulp 101000 Mill 36 317 

   Mill 31 294 

   Mill 33 297 

   Mill 35 344 

   Mill 28 266 

   Total 1519 

      

  Mill 36 closure saves 66 GWh/a 

  Max improvement 256 GWh/a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

APPENDIX II. ENERGY CONSUMPTION CHANGES DUE TO 

START-UPS 

Electricity 

Mill 11: paper     

  
Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Paperboard 15000 Mill 11 7 

   Mill 12 9 

   Mill 10 12 

   Mill 35 10 

   Mill 36 12 

   Total 43 

      

  Mill 11 enlargement saves 15 GWh/a 

  Max improvement 26 GWh/a 

 

Mill 35: paper     

  
Production decrease per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Paperboard 3750 Mill 35 2.5 

   Mill 24 2.8 

   Mill 9 2.3 

   Mill 33 2.1 

   Mill 36 3.0 

   Total 10 

      

  Mill 35 enlargement saves 0 GWh/a 

  Max improvement 2 GWh/a 

 

 

 

 

 

 

 



 

Mill 34: paper     

  
Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Paperboard 71250 Mill 34 34 

   Mill 35 48 

   Mill 12 43 

   Mill 33 40 

   Mill 9 43 

   Total 174 

      

  Mill 34 enlargement saves 36 GWh/a 

  Max improvement 65 GWh/a 

 

Mill 30: pulp       

  
Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Chemical pulp 31875 Mill 30 21 

   Mill 32 22 

   Mill 28 18 

   Mill 29 25 

   Mill 31 19 

   Total 84 

      

  Mill 30 enlargement saves -1 GWh/a 

  Max improvement 16 GWh/a 

 

Mill 37: paper     

  

Production increase per mill 

[t/a] Mill 

Energy consumption 

change [GWh/a] 

Paperboard 75000 Mill 37 45 

   Mill 35 50 

   Mill 12 45 

   Mill 36 60 

   Mill 9 46 

   Total 201 

      

  Mill 37 enlargement saves 21 GWh/a 

  Max improvement 75 GWh/a 

 

 

 

 



 

Mill 36*: pulp     

  
Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Chemical pulp 97500 Mill 36 57 

   Mill 3 71 

   Mill 31 59 

   Mill 35 65 

   Mill 29 75 

   Mill 5 82 

   Mill 33 69 

   Mill 3 64 

   Mill 28 55 

   Mill 32 68 

   Total 666 

      

  Mill 36 start-up saves 95   

  Max improvement 249   

*Due to large size of the mill, the production increase is divided to ten mill instead of five 

to minimize errors. 

Mill 30: pulp       

  

Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Chemical pulp 18750 Mill 30 11 

   Mill 33 13 

   Mill 32 13 

   Mill 29 14 

   Mill 31 11 

   Total 52 

      

  Mill 30 enlargement saves 9   

  Max improvement 18   

 

 

 

 

 

 



 

Heat 

Mill 11: paper     

  
Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Paperboard 15000 Mill 11 25 

   Mill 12 26 

   Mill 10 20 

   Mill 35 23 

   Mill 36 23 

   Total 93 

      

  Mill 11 enlargement saves -6 GWh/a 

  Max improvement -26 GWh/a 

 

Mill 35: paper     

  
Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Paperboard 3750 Mill 35 5.8 

   Mill 24 5.7 

   Mill 9 4.9 

   Mill 33 5.5 

   Mill 36 5.8 

   Total 22 

      

  Mill 35 enlargement saves -1 GWh/a 

  Max improvement 0 GWh/a 

 

Mill 34: paper     

  
Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Paperboard 71250 Mill 34 110 

   Mill 35 111 

   Mill 12 125 

   Mill 33 105 

   Mill 9 94 

   Total 435 

      

  Mill 34 enlargement saves -5 GWh/a 

  Max improvement 78 GWh/a 

 



 

Mill 30: pulp     

  
Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Chemical pulp 31875 Mill 30 72 

   Mill 32 99 

   Mill 28 84 

   Mill 29 97 

   Mill 31 93 

   Total 373 

      

  Mill 30 enlargement saves 84 GWh/a 

  Max improvement 133 GWh/a 

 

Mill 37: paper     

  

Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Paperboard 75000 Mill 37 109 

   Mill 35 116 

   Mill 12 132 

   Mill 36 117 

   Mill 9 99 

   Total 464 

      

  Mill 37 enlargement saves 29 GWh/a 

  Max improvement 40 GWh/a 

 

 

 

 

 

 

 

 

 

 



 

Mill 36*: pulp     

  
Production increase 

per mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Chemical pulp 97500 Mill 36 273 

   Mill 3 344 

   Mill 31 284 

   Mill 35 333 

   Mill 29 297 

   Mill 5 315 

   Mill 33 287 

   Mill 30 273 

   Mill 28 257 

   Mill 32 302 

   Total 2965 

      

  Mill 36 start-up saves 235   

  Max improvement 712   

*Due to large size of the mill, the production increase is divided to ten mill instead of five 

to minimize inaccuracy. 

Mill 30: pulp     

  

Production increase per 

mill [t/a] Mill 

Energy consumption 

change [GWh/a] 

Chemical pulp 18750 Mill 30 56 

   Mill 33 55 

   Mill 32 58 

   Mill 29 57 

   Mill 31 55 

   Total 225 

      

  Mill 30 enlargement saves 0   

  Max improvement -5   

 

 


