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(7)1  INTRODUCTION 


The study aims to present the development of process engineering during the history 
 of the Finnish pulp and paper industry and to forecast its future trends and develop-
 ment. The research questions on which this study concentrates are: 


-  What will be the future significance of process engineering in pulp and paper in-
 dustry projects? 


-  What will be the tools used by process engineers?     


The sources of information for this study consist of literature, archives of case mills 
 and interviews with veteran engineers and engineers who have been or continue to be 
 involved in process engineering activities either as process engineers or as users of 
 process engineering products. 


The work flow of the study is presented in Figure 1. 


Own experience


Research interviews,
 abt 10 persons


Conclusions and
 recommendations


Literature


survey Archive material


Figure 1 Work flow of the study 



(8)2  PURPOSE OF THE STUDY 


The pulp and paper industry is one of the cornerstones of the Finnish industry, consti-
 tuting a very important part of the Finnish economy since the beginning of 20th cen-
 tury. The share of the pulp and paper industry of Finland’s gross national product is 
 today around 5 % and the pulp and paper industry accounts for about one-fifth of total 
 industrial output [13]. 


The Finnish pulp and paper industry is expected to retain its important role in the fu-
 ture, the main reasons being the following [86]: 


-  Finland cannot afford its position in the forest products industry to erode. The 
 country maintains an intensive focus on the forest products industry and is willing 
 to invest and reinvest the necessary capital to remain on top. 


-  The Finnish forest products industry invests in its human resources. 


-  The Finnish forest products industry has a long history of close cooperation with 
 its producer and supplier companies. This has led to major papermaking break-
 throughs. There are several major technical centres for pulp and paper engineering 
 in Finland, and new technology is often implemented first in Finnish pulp and pa-
 per mills.       


In the historic accounts of pulp and paper companies, the names of the architects are 
 often mentioned, because many of the industrial buildings are architectural master-
 pieces. Less publicity is given to other designers, though from the viewpoint of a 
 mill’s economic success the professional skills of process, mechanical, electrical and 
 automation designers is much more critical. 


The role of design engineering in an industrial project is vital in gathering relevant in-
 formation from the project owner, society, local community, equipment suppliers and 
 other stakeholders, and in processing this information into documented plans for 
 building the mill and taking it into operation. Without correctly selected equipment, 
 correct sizing of sub-systems and an optimally functioning process, an industrial plant 
 may not reach its planned capacity or may consume much more raw materials, energy 
 and other resources and cause unacceptable environmental impacts.  


The central role of design engineering in an industrial project is illustrated in Figure 2.      



(9)Figure 2 Design engineering in an industrial project 


The role of process engineering as a transmitter of information to detail engineering 
 disciplines is illustrated in Figure 3.  
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Figure 3 Role of process engineering in the engineering process 
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(10)The history of process engineering is presented against the background of two case 
 mills, which are: 


-  The Kuusankoski mills of UPM-Kymmene Corporation, which were established in 
 1872, and have included various pulp, paper, mechanical pulp and chemical indus-
 tries over many years    


-  The Joutseno pulp mill of Metsä-Botnia Oy, which was established in 1908, and 
 has always been a sulphate pulp mill 


The histories of the case mills are presented briefly, and their latest projects are de-
scribed from the viewpoint of process engineering. 



(11)3  HISTORICAL SURVEY 


3.1  Pulp and Paper Industry in Finland 


The history of the pulp and paper industry in Finland dates back to 1667, when the 
 first paper mill started operating at Thomasböle near Tammisaari. It was a  small hand 
 paper mill, as all mills were at that time, and paper manufacture in those early years 
 cannot be considered as a process in today’s meaning of this term but rather as a series 
 of manual unit operations. The owner of the paper mill was bishop Johan Gezelius, Sr. 


The name of the first paper master is known: he was Bertil Obenher, who was re-
 cruited from a paper mill in Uppsala, Sweden [13]. The paper mill was in operation 
 until 1713 [3]. 


The first commercial paper mill was founded in 1764 in the village of Järvenoja, near 
 Turku by some merchants from Turku. The mill employed eight people in 1770, mak-
 ing printing paper, note paper, music paper and heavy wrapping paper. By 1794 the 
 mill’s ownership was transferred to J.C. Frenckell, who was a printer in Turku [78].    


A paper machine designed for continuous paper manufacture was patented by Jean 
 Louis Robert in 1799, and the first paper machines were manufactured by the 
 Fourdrinier brothers in England.   


Finland’s first paper machine was installed in 1842 by J.C. Frenckell at his mill in 
 Tampere. The paper machine was manufactured in England. Until 1918, the mill used 
 rags for raw material and the paper machine operated at the original site until 1929, 
 when it was transferred to Pori, where it remained in operation for many years [41]. 


A very important step forward in paper manufacture was the introduction of wood fi-
 bres as raw material. As this new raw material was abundantly available in Finland, 
 several groundwood pulp mills and paper and board mills were built in Finland in the 
 late 1860s and early 1870s. These included: 


-  Hounijoki 1859 


-  Tampere   1866 


-  Mänttä   1868 


-  Nokia   1869 


-  Ankkapurha (Anjala)  1872 


-  Werla   1872 


-  Kuusankoski 1872 


-  Kymi   1873 


-  Voikkaa   1873 


As the grinding process consumed a lot of power, the mills were built beside rapids, so 
waterpower could be used to drive the grinding machines. This is why the mills in 



(12)many cases were quite far from the markets, which caused serious problems in trans-
 porting the mills’ products. 


In 1857 chemical pulping was invented. The first chemical sulphite pulp mill was 
 started in 1874 in Bergvik, Sweden [1]. 


The first chemical pulp mill was founded in Finland in 1876 in the village of Nurmi 
 near Vyborg in Karelia, manufacturing saleable pulp with an initial capacity of 200 – 
 300 t/a. In 1890 the mill was converted into a sulphite pulp mill [100].  


The second chemical pulp mill in Finland was started up in 1880, when the soda pulp 
 mill at Valkeakoski started production. This mill was converted into a sulphate pulp 
 mill as early as 1886. 


As the pulp had a light colour which made it a suitable raw material for newsprint and 
 printing papers, several new sulphite pulp mills were established in the following 
 years. By 1916 there were 20 sulphite pulp mills in Finland. 


The next sulphate pulp mills after Valkeakoski were founded after the turn of the cen-
 tury; between 1900 and 1910 six new sulphate pulp mills were started up. The advan-
 tage of sulphate pulp mills compared to sulphite was that also other species than 
 spruce could be used as the raw material. A disadvantage was the dark colour of the 
 pulp, which made it unsuitable for printing and writing grades without bleaching. On 
 the other hand, the strength of the pulp made it a good raw material for packaging pa-
 per grades.    


Before World War I, the sales of pulp and paper were directed almost entirely to Rus-
 sia, but the Russian revolution and Finland’s independence in 1917 closed this market. 


At this time, Finnish pulp and paper mills joined forces in searching for new markets, 
 establishing in 1918 sales associations for pulp, paper and board: Finncell, Finnpap 
 and Finnboard, respectively. Later also a sales association for paper converters, Con-
 verta, was founded. All major producers joined these associations, making Finnish 
 producers much stronger in the market than they would have been on their own. 


Most Finnish pulp and paper companies conducted their marketing through these as-
 sociations who quickly established global marketing networks. Gradually, some com-
 panies, notably Kymmene Corporation, started handling their paper marketing inde-
 pendently. The sales associations operated until the 1990s, when the remaining Fin-
 nish forest industry companies had become so big through the industry’s consolidation 
 that they had the resources to conduct their marketing worldwide by themselves. 


3.2  Technology in Pulp and Paper Mills 


In the early days of pulp and papermaking, the technology was largely manual and pa-
 permaking skills were learnt from older craftsmen, the paper masters. The feeling for 
 stock consistencies, ratios between stock components and other properties came 
 through learning, and controls were made manually.   


According to Talvio [14], the difficulties in measuring the properties of process vari-
ables in pulp stock slowed down the development of instrumentation for pulp and pa-
per manufacture. The most reliable sensors were the senses of the operators, and thus 
papermaking was more an art than a science. 



(13)The only sensors up to the 1940s were pressure transmitters and thermometers. In the 
 1960s diaphragm gauges were developed for measuring levels in stock tanks. Mag-
 netic flow transmitters were developed in the late 1950s. 


The control of stock measurements was difficult until the invention of ball valves for 
 control purposes in the 1960s. Neles Oy was the first company to launch applications 
 for pulp and paper industry, based on Antti Nelimarkka’s development work [47].  


Fibre properties are still measured with discontinuous measurements which give only 
 a partial description of properties (CSF, oSR) [87] [88].     


The requirements for measurement and control in chemical pulping continued to in-
 crease with the development of pulp bleaching and chemical recovery processes. The 
 problems related to measurements evolved from the heterogeneity of the raw materials 
 to be measured.  


Paper properties have also been very difficult to measure. Moisture measurements 
 have been carried out with several different methods.  


Central control rooms were constructed in some American pulp and paper mills in the 
 early 1960s. In Finland, the first central control room was built in the Uimaharju pulp 
 mill started up in 1967 [94], and it was considered a break-through in the process 
 automation of a chemical pulp mill. 


Computer control of paper machines started developing in the 1960s and the first con-
 trol packages for basis weight and moisture control soon entered the market. 


In the 1970s, field instruments developed rapidly. Microprocessors were invented and 
 based on these, programmable logics, distributed control systems and data highways 
 were developed. Several Finnish companies developed systems for automatic control 
 of pulp and paper manufacturing processes.    


The distributed control systems became the normal way of process control in 1980s 
 [15]. The control philosophy acquired in Finland was to integrate both motor controls 
 and automation controls in the same system, unlike the typical American application 
 in which motor controls were implemented with a programmable logic system and 
 automation controls with the process control system. 


The first process control systems of the Finnish suppliers were ready to be taken into 
 operation; Damatic by Valmet Oy and Alcont by Altim Control Oy were the brands 
 capturing a major share of Finnish pulp and paper industry installations.  


Other applications for the pulp and paper industry were developed among others by 
 Strömberg (drive systems, frequency converters, web fault inspection systems), Nokia 
 (Afora, Autocook, Autobleach), Kajaani Elektroniikka (pulp analyzers), Roibox Oy 
 (web fault inspection systems).   


From the 1990s onwards, the main trends in the development of control systems have  
been combined control systems, which allow the process control system, machine con-
trol systems and quality control system to be integrated and controlled from the same 
operator stations; the development of data freeways for much higher data transfer; and 
the development of operator station graphics and history data. Today, this has led to 
increased integration of field systems as well as enterprise integration. 



(14)Intelligent field instruments for pressure, level and consistency measurement have also 
 been developed. 


Sensor technology has developed in giant steps.  In the 1990s and the current decade, 
 several new sensors have been developed for on-line measurements of the stock in the 
 short circulation [28] [43] [62]. The measurements of paper properties can be inte-
 grated into machine elements [77] and sensors are becoming smarter and also include 
 condition monitoring capabilities.  


ICT technology has also brought wireless technology to process controls, as operator 
 interfaces can today be wireless. A future development may be the wireless sensors 
 that are inserted in the pulp stock, which make the required measurements [57].   


Remote diagnostic systems, which keep machine suppliers’ experts informed about 
 the status of processes and operating conditions via the Internet and give advice to op-
 erators, is gaining popularity in pulp and paper mills. This technology is considered 
 useful in resolving problem situations, while representing a new form of commitment 
 between pulp and paper mills and equipment suppliers [42].      


3.3  Kymi Mills  


From 1872 to the end of Autonomy 


The Kymi Mills were founded in 1872 as two separate companies: Kymmene Aktie-
 bolag on the eastern shore of the Kymmene River and Kuusankoski Aktiebolag in 
 Myllysaari, a little island on Kymmene River in the middle of the Kuusa rapids. Both 
 companies started to build groundwood mills and board machines, and Kuusankoski 
 Ab started its mill in the summer of 1873. It consisted of a groundwood mill with four 
 grinding machines and a board mill with three board machines [102]. 


The groundwood mill of Kymmene Ab was started in 1874 and it included five grind-
 ing machines. It was the biggest groundwood mill in Finland. The mill also included a 
 paper machine and board machines. 


During their first years of operation, both companies suffered economic difficulties. 


The economy of the paper industry started to improve in the late 1870s and 1880s, 
 which was a good period for the paper industry. Kymmene Ab was able to utilize this 
 advantageous situation, as the mills were in good shape after almost 10 years of con-
 struction and operation. Kuusankoski was an advantageous location because of the 
 railway connection from Kouvola to St Petersburg, while foreign competitors had to 
 pay customs duties. A second paper machine with three grinding machines was started 
 up in 1882. In 1883 the paper production was 2300 tons, mostly wallpaper, and the 
 groundwood production was 1600 tons. The quality of the wallpaper was very good. 


In 1883 dividends were paid to the shareholders for the first time. 


In 1885, Kymmene Ab decided to build a chemical pulp mill. The basis for this deci-
sion was the availability and cost of rags, which had so far been the other main raw 
material of paper in addition to groundwood. Also, there was a threat that the exemp-
tion from Russian customs duties would be lost, so manufacturing costs would have to 
be reduced. The chemical pulp mill was started up in March 1887. It was a sulphite 
pulp mill, consisting initially of three digesters; the fourth digester was added in 1889.    



(15)Kuusankoski Ab’s paper mill, groundwood mill and woodyard were destroyed in a 
 fire in 1881. Other departments were also damaged. The shareholders’ meeting held 
 three weeks after the fire made a decision to rebuild the mills, and the new mills 
 started operating in the autumn of 1882. The groundwood mill included six grinders 
 and there were eight board machines. The production in 1883 was 2700 tons.  


Kuusankoski Ab decided to build a chemical pulp mill in 1885, at the same time as 
 Kymmene Ab, and the mill was started up in the autumn of 1886. The pulp mill suf-
 fered a fire during the installation period, which delayed the start-up by about six 
 months, but fortunately the main machinery had not been delivered to the site before 
 the fire. 


After the start of the chemical pulp mills, the mills started operating continuously, as it 
 was impractical and uneconomic to stop the chemical pulp mills for weekends. Earlier 
 the mills had been shut down for Sundays. 


A railway from Kouvola to Kymmene mill was opened on October 1, 1892. 


In 1890, Kuusankoski Ab decided to install a new paper machine, as the prices of 
 groundwood and board had been sliding because of the increasing production capacity 
 in Finland, Sweden and Norway. The order for the new machine was confirmed right 
 after the decision to build a railway to Kuusankoski. The paper machine was designed 
 especially for wood-containing grades and its width was 80 inches. The paper mill 
 was situated right beside the river, which later caused big problems. For example, in 
 the 1890s, the mill had to be shut down for several months because of flooding. 


A second paper machine started operation in 1896.  A third machine was started up in 
 the summer of 1897.  


By the end of the century, the paper production of Kymmene Ab and Kuusankoski Ab 
 reached 10 000 t/a, and the mills had altogether five paper machines. Their products 
 were wood-containing wallpaper as well as printing and writing paper. Both compa-
 nies decided to raise the quality of their products by changing over to paper grades 
 containing more chemical pulp.  


The Voikkaa mill, owned by Tampereen Kattohuopa ja Paperitehdas Osakeyhtiö, was 
 situated near the Kymmene and Kuusankoski mills along the next rapids upstream of 
 Kymijoki river. By 1902 the Voikkaa mill was the biggest paper mill in Finland with 
 four paper machines and a production of 9 000 t/a. 


As there were three mills competing for wood, personnel and customers close to each 
 other, the owners started negotiations aiming for a merger of the companies. The rise 
 of labour unions was one reason contributing to the merger plans. The companies 
 were merged in 1904 under the name Kymmene Ab.      


The paper machines of the new company in 1904 are presented in Table 1. 



(16)Table1 The paper machines of Kymmene Ab in 1904 [58] 


PM   Start-up 


year  Width cm  Grade  Note 


II  Ku  1891  203 
 III Ku  1896  228 


I  Ky  1874  203  Sack paper  Speed 12 – 49 m/min, 


production 5 – 6  t/d 


II Ky  1882  203  Speed 50 m/min 


III Ky  1897  257  Speed 30 – 90 m/min, 


production 10 t/d 


I Vo  1898  228 


II Vo  1899  265 
 III Vo  1901  228 
 IV Vo  1903  228 


Ku) Paper machines of former Kuusankoski Ab at Myllysaari 
 Ky) Paper machines of former Kymmene Ab at Kymi mill 


Vo) Paper machines of former Tampereen Kattohuopa ja Paperiteollisuus Oy at Voik-
 kaa mill   


The initiator of the merger negotiations was probably the owner of the Voikkaa mill, 
 Rudolf Elving, who became the biggest owner of the new company and chairman of 
 the board.  


The Voikkaa mills were modern and efficient, whereas the Kuusankoski and Kymi 
 mills had old and not so well maintained machinery. 


Because of dissatisfaction among employees in the paper sorting department of the 
 Voikkaa mill, where female workers complained about too severe punishments for 
 mistakes in paper sorting and sexual harassment by a supervisor, a strike begun in the 
 autumn of 1904. The workers of the Kuusankoski and Kymi mills joined in the strike, 
 but the management of the company and the governor of Vyborg district took a firm 
 stand against the strikers, part of whom were sacked by the company and also evicted 
 from their houses. This left a bitter division between the management and the employ-
 ees. 


In 1904 the board of the company decided on a large modernisation programme. 



(17)The paper grades were divided between the mills so that Kymi mill specialised in 
 manufacturing fine paper, Kuusankoski mill in printing and writing paper and Voik-
 kaa mill in newsprint. 


The programme included modernisation of the pulp mills and installation of three new 
 paper machines in Kymi mill for fine paper production, Table 2. 


Table 2 New paper machines of Kymi mill in 1905 – 1906 [58] 


 PM   Start-up year  Width cm  Grade 


IV Ky  1905  228 


V Ky  1905  228 


VI  Ky  1906  160  Cigarette paper 


  


The paper machine projects were not successful: the deliveries were late, installation 
 works suffered from striking, and the start-up curves of the machines did not reach 
 planned levels. At the same time, the broke percentage of the mill doubled from 10 % 
 into 20 %. The mill management was replaced by Mr. Elving’s trusted persons.  


On July 1, 1906 the Voikkaa mill was destroyed by a fire caused by a candle flame 
 during a shut-down. The water lines of the mill had been closed for repair, and three 
 paper machines, calenders, winders and the paper sorting room were destroyed; only 
 two paper machines remained intact. The mill was rebuilt by installing three new pa-
 per machines which were started up in 1907. 


In 1907 the company had 12 paper machines with a combined production of 40 000 
 t/a. The financial situation of the company was weak because of the recession in the 
 world market and especially in Russia after the Russo-Japanese war. The modernisa-
 tion programme and the fire in Voikkaa as well as the rise of wood raw material and 
 wage costs had increased the company’s indebtedness considerably. 


As demand for paper in Russia collapsed, Kymmene Ab tried to find new customers in 
 England and Central Europe. However, the quality of the paper was not good enough 
 for the Western markets except that of newsprint, which could be sold, though at a 
 loss. 


In 1905 the political unrest plaguing Russia also spread to Finland, causing a general 
 strike in the country. Basically, the strike was intended to achieve political reforms but 
 in Kymmene Ab the strike was expressly directed towards the company’s manage-
 ment. The workers’ meeting voted over the destiny of the managers, and decided to 
 save their lives. Later, the strikers at Kymmene also adopted the political goals of the 
 general strike. The workers were paid their wages for duration of the strike, as the 
 management considered the strike a patriotic demonstration. 


The paper workers’ trade unions were founded in 1906. In February 1907 a strike was 
begun at Kymmene in favour of higher wages and shorter working days. After the 
strike, an 8-hour working day for shift workers and 10-hour day for day workers was 
introduced and minimum wages as well as task-specific wages were agreed. This la-



(18)bour contract was made for two years. It was not accepted by the employers’ federa-
 tion of the pulp and paper industry, and Kymmene resigned from the federation for a 
 brief period.  


In 1908, all the paper machines of the Kymi mill were shut down. One of the ma-
 chines was restarted in September, but its production was only 1 200 t/a of paper com-
 pared to 12 000 t/a in 1907.      


The general downturn in the economy, heavy indebtedness because of the investments 
 and the quickly rising wage costs forced the company into an intolerable economic 
 situation. Debtors took over the management of the company in 1908 and Gösta Ser-
 lachius was appointed managing director. He had studied cost calculation and cost 
 management systems in the USA, noticing that the company’s paper machines were 
 not used rationally. He reduced the number of paper grades. He also improved the 
 mills’ energy usage by introducing coal as a fuel in the boilers. The working hours in 
 shift work were changed back to 12 h/d except in the most demanding departments. 


As the general economy improved and the rationalization of the company took effect, 
 the paper machines could be restarted.  In 1911 the production reached the target level 
 of the investment programme. 


In 1913 Gösta Bergenheim was appointed managing director of the company. He de-
 veloped the sales to Russia by introducing new sales agents in the most important cit-
 ies. 


In 1914, the sales developed favourably until the beginning of World War I. The war 
 caused problems in the production because the transport of products and raw materials 
 was restricted. However, demand for paper increased because of the war news in 
 newspapers and in late 1914 the prices of paper were raised. The company achieved a 
 new production record in 1916, producing 63 300 t of paper. 


In 1917, the paper production was upset by the March Revolution in Russia, and the 
 collapse of the rouble. A decision was made to serve only those customers in Russia 
 who pay in Finnish marks. Two paper machines in the Kymi mill had to be shut down. 


However, the company believed in the recovery of the Russian market, investing in 
 office properties for its new sales companies there. After the Socialist Revolution, the 
 properties were lost and exports to Russia ceased. New markets had to be found in 
 other parts of the world. 


From the Independence Declaration to World War II 


The Civil War in 1918 caused repeated violence in Kuusankoski. At the beginning of 
 the war, the Red troops killed more than 30 managers, including Mr Björkenheim, the 
 managing director. After the White troops had conquered Kuusankoski, 275 reds were 
 executed and 925 were sent to prison camps. The mills had been shut down before the 
 war in December 1917, and they were started again in May - June 1918. Because the 
 Russian market had been lost, all paper machines could not be started. 


New markets were sought in 1919, but during the early months of the year the situa-
tion became so bad that the Kuusankoski mill had to be shut down because all storages 
were full. In May 1919 the situation started to improve. The biggest market was Eng-
land. The company now delivered some orders which had been placed before the 



(19)World War at the agreed prices on which the orders had been made. The prices did not 
 even cover freight costs but they made a very positive impression on the customers, 
 which was not easily forgotten. 


The common sales organisation of the Finnish paper industry created a network of 
 agents and representatives in the Western main markets. The problem of the industry 
 after the world war was that the paper grades and product quality produced earlier 
 were not right for the new markets. Kymmene was, however, considered as a high- 
 quality producer. In 1920, the company already exported 16 000 t/a to England, which 
 was equal to the amount that had been exported to Russia before the war. The sales 
 organisation, Finnpap, aroused controversial feelings in Kymmene, because most of 
 its agents were former Kymmene agents, and because the low quality of paper sup-
 plied by other paper mills caused complaints. The company decided in the early 1920s 
 to sell its own paper to the Western markets, but the sales to the Soviet Union and 
 Finland were handled by the common sales organisation [40].   


In the 1920s, new paper machines were installed in the Kymi mills as follows: 


-  New PM VI started up in 1924. It was 356 cm wide and its design production level 
 was 15 000 t/a. The start-up did not go well and 1926 was the first full production 
 year. It made high-quality printing papers. 


-  New PM IV started up in 1929. It was a 366 cm wide newsprint machine with a 
 production capacity of 20 000 t/a. 


-  PM III was rebuilt in 1929. 


-  Groundwood mills were rebuilt to reach the required capacity.   


At the end of the 1920s, Kymmene was both technically and financially in good con-
 dition. 


The recession in the early 1930s did not cause production cut-backs in Kymmene’s 
 mills.    


In the 1930s, Kymmene purchased two paper mills in England, merging them in a 
 subsidiary, Star Paper Ltd. Shares were also acquired in a metal products company, 
 Oy Högfors Ab.  


Major investments were made in both Voikkaa and Kuusankoski.  


In Kuusankoski mill two new paper machines with Yankee cylinder dryer sections 
 were installed. The first of them, PM VIII, was started in 1935 and the second, PM IX, 
 in 1936. These paper machines are still in operation, today named PM 1 and PM 2. 


Kymi pulp mill was rebuilt in 1932-35 to increase its production capacity from 25 000 
t/a to 60 000 t/a. The Kuusankoski pulp mill was also rebuilt to meet the new envi-
ronmental regulations that had come into force in 1934.  



(20)World War II to 1965 


During World War II the mills’ production was only about 20 % of their nominal ca-
 pacity due to the lack of export markets, and a shortage of manpower and equipment. 


The pulp mills and paper machines were shut down for varying periods, and the mills 
 were operated in two shifts only. Air raids disturbed the mills’ operation as well. 


The paper machines still in operation after World War II are presented in Table 3. 


Table 3 Paper Machines of Kymi Mill after World War II [54]  


PM VIII  nowadays PM 1 


PM IX  nowadays PM 2 


PM III  restarted after the war in July, 1945 
 PM IV  restarted after the war in February, 1950 
 PM V 


PM VI 


There were no major investments in the paper mill in the period from World War II 
 till 1965. In the 1950s the strategy had been to improve paper quality by using 
 bleached groundwood pulp as raw material and by rebuilding the paper machines for 
 fine paper production.  A gloss calender was installed on PM IV for production of ro-
 togravure magazine paper before it was restarted in 1950. A size press to produce fine 
 paper on PM III was installed in 1952 [54]. 


In 1957, PM V, was rebuilt for production of coated paper grades in the grammage 
 range of 100 – 130 g/m2, based on an agreement made with an American company, 
 S.D. Warren. The coating colour consisted of clay and starch, and the brand name of 
 the product was Griffin, referring to the emblem of the company. 


PM VI was completely rebuilt in 1961 for fine paper production. A surface size 
 kitchen was also built. The capacity of the machine after the rebuild was 70 – 100 t/d, 
 depending on the grammage.  


PM 1 was also rebuilt in 1961. Its production capacity was increased by 15 – 20 % by 
 installing a high-capacity hood on the yankee cylinder.     


The capacity of the groundwood mill was increased during the period to meet the 
 needs of the paper mill, and a bleaching plant was built for groundwood pulp. 


The sulphite pulp mill’s capacity was increased by adding one digester, which started 
 operating in 1961.  


The original site became to small for further development in the 1950s and in 1961 a 
 decision was made to start a project for building a 90 000 t/a sulphate pulp mill in the 
 Kuusanniemi area, which nowadays is the base of the Kymi Mills’ operation. The new 
 pulp mill was started up in 1964. 


The pre-engineering for the new pulp mill was done by a design engineering com-
pany. During the implementation period the equipment for the various mill depart-
ments was purchased from main suppliers who included the department’s instrumenta-



(21)tion in the supply. For the boiler plant’s instrumentation, the equipment supplier sent 
 its own design engineer to the site. The piping engineering for the mill site was also 
 done by the piping contractor’s designers.   


The period 1966 - 1979  


As a new development was the Voikkaa PM 18 project from 1966 until 1968, in 
 which an outside design engineering company was hired as a main engineering con-
 sultant for the first time [54].  


In autumn 1966 a decision was made to build an off-machine coater in the Kymi mill. 


The production capacity of the coater was 50 000 t/a, the width of the paper web 370 
 cm and the maximum speed 900 m/min. Paper made on PM 4 and PM 6 was used as 
 base paper. A separate coating colour kitchen was built beside the coater plant. 


To improve the quality of paper produced on PM 4 and coater C1 a Billblade unit for 
 precoating the paper on the paper machine was installed in 1972, which made it possi-
 ble to produce base paper similar to that produced by PM  6. As a result, it was now 
 possible to produce Medium Weight Coated paper. In 1979 the press section of PM 4 
 was rebuilt and the paper machine’s production raised to 40 000 t/a. 


The decision to build the first paper machine in the Kuusanniemi complex was made 
 on June 24, 1969, and the new paper machine, PM 7, was started up on December 22, 
 1970 [54]. The reason for making this decision was the strong growth of woodfree pa-
 per demand due to the increasing number of printers in automatic data processing sys-
 tems. During previous years, the increased production of coated grades in the Kymi 
 mill had decreased the relative share of uncoated paper capacity.  


PM 7 was at its time the biggest fine paper machine in Finland. Its planned capacity at 
 the time of the go-ahead decision was 40 000 t/a, its speed 750 m/min and the trimmed 
 width of the paper reel 456 cm. However, the design capacity was set at 50 000 t/a, 
 which was reached in 1971. 


A sheeting plant was included in the investment. Its capacity was 43 000 t/a, and it in-
 cluded four sheet cutters. Both the paper of PM 7 and paper from the old Kymi mill 
 were sheeted in this same sheeting plant. 


For taxation purposes, the machine was scheduled to start up during 1970. This led to 
 a situation where the main machinery supplier and the main engineering consultant 
 were the same as in the paper mill project of Nordland Papier GmbH, which was 
 jointly owned by Kymmene Oy and Kaukas Oy. In Nordland, a similar paper machine 
 was being planned. This led to a situation where the modifications proposed by Kym-
 mene’s own paper engineers were unacceptable, as the most important details had al-
 ready been agreed upon in the Nordland project [54]. 


PM 7 was initially operating in the acid pH range, with clay was used as a filler. In 
 1975 a transfer was made to neutral papermaking. The use of calcium carbonate as 
 filler started after the PM 8 project when a slurry plant was built.    


In 1973 a decision was made to build a second coater in the Kymi mill. The coater 
was placed alongside coater 1. The base paper for the coater came from PM 3 and PM 
5, whose operation would not be secured without an improvement in product quality. 



(22)A reservation for also coating board from Juankoski mill and purchased base paper 
 was taken into account, so the capacity of the coater was set at 60 000 t/a, whereas the 
 capacity of PM 3 and PM 5 would only amount to 35 000 t/a. 


PM 3 was totally rebuilt during the coater project. The rebuilt machine included a 
 Billblade pre-coating unit. 


The coater was started up by the end of 1975. The coater’s capacity after start-up and 
 prices of coated grades developed slower than forecast during the project decision. 


However, a second winder was installed within two years after start-up to handle the 
 increased capacity. 


A decision to shut down the sulphite pulp mill and to build a new sulphate pulp line 
 was made in 1974. An exceptionally in-depth pre-engineering report was reportedly 
 made for this project [54].    


The sulphate pulp line was originally designed for manufacturing pine pulp with a ca-
 pacity of 160 000 t/a. However, it was decided during the project to use birch as raw 
 material instead, so the capacity would be 180 000 t/a.  


The new fibre line started up in June 1977. The wood handling and effluent treatment 
 plants had been started earlier. The project was successful and the new line secured 
 the raw material supply for the expansion of fine paper production in the 1980s. 


The main features of the project organisation model used by Kymmene in 1973 were 
 the following: 


−  Each project had a project council, which consisted of the line management of the 
 product division and departments participating in the project. This project council 
 decided on the big issues and main principles of the project. 


−  Each project had a project group headed by the project manager. 


−  In bigger projects, the project manager was assisted by area project managers re-
 sponsible for their respective areas. 


−  The project organisation included responsible persons for different disciplines. 


−  In every project organisation there was a person appointed responsible for the proc-
 ess. This person acted as a liaison to the mill and was also responsible for the train-
 ing of personnel as well as the commissioning and start-up of the plant.    


The period 1980-1986 


A decision to merge Kymi Kymmene Oy with Oy Strömberg Ab was made in late 
 1982, and the new company was named Kymi-Strömberg Oy. 


Kymi’s old paper machines were outdated compared to the new double forming tech-
nology. As early as 1978 studies had been started to examine the possibilities of in-
stalling a new paper machine in Kuusanniemi. The project go-ahead decision was 
made in 1980, and the new paper machine, PM 8, was started up in March 1983. 



(23)The project organisation was formed according to the principles described earlier. An 
 outside main consultant was hired for the project as well as engineering companies for 
 civil, architect, noise abatement and HVAC engineering.   


PM 8 was at its start the biggest fine paper machine in the world. The web width on 
 the reel was 8560 mm. 


The project included many modifications in the mill site as well as departments serv-
 ing the whole paper mill; the production capacity of the new paper machine was three-
 fold compared to that of PM 7.  


The project was a success. The timing of the start-up was also successful, as paper 
 demand was growing rapidly. In addition, the paper machine’s production during the 
 1980s was considerably greater than forecast. The PM 8 project was regarded as a 
 logical continuation of the development that had started with the construction of PM7. 


Without these paper machines, the profitability of the Kymi mills would have been 
 much poorer and the continuation of operations might have been endangered [54]. 


  


The period after 1986  


In 1986, Kymi-Strömberg Oy and Kaukas Oy were merged and the new company was 
 in 1987 named Kymmene Corporation. 


The mills of the new corporation were divided into two divisions: Kaukas - Voikkaa, 
 producing wood-containing paper grades, and Kymi, producing woodfree grades. The 
 investment management and technical administration were combined and directed 
 from Lappeenranta. 


The first major project of the new company was the PM 9 project in Kuusankoski, 
 whose go-ahead decision was made on January 22, 1987. Pre-engineering for the pro-
 ject started in July, 1986. This project finalized the integration of the Kuusankoski 
 mills so that all chemical pulp produced could be used on the company’s own paper 
 machines. 


The width and type of the paper machine were similar to those of PM 8. Its design 
 production was, however, higher. The project included extensive rebuilding of the raw 
 material handling department and a new sheet cutting line. 


The project succeeded well. The paper machine was started up on November 10, 
 1988. It produced saleable paper from the very beginning. One reason for the success 
 was the experience gained with PM 8, and the fact that the Kymi project team con-
 sisted mostly of the same persons as the PM 8 team. The paper machine operators 
 came partly from PM 8 and also the other staff had been trained on PM 8 [54]. 


When PM 9 was started up, three old paper machines were shut down. PM 3 was shut 
 down on June 1, 1988, PM 4 on October 2, 1988 and PM 6 on April 30, 1989. 


At the same time with the PM 9 project, the future of PM 7 was critically examined, as 
 its competitiveness weakened considerably following the start-up of the new machine. 


At the beginning of 1988, a decision was made to rebuild PM 7 for making on-



(24)machine coated paper grades, and the design capacity for the rebuilt PM 7 was set at 
 115 000 t/a.         


PM 8 was rebuilt in 1990-1991 with a new-generation surface sizing unit, which in-
 creased the machine’s drying capacity, and, accordingly, its production. At the same 
 time, the capacities of stock preparation and broke systems were also increased.   


For PM 9 a new sizer unit was installed in 1996 and the refining capacity was in-
 creased in 1996. 


The coater plant C2 lost its competitiveness because of its small size and complicated 
 logistics  of paper, so it was shut down in 1999.  


In the late 1990s, a strategic decision was made by UPM-Kymmene’s Fine Paper divi-
 sion to increase the share of woodfree coated grades. This decision was based on the 
 higher growth of demand for coated grades compared to uncoated grades in the 1990s. 


As PM 8 required major revamping to maintain its competitiveness, it was chosen as 
 the target for a feasibility studies concerning a coated paper production line in 
 Kuusankoski. Several alternatives were studied, and in May 2000 a decision was made 
 to rebuild PM 8 completely and to build a new state-of-the-art off-machine coating 
 plant.     


The totally rebuilt PM 8 was started up on September 5, 2001, and the coating plant 
 on October 28, 2001. 


Selected projects 


The author has collected archive material concerning the four latest major paper ma-
 chine projects of the Kuusankoski mills, currently named UPM-Kymmene Corpora-
 tion, Kymi: 


−  Paper machine PM 7   


−  Paper machine PM 8  


−  Paper machine PM 9  


−  ARTTI project, which included a complete rebuild of PM 8 and a new off-machine 
coating plant C3  



(25)Some of the key figures of the projects are listed in Table 4. The data is collected from  
 Kymi’s project archives, author’s archives as well as [54] and [58]. 


Table 4 Key figures for Kymi’s latest paper machine projects 


PM  7 PM 8 PM 9  ARTTI  


PM8 (*


Start-up year  1970 1983 1988  2001


Production t/d 


t/a 50 000


550
 140 000


740 
 220 000 


1 170
 370 000
 Paper machine 


width 


mm at reel  4 560 8 570 8 570  8 540-8 660


Paper machine 


drive speed  m/min  650 1 000 1 200  1 500


Amount of   


piping  t 150,8 195,6


Amount of  
 piping 


m  17 253  14 540


Number of 


electrical loops  ea 552 400 555 674


Number of 
 automation 
 loops 


ea 206 940(** 629 1969


Project time 


schedule  months 


(from PM 
 purchase to 


start-up) 


18 26 20,5 15,5


  *) only the rebuild of PM 8 and the modifications of the raw material department are 
 included.  


**) before dismantling PM 8 for complete rebuild. The number of instrument loops in 
1983 could not be traced.  



(26)Comparison of the projects is not easy, because the information on the original mate-
 rial and loop numbers of the projects has disappeared. All the machines are still run-
 ning and they have been rebuilt several times.  


The project durations are dependent on external circumstances:  


-  The schedule of the PM 7 project was extremely tight because of the taxation laws 
 and could only be implemented because a paper machine had been ordered for an 
 associated company, which was then transferred to Kuusankoski. Engineering so-
 lutions were largely similar to those worked out for the associated company’s pro-
 ject. 


-  The PM 8 project took longer than normal, because the company’s board of direc-
 tors decided to postpone - when the project was already in progress - the start-up 
 of the paper machine by 6 months due to the recession in the paper market. 


-  The PM 9 project’s duration can be considered reasonable for a new paper ma-
 chine.  


-  The schedule of the Artti PM 8 project was tight, but it could be kept because the 
 new machine was installed in an existing building. The time for engineering was 
 short.  


Control systems have changed completely during the past 30 years. PM 7 was de-
 signed with pneumatic controls and manual control stations were located in control 
 panels and desks. The process information to operators was given on a mimic dia-
 gram, which showed the status of motors and on/off valves with indicator lamps, and 
 by using loggers which recorded the status of controls. PM 8 and PM 9 were imple-
 mented with digital process control systems, which controlled the operation of the 
 stock preparation, broke, water, steam and condensate as well as starch machine circu-
 lation systems. Control actions were activated from the operator station keyboards, 
 and the status of the process could be seen on the control system display. The paper 
 machine controls were implemented with a separate programmable logic system, 
 which had the required wired connections to the process control system to ensure the 
 proper functions (e.g. the start-up of the right pulper when there was a break at the pa-
 per machine). The paper quality control system was a separate system with its own 
 operator stations. In the Artti PM 8 project, the process controls and machine controls 
 as well as paper quality controls were executed by using compatible systems with the 
 same operator stations. The paper machine condition monitoring system is also con-
 trolled via the same operator interface. 


The number of electrical loops has not changed as much as the number of automation 
 loops. The PM 7 project included a large number of ventilation equipment, as the of-
 fices’ and the sheeting department’s ventilation was included. Over one third of the 
 motors were ventilation blowers. In later projects, offices or sheeting department have 
 not been included in the number of electrical loops. 


The number of automation loops has grown considerably due to the increased re-
quirements for the stability the papermaking process, which stem from higher product 
quality requirements and increased paper machine widths and speeds. All these 
changes demand much more monitoring of process conditions. 



(27)3.4  Joutseno Mills 


The Joutseno pulp mill has been a sulphate pulp mill from its very beginning. Before 
 the beginning of the 20th century there had been only one sulphate pulp mill in 
 Finland, but during the first decade of the century six sulphate pulp mills were built. 


The mill built by Pulp Osakeyhtiö was the first sulphate pulp mill on the Vuoksi wa-
 terway [30]. 


The founder of the pulp mill in Joutseno was a Norwegian engineer, Johan C. Wiese, 
 whose idea was to build a pulp mill that would use the chips from adjoining sawmills 
 as its raw material. As there were several sawmills in the Saimaa region, Wiese 
 bought in 1907 a land area on the southern shore of lake Saimaa and founded in 1908, 
 together with two companions, a new company named Oy Pulp. The design produc-
 tion of the mill was 6 000 t/a of unbleached sulphate pulp. The first technical manager 
 of the mill was also a Norwegian engineer, Petter Midelfart [50]. 


The civil works were started in early 1908. The architect was K.H. Segerstad. The 
 civil contractor completed construction works in the spring of 1909. 


Machine installation works started in the summer of 1908, proceeding as planned, and 
 the production started in June 1909. The main machinery was German, the steam en-
 gine was from Germany and the pulp drying machine from the Karhula engineering 
 works. 


The start-up of the mill did not go without problems. Difficulties were caused by the 
 new type of machinery, which had not been tested enough. The professional skills of 
 the operators were most probably not good enough, and the language barrier between 
 Mr. Midelfart and the workers caused additional problems. In the beginning, pulp 
 cooking was ineffective and half-cooked pulp was discharged into Lake Saimaa, so 
 even the mill’s harbour was filled with pulp. The maintenance crew was under heavy 
 stress, and help was needed from the Lappeenranta Engineering Works, where parts 
 were manufactured and modified. Men from Lappeenranta also came to assist the Pulp 
 personnel in maintenance [50]. 


The early years of the Joutseno pulp mill were economically difficult, and in 1911 Mr. 


Wiese resigned from the company. Mr. Midelfart took over as resident manager. 


The mill continued operating until 1917, when it was shut down due to the lack of 
 demand, as exports were banned during World War I [49]. 


After Finland’s independence and the end of the civil war, the owners of Oy Pulp de-
 cided to sell the company, as a considerable capital input would have been needed to 
 restart the mill. On September 18, 1918 Oy Kaukas Ab bought the mill, and the Pulp 
 mill became a profit unit of the Kaukas mills. 


In 1950 a new company, Joutseno-Pulp Osakeyhtiö, was formed, of which Repola-
 Viipuri Oy, later Rauma-Repola Oy, and Oy Kaukas Ab both owned half. This com-
 pany owned the mill and equipment. Hannes Jansson was appointed managing direc-
 tor of the new company.  


A decision to increase the production capacity from 20 000 t/a to 60 000 t/a was made 
in 1951. The investment included a new 40 000 t/a fibre line, and a new 60 000 t/a 



(28)lime and recovery line. The existing fibre line was kept in operation also after the in-
 vestment, as the pulp markets were booming because of the Korean War [21]. 


A new continuous cooking system was selected for the cooking method, as it was con-
 sidered to be the cooking process of the future [21]. Some continuous digesters were 
 already in use in other European countries, but none in Finland. Two new digesters 
 were installed. The cooking process was not sufficiently developed and the start-up 
 was not successful. One problem was the lack of storage capacity between the pulp 
 mill departments, causing the whole mill to be shut down in the case of problems in 
 one department [49]. The strength properties of pulp were weak. In the early stages of 
 operation, the mill was operated by the equipment supplier’s personnel who made 
 modifications seemingly without planning [2]. The engineering work for the cooking 
 and washing departments was made by the equipment supplier. The rest of the engi-
 neering work was done by the mill’s own engineering team. According to the equip-
 ment supplier, only a small buffer was needed between cookers and washers. Consid-
 erable modifications were made, and a new cold-blowing system was invented by 
 Einar Olsen, Joutseno-Pulp’s engineer [2]. The mill personnel’s impression of the 
 early production stage was that the mill served as the equipment supplier’s pilot plant 
 [5]. 


The drying section of the pulp drying machine was also of a new construction, causing 
 great difficulties, because the construction was too weak, resulting in web breaks at 
 higher running speeds.      


It took until 1958 for the mill to reach its design production.  


In 1959 it was decided to increase the mill’s production to 240 000 t/a. The expansion 
 project was completed in 1962. The batch cooking method was selected because of the 
 bad experience of the previous project [52]. The engineering was done by the mill’s 
 own engineering department, but a lot of installations were made by pointing out the 
 pipe routes in the field. The plans were reviewed in Jaakko Murto’s engineering of-
 fice, but this was not considered very useful [2]. 


The second expansion stage was completed in 1969, raising the production to 170 000 
 t/a of semi-bleached and 75 000 t/a of unbleached pulp. In this project, the engineering 
 work was done by Jaakko Pöyry’s engineering office.  


In the 1970s also stumps were collected from the forest and used as raw material by 
 Joutseno-Pulp. In 1975 a sawdust handling line was taken into operation.  


In 1980, Rauma-Repola Oy became the sole owner of Joutseno-Pulp Oy, when Oy 
 Kaukas Ab sold its share [102].  


In 1982 the ownership was again restructured, when United Paper Mills Oy, Kansal-
 lis-Osake-Pankki and two insurance companies became co-owners of the company. 


Later that year 40 % of the shares were acquired by United Paper Mills. 


A bleaching plant was started up in 1984. Since then, all the pulp has been fully 
 bleached. 


The Joutseno mill’s pulp has had the reputation of being a very strong long-fibre pulp 
used as reinforcement pulp in paper grades whose chemical pulp content is minimised. 



(29)One reason for the good strength is the big share of sawmill chips in the raw material, 
 so the share of long fibres is bigger than in normal roundwood. The Super Batch cook-
 ing process has also contributed to the good quality.  


In 1988, Rauma-Repola Oy decided to build a fine paper mill in Joutseno. The com-
 pany also announced its interest to acquire more than 90 % of the shares in Joutseno-
 Pulp. United Paper Mills felt that this plan would clash with their interest, and nego-
 tiations ultimately led to a decision according to which United Paper Mills acquired 
 the whole company. The paper mill project was cancelled immediately [102].  


In 1990, the Joutseno pulp mill became a profit centre of United Paper Mills, ceasing 
 to operate as a separate company. 


After the merger of United Paper Mills Oy and Kymmene Oy into UPM-Kymmene 
 Corporation, the Joutseno pulp mill and the Simpele mills were sold to Metsä-Botnia 
 Oy in 1997 [76]. The capacity of the mill at that time was 320 000 t/a. 


A new recovery line for the mill was constructed in 1998-1999, which raised the pro-
 duction level to 415 000 t/a. 


A new fibre line was built in 1999-2001. This project raised the capacity to 600 000 
 t/a, which makes it the biggest single-line softwood pulp mill in the world [76]. In this 
 project the cooking process was changed back to continuous cooking.      


  



(30)4  PROCESS ENGINEERING TASKS 
 4.1  Definitions  


The author’s definition of pulp and paper industry processes is the following: 


Pulp and paper industry processes are combinations of machinery and equip-
 ment, pipelines and control hardware and software that form an entity capable 
 of producing the desired quantity and quality of end product from defined raw 
 materials using given resources. 


Pulp and paper industry processes can be continuous or batch processes. 


Process is defined as a transformation that adds value. Every process has inputs. The 
 outputs are the results of the process. The outputs are products, tangible or intangible. 


Every process involves people and/or other resources in some way [90].  


Process is also defined as a set of inter-related resources and activities which trans-
 form inputs into outputs. Resources may include management, services, personnel, fi-
 nance, facilities, equipment, techniques and methods. [31] 


According to Webster’s definition process is: 


−  A natural progressively continuing operation or development marked by a series of 
 gradual changes that succeed one another in a relatively fixed way and lead toward 
 a particular result or end: a natural continuing activity or function  


−  Particular method or system of doing something, producing something, or accom-
 plishing a specific result, esp.: particular method or system used in manufacturing 
 operation or other technical operation [103]. 


The chemical process is defined as follows: A chemical process is the continuous or 
 batch wise conversion of raw materials into products and by-products via physical, 
 (electro)chemical and biochemical transitions, through the application of processing 
 agents, and use, consumption and generation of utilities [24]. 


In the author’s opinion, this definition is also valid for forest industry processes. 


Process and process industries are defined by Concidine as follows: The term proc-
 ess normally connotes a series of operations, more appropriately expressed as a series 
 of chemical unit operations. The design and operation of a processing plant essentially 
 involves a serious exercise in the management of materials and energy.  


The term process industries is rather loosely used to describe those industries which 
 depend heavily upon chemical and metallurgical technology [9]. 


Project is defined as a unique process, consisting of a set of coordinated activities 
with start and finish dates, undertaken to achieve an objective conforming to specific 
requirements, including the constraints of time, cost and resources. An individual pro-
ject may form part of a larger project structure. In some projects the objective(s) is 
(are) refined and the product characteristics defined progressively as the project pro-
ceeds [31]. 



(31)Process research and development is defined as follows: The aim of process re-
 search and development is to adapt a laboratory-scale procedure to a commercial 
 process. Further input may be needed to resolve problems that arise on start-up and for 
 optimization of performance. During process development, a stage may be reached 
 where further research and development is transferred to a plant technical staff; the 
 latter phase is called process improvement. Process research and development com-
 bines experimental work with technical and economical calculations, which are guided 
 largely by chemical and chemical engineering principles. The focus of process re-
 search is on experimental work of a chemical engineering nature [44]. 


The process design basis is the documentation that contains all the information nec-
 essary for the engineering and design of the plant. The extent of this information var-
 ies according to the requirements and experience of the engineering group responsible 
 for the project. The process design basis usually contains specifications for the opti-
 mum operating conditions and resulting selectivities and conversion for reactions, and 
 an overall processing scheme with a flow sheet and material and energy balances. A 
 competent engineering group can develop and optimize a process design from such in-
 formation [32].        


An industrial process is defined as a set of operations which basically perform a 
 physical or chemical transformation or a series of such transformations [99].  


The development of an industrial process is a creative activity, which is aimed at 
 finding and coordinating all the information and data required for the design, construc-
 tion and start-up of a new industrial unit, in order to guarantee an economically profit-
 able operation [12]. 


According to Backhurst and Harker, process development is the translation of the 
 bench scale chemistry into a means whereby the material can be produced on a large 
 scale [7]. 


Baasel defines process design as follows: Design is a creative process whereby an in-
 novative solution for a problem is conceived.  


Process engineering is the procedure whereby a means for producing a given sub-
 stance is created or modified [6]. 


In a chemical plant the process consists of some or all of the following steps: 


1 Feed storage 
 2 Feed preparation 
 3 Reaction 


4 Product purification 


5 Product packaging and storage 
6 Recycle, recovery and storage 
7 Pollution control 



(32)These steps are analogical to the unit operations of the pulp and paper mills. 


The author’s definition of process engineering is the following:  


Process engineering consists of defining the optimal unit processes to produce the 
 desired end product, selecting and sizing correctly operating equipment and pip-
 ing and other sub-systems, defining the required controls to make the process 
 evenly and easily operative and presenting the operation of the process in the 
 form of process flow diagrams and process descriptions to the other engineering 
 disciplines as well as to the operators and maintenance crew of the process. 


Terms process engineering, process design and process engineering design are used 
 in literature and in practice as synonyms. Also in this study they are used alternately. 


According to Yang et al, process design is a complicated and time consuming proce-
 dure because many compromises of conflicting interest shall be made especially in the 
 phase of equipment selection. There is no unique solution for selection since many 
 qualitative judgments in addition to the quantitative calculations must be made, and 
 each designer often makes different qualitative judgments. At the preliminary design 
 stage, it is incumbent on designers to survey the range of basic equipment types avail-
 able and to select the one or few candidates most applicable to their particular process 
 requirements [106]. 


Process design is defined by Douglas as follows: 


Process and plant design is the creative activity whereby we generate ideas and then 
 translate them into equipment and processes for producing new materials or for sig-
 nificantly upgrading the value of existing materials. Process design actually is an art, 
 i.e. a creative process. Therefore, we might try to approach the design problems in 
 much the same way as a painter develops a painting. Of course, numerous scientific 
 principles are used in the development of a design, but the overall activity is an art. In 
 fact, it is the combination of science and art in a creative activity that helps to make 
 process design such a fascinating challenge to an engineer [10]. 


Process engineering design is defined by Ludwig: 


Process engineering design is the application of chemical, mechanical, petroleum, gas 
 and other engineering talents to the process-related development, planning, designs 
 and decisions required for economical and effective completion of a process project. 


Process design is usually a much more specific group responsibility in engineering 
 contractor organizations than in a chemical or petrochemical production company, and 
 the degree of distinction varies with the size of the organization [56].  


According to Vilbrandt and Dryden a basic step in making a preliminary plant design 
for cost estimation or for establishing a detailed commercial plant design is to work 
out a process design. Briefly, one presents the basic chemical and physical operations 
of a process. Examples of the latter type include filtration, drying, mixing, and other 
chemical engineering operations. These facts are illustrated in flow sheet form. It is 
then possible for an engineer to apply industrial stoichiometry principles to the proc-
ess as outlined to obtain material and energy balance flow sheets. After all these facts 
are available the designer is ready to specify the type of equipment to do the job. By 
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