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This work presents a techno-economic analysis of two modelled 
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and a mill integrated into a chemical pulp mill, with annual production 
levels of 30,000 tons/year. These results indicate that both options can be 
very profitable when the return on investment and the added value of the 
purchased chemical pulps are used as indicators. However, the integration 
of MCC production will yield about 19% greater net profit than the non-
integrated alternative. Integration also reduces the economic risk of 
investment, since operation of the MCC plant can be halted for 
maintenance and chemical pulp can be produced in a normal manner. 
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INTRODUCTION 
 

 Microcrystalline cellulose (MCC), specified in E460, is a versatile product in many 

industrial applications, including pharmaceuticals (stabilizing, texturing, and tabletting) 

and food (food and beverage texturing agents and dietetic substances). In smaller 

quantities, MCC is used in oil drilling, paints, cosmetic products, heat shields, and even 

flame-resistant board (Tuason et al. 2009). 

Microcrystalline cellulose is a flour-form cellulose product that can be 

manufactured from all types of natural celluloses (Battista and Smith 1962). Adel et al. 

(2010) used rice and bean hulls for MCC manufacturing, El-Sakhawy and Hassan (2007) 

bleached kraft bagasse pulp and bleached soda rice straw pulp, Elanthikkal et al. (2010) 

banana waste, Haafiz et al. (2013) oil palm residue, Ilindra and Dhake (2008) bagasse and 

rice straw, Kalita et al. (2013) yellow foxtail, Kazakova and Demin (2009) unbleached 

kraft pulp, Nada et al. (2009) cotton linters, and Trache et al. (2014) esparto grass. The 

Food and Agriculture Organization of the United Nations (FAO 1996) defines MCC as 

“purified, partially depolymerized cellulose prepared by treating alpha-cellulose, obtained 

as a pulp from fibrous plant material, with mineral acids. The degree of polymerization is 

typically less than 400 and not more than 10% of the material has a particle size of less 

than 5μm”.  

The world annual production of MCC is about 100,000 tons (Ciechanska et al. 

2010). However, the production of MCC is very modest when compared to the annual 

production of 4.2 million tons of dissolving pulp (Sixta et al. 2013) and 128 million tons 

of paper pulp (FAO 2011). Both of these volume grades can also be used as a potential raw 

material for MCC manufacturing. 

Several methods have been proposed for the production of MCC. The following 

sources cover processes in which the cellulose as a form of dissolving or paper pulp is 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Vanhatalo et al. (2014). “MCC techno. analysis,” BioResources 9(3), 4741-4755.  4742 

hydrolyzed by using chemical processes (Battista et al. 1961; Gospodinov et al. 1976; Cruz 

1983; Bergfeld and Seifert 1996; Milford et al. 2001; Trusovs 2001; Guo et al. 2002; James 

et al. 2003; Kopesky et al. 2004; Ioelovich and Leykin 2005; Luo and Neogi 2006; Nguyen 

and Tan 2006; Frangioni and Frangioni 2010), enzymatic processes (Zabriskie 1984; 

Townsley 1988; Braunstein et al. 1994;), hydrothermal processes (De Long 1989; Ha and 

Landi 1998; Chornet and Jollez 1999; Brinkman and Schaible 2003; Chornet et al. 2006), 

or a combination of these (Dobashi et al. 1992; Yaginuma et al. 1996; Nguyen 2006; 

Schaible and Sherwood 2005; Frangioni and Frangioni 2012). From this process or process 

concept mentioned above, mineral acid hydrolysis with hydrochloric acid (HCl) or sulfuric 

acid (H2SO4) has become a “state of the art” manufacturing method, covering most of the 

MCC production today. However, even mineral acid hydrolysis methods have features that 

prevent economic and environmental-friendly production of MCC. These shortcomings, 

based on patent information (because actual plant data is not available), can be listed as 

follows: (a) high acid consumption (10 to 200% of raw material dry weight) (Battista et al. 

1961; Gospodinov et al. 1976; Cruz 1983; Yaginuma et al. 1996; Guo et al. 2002; Ioelovich 

and Leykin 2005; Schaible and Sherwood 2005); (b) long retention times with low acid 

doses (several hours) (Frangioni and Frangioni 2010); (c) low reaction consistency (1 to 

4%) (Battista et al. 1961; Guo et al. 2002); (d) high need of a neutralizing agent (Battista 

et al. 1961; Gospodinov et al. 1976; Cruz 1983; Yaginuma et al. 1996; Trusovs 2001; Guo 

et al. 2002; Ioelovich and Leykin 2005; Schaible and Sherwood 2005; Nguyen and Tan 

2006); (e) high volume of effluent with high chemical oxygen demand (COD) (Battista et 

al. 1961; Gospodinov et al. 1976; Cruz 1983; Zabriskie 1984; Braunstein et al. 1994; 

Yaginuma et al. 1996; Trusovs 2001; Guo et al. 2002; Schaible and Sherwood 2005); and 

(f) no recovery of used chemicals (Battista et al. 1961; Cruz 1983; Gospodinov et al. 1976; 

Dobashi et al. 1992; Yaginuma et al. 1996; Milford et al. 2001; Trusovs 2001; Guo et al. 

2002; Ioelovich and Leykin 2005; Kopesky et al. 2004; Nguyen and Tan 2006; Frangioni 

and Frangioni 2010; Frangioni and Frangioni 2012). 

These reasons have led to the small-scale production of MCC, i.e. less than 10,000 

Bone Dry tons per year (BDt/yr), with only a few companies in the market. Due to this 

development, the price of MCC has been fairly high at 4,000 to 10,000 € per Air dry ton 

(ADt) (pricing obtained from an anonymous Nordic retailer) and is highly dependent on 

product particle size distribution and purity. The high price and limited availability have 

restrained the commercial end uses of MCC on a wide scale.   

To promote the bio-economy of the world, Aalto University in Espoo, Finland, has 

developed a new MCC manufacturing process (Dahl et al. 2011a; 2011b), by which MCC 

can be produced with low acid consumption using a short reaction time and a high reaction 

consistency (Vanhatalo and Dahl 2014). Using these flexible process conditions, relatively 

narrow particle size distribution can be achieved with precise end-product quality (degree 

of polymerization (DP), viscosity, and yield). The need for a neutralizing agent is also low 

due to low concentration of the acid used in the process. In addition, this approach enables 

the use of different pulp grades (unbleached, semi-bleached, or fully bleached pulp) as a 

raw material, which can be refined for a much broader application area than traditional 

MCC. 

This study focuses on the techno-economic analysis of MCC production for the 

two-modelled process concept, a stand-alone MCC plant (sMCC) (Dahl et al. 2011a) and 

a MCC plant integrated into a chemical pulp mill (iMCC) (Dahl et al. 2011b). When the 

analysis process is defined, the operational and total project costs of the two process options 
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of MCC manufacturing are assessed with the aim of an economic cost-benefit analysis. 

Finally, the profitability and the added value for the bleached kraft pulp is defined.  

 
 
EXPERIMENTAL 
 

Technology 
 In this two-modelled process concept, one MCC plant provides the sMCC study, 

while another MCC plant is integrated into the chemical pulp mill iMCC study. The default 

balance calculations for each case study is presented in Table 1. 

 

Table 1. Default Values for Balance Calculation 

  Unit sMCC case iMCC case  

MCC production, CMp BDt/yr 30000 30000 

MCC yield, CMy % 90 90 

Pulp consistency, Ccons % 90 30 

H2SO4 dosage, CA% % 1.5 1.5 

H2SO4 water, CAw t/yr 680 680 

Hydrolysis consistency, CHyd % 30 30 

Wash water amount, CWwa t/yr 15000 15000 

MCC dry matter after dewatering,  CDw % 50 50 

MCC dry matter after drying, CDr % 90 90 

 

The production level 30,000 BDt/yr for the two process options has been chosen 

according to the existing applicable markets, 100,000 t/yr (Ciechanska et al. 2010).  In both 

cases, the used raw material is a bleached softwood kraft pulp, the process water is 

chemically purified water, and the acid is the liquid form of H2SO4. 

The process conditions are based on the laboratory experiments presented by 

Vanhatalo and Dahl (2014). The hydrolyzing agent, H2SO4, is chosen because hydrolyzate 

from the iMCC process can be recovered in the recovery plant of a chemical pulp mill. The 

acid dosage is 1.5% (based on dry raw material), the hydrolysis consistency is 30%, the 

process temperature is 160 oC, and the hydrolysis time is 10 to 15 min.  These parameters 

provide a 90% process yield and produce an average MCC size of 20 μm. 

 

Stand-alone MCC plant 

 Figure 1 shows a simplified flow chart of the sMCC case. 

In the sMCC case, pulp raw material is imported to a mill in dry bale form (90% 

consistency). The bales are first disintegrated during the shredding stage with a shear 

shredder (Woodruff 1986), where a certain amount of water is added. The shredded pulp 

suspension is transferred to the hydrolyzing stage by a screw conveyer (Perry et al. 1984), 

where acid is added just prior to hydrolysis. The hydrolysis stage is carried out in a 

continuous screw reactor (Biermann 1993; Brännvall 2007). This reactor type was selected 

because the screw reactor has a simple structure, allows continuous processing, provides a 

production rate that is easy to adjust by changing the screw rotating speed, and allows high 

consistency in the hydrolysis stage which is suitable for the reactor type. The heating of 
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the reactor is carried out using direct steam heating, with steam generation in a bio fuel 

boiler using natural gas as a fuel. The natural gas and process electricity are imported to 

the mill site.  

 

 
Fig. 1. Flow chart of the sMCC case 

 

After hydrolyzation, the product is dewatered and washed to attain a dry matter 

content of 50%. The high 50% dry consistency is possible to gain because the fiber 

structure of cellulose is destroyed and solid MCC particles are formed. Therefore, the 

dewatering of the MCC particles is efficient. Dewatering and washing is performed with a 

decanter centrifuge (Perry et al. 1984). The MCC is dried to a consistency of 90% by using 

a flash dryer (Gullichsen and Fogelholm 1999a). Process water and H2SO4 are supplied to 

the mill. The MCC is packed after drying into flexible intermediate bulk containers. 

Further processing and neutralizing of the hydrolysis filtrate is excluded from the 

sMCC process calculations, which is why waste water treatment is not included in process 

figures. Since the raw material of the process is bleached pulp, the filtrate consists of only 

dissolved carbohydrates without any extractive which can inhibit further processing. This 

reason gives the opportunity to utilize the filtrate stream for various purposes like 

fermentation to produce bioethanol or other processes to produce various biochemicals. 

 

 
Fig. 2. Flow chart of the sMCC case 
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MCC plant integrated into the chemical pulp mill 

 Figure 2 shows a simplified flow chart of iMCC with a capacity of 30,000 BDt/yr 

that is integrated into a chemical pulp mill with a production capacity of 230,000 ADt/yr 

of bleached kraft pulp. 

In both cases, the sMCC and iMCC process equipment is similar. The raw material 

for iMCC is never dried kraft pulp of 30% consistency. Hydrolyzate from hydrolysis leads 

to a chemical pulp mill via an evaporation plant to a recovery boiler to produce energy 

from dissolved carbohydrates. Electricity and heat are supplied from a chemical pulp mill. 

Fresh water is used for the washing stage and used H2SO4 is imported to the plant. 

 

Economic Analysis 
The economic analysis is based on the cost-benefit analysis (CBA), where all 

investment and operational costs are itemized and the net benefit defined. The CBA is 

defined by the return on investment (ROI) and added value on purchased pulp.  

The price of purchased pulp in the case of the iMCC is lower than in the case of the 

sMCC because the never-dried pulp is used and the drying costs of pulp are saved. In the 

economic calculations, the selling price of MCC (1,600 Euros/ADt) is lower than the 

existing market prices (4,000 to 10,000 Euros/ADt). Due to the moderate end-product 

price, it is assumed that a new application will be developed for the various fields of this 

traditional industry (e.g., plastic and paper making). By using developed process concepts 

it is projected to attain a 5% share of the existing MCC markets. Moreover, it is possible 

to produce the new MCC grades with a high lignin content (if raw material is chemical 

pulp after digestion) for new application markets, such as animal feed additives (Dahl et 

al. 2013). 

For the sMCC, power is provided by a public electricity network, and natural gas 

is imported to the mill site to generate steam for process purposes. This causes higher 

energy prices for the sMCC compared to the iMCC, where integration into the energy self-

sufficient chemical pulp mill gives a reduction in energy prices. 

An MCC production plant works in a five-shift system like the typical chemical 

pulp plants in Nordic countries; therefore, 25 operators are needed. In the integration case, 

some benefits are gained and the operator number is lower. Operator costs are based on the 

normal industrial salary standard in Finland (Elinkeinoelämän Keskusliitto 2012). 

The difference in capital expenditure between the stand-alone and integrated plants 

lies in an auxiliary power boiler in the sMCC to generate medium pressure steam (14 to 17 

bars). The specified boiler price includes feed water treatment, heavy oil heating, and steam 

distribution. 

 

 

RESULTS AND DISCUSSION 
 
Technology 
 The mass, water, and fuel calculations for the sMCC and iMCC are presented in 

Table 2. Differences in water amounts come from the difference in the raw material input 

streams between the two plants. The sMCC case uses pulp bales (90% dry consistency), 

and the iMCC case uses an undried pulp stream from a chemical pulp mill. Natural gas is 

used only with sMCC. The amount of dissolved carbohydrate is based on the hydrolysis 

yield. The power demand of the iMCC is 20 kWh/BDt lower than the sMCC because the 

shredding unit is not needed. Steam is used in the hydrolysis reactor and for drying. 
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Table 2. Mass, Water, and Fuel Calculations for sMCC and iMCC Cases 

  Unit sMCC case iMCC case  

Mass and water:       

Pulp needed, CPn = CMp / CMy BDt/yr 33333 33333 

Pulp water, CPw = CPn / CCons - CPn t/yr 3704 77098 

H2SO4 amount, CAa = CPn x CA% t/yr 500 500 

Dilution water, CDwa = CPn / CHyd - CPn - CPw - CAw t/yr 73394 0 

Water to mill, CWm = CDwa + CWwa t/yr 88394 15000 

MCC water, CMw = CMp / CDr - CMp t/yr 3333 3333 

Vapour out, CVo = CMp / CDw - CMp / CDr t/yr 26667 26667 

Filtrate amount, CFa = CPw + CAw + CWm - CMw - CVo t/yr 62778 62778 

Dissolved Carbohydrates, CDc = CPn - CMp t/yr 3333 3333 

Fuel:       

Power demand, CPs kWh/BDt 300 280 

Heat demand, CHs GJ/BDt 5.0 4.3 

Natural gas heat value, CNg GJ/BDt 50.0*   

Effiency factor, CEf   0.9   

Natural gas, CNg = CMp x CHs / CNg / CEf t/yr 3333   

*(Gasum 2014) 

 

The heat demand for both processes is the same, but the iMCC benefits from a heat 

level of 0.7 GJ/BDt when the hydrolyzate is evaporated and then burned in the recovery 

boiler (Table 3). 

 

Table 3. Heat Demand Saving Calculations in the iMCC Case 

  Unit iMCC case 

Hydrolyzate evaporation:     

Evaporated to dry matter, CEdm % 80 

Evaporation plant heat consumption, C7-s  GJ/tH2O 0.4* 

Evaporated water, CEw = CFa - CH / CEdm - CDc t/yr 61944 

Heat demand, CEwhd = CEw x C7-s / CMp GJ/t 0.8 

Recovery boiler:     

Heat Recovery in Recovery Boiler, CHr % 80 

Carbohydrate heat value, CHhv GJ/t 17.6** 

Produced heat from carbohydrates, CPhc = CDc x CHhv X CHr / CMp GJ/t 1.6 

Net heat:     

Produced net heat, CPnh = CPhc - CEwhd  GJ/t 0.7 

Heat demand of iMCC case, CHs = CHs (sMCC) - CPnh GJ/t 4.3 

*7-stage evaporation (Gullichsen and Fogelholm 1999b) 
**(Gullichsen 1968) 

 

The flow charts of the sMCC and iMCC with calculated balances are shown in Figs. 

3 and 4. 
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Fig. 3. Mass and energy balance of the sMCC case 
 
 

 
 
Fig. 4. Mass and energy balance of the iMCC case 

 
 In the integrated option, the hydrolyzate is led to an existing chemical pulp mill, 

where it is evaporated with black liquor before energy production in the recovery boiler. 

Hydrolysis acid dosage of 1.5% corresponds to 5.0 kgS/ADt of chemical pulp and 5.6 

kgS/ton of MCC when the hydrolysis yield is 90%. A low dosage of acid in MCC 

manufacturing allows for cross-recovery with a chemical pulp mill, where the sulfur losses 

are typically 1.5 to 3.0 kgS/ADt (Gullichsen and Fogelholm 1999b). The Nordic softwood 

pulp mill constitutes a tall oil plant. In these pulp mills, tall oil yields are 0.04 to 0.06 ttall 

oil/ADt of chemical pulp, and a tall oil plant typically consumes 100 to 300 kgH2SO4/ttall oil 

(Gullichsen and Fogelholm 1999b). The sulfur amount generated in a tall oil plant is 

calculated in Eq. 1: 

 

200
𝑘𝑔𝐻2𝑆𝑂4

𝑡𝑡𝑎𝑙𝑙 𝑜𝑖𝑙
× 0.04

𝑡𝑡𝑎𝑙𝑙 𝑜𝑖𝑙

𝐴𝐷𝑡
×

32
𝑔

𝑚𝑜𝑙

98
𝑔

𝑚𝑜𝑙

= 2.6
𝑘𝑔𝑆

𝐴𝐷𝑡
     (1) 

 

where 200 kgH2SO4/ttall oil is the typical acid consumption value of tall oil plant, 0.04 ttall 

oil/ADt is typical tall oil yield, 32 g/mol is molar mass of sulfur, and 98 g/mol is molar mass 

of H2SO4. 
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There is a sulfur balance between sulfur feeds and sulfur losses in the recovery 

cycle of a pulp mill. This can be expressed according to Eq. 2, 

 

𝑆𝐹𝑒𝑒𝑑 = 𝑆𝐿𝑜𝑠𝑠𝑒𝑠        (2) 

 

where SFeed is sulfur intake into the pulp mill and SLosses are sulfur losses from the pulp mill. 

The SFeed consists of the sulfur amount from the tall oil plant and the sulfur amount 

from the MCC plant, while the SLosses typically consist of chemical pulp mill sulfur losses. 

The sulfur balance can also be expressed by Eq. 3, 

 

𝑆𝑇𝑂𝑃 × 𝑃1 + 𝑆𝑀𝐶𝐶 × 𝑃2 = 𝑆𝐿𝑜𝑠𝑠𝑒𝑠 × 𝑃2     (3) 

 

where STOP is the sulfur amount from the tall oil plant, SMCC is the sulfur amount from the 

MCC plant, P1 is the production of a chemical pulp mill, and P2 is the production of an 

MCC mill. Equation 3 can also be expressed by Eq. 4: 

 

𝑃2 =
𝑆𝐿𝑜𝑠𝑠𝑒𝑠−𝑆𝑇𝑂𝑃

𝑆𝑀𝐶𝐶×𝑃1
        (4) 

 

The MCC with a certain maximum capacity can be integrated into a chemical pulp 

mill and a capacity can be calculated by Eq. 5, 

 

3.0 
𝑘𝑔𝑆

𝐴𝐷𝑡
−2.6

𝑘𝑔𝑆

𝐴𝐷𝑡

5.6
𝑘𝑔𝑆

𝑡𝑀𝐶𝐶

× 230 000 
𝐴𝐷𝑡

𝑦𝑟
= 16429

𝑡𝑀𝐶𝐶

𝑦𝑟
     (5) 

 

where 3.0 kgS/ADt is typical sulfur loss of pulp mill, 2.6 kgS/ADt is calculated (Eq. 1) 

sulfur amount which tall oil plant generates, 5.6 kgS/tMCC is sulfur amount which is needed 

to MCC production, and 230,000 ADt/yr is chemical pulp mill annual production to where 

MCC process is integrated. 

This cross-recovery, with a MCC plant capacity of 16,429 tMCC/yr, can be 

implemented without adjusting the sulfur balance of the chemical pulp mill. Because the 

products of hardwood mills (e.g., eucalyptus) yield no extractives such as tall oil, a larger 

cross recovery rate can be applied and a larger MCC plant can be implemented. 

Some softwood mills use the preacidulation process with CO2 found in a tall oil 

plant. This approach lowers the amount of needed H2SO4 in tall oil plant, hence a bigger 

cross-recovery rate can be applied; e.g., the charge 100 kgH2SO4/ttall oil is valid when the 

preacidulation with CO2 is adapted in the tall oil refining process. In this case, an MCC 

plant with higher capacity can be implemented without adjusting a pulp mill sulfur balance, 

and can calculated in Eqs. 6 and 7, 

 

100
𝑘𝑔𝐻2𝑆𝑂4

𝑡𝑡𝑎𝑙𝑙 𝑜𝑖𝑙
× 0.04

𝑡𝑡𝑎𝑙𝑙 𝑜𝑖𝑙

𝐴𝐷𝑡
×

32
𝑔

𝑚𝑜𝑙

98
𝑔

𝑚𝑜𝑙

= 1.3
𝑘𝑔𝑆

𝐴𝐷𝑡
      (6) 

 

where 100 kgH2SO4/ttall oil is acid consumption value of pulp mill tall oil plant which uses 

CO2 preacidulation process, 0.04 ttall oil/ADt is typical tall oil yield, 32 g/mol is molar mass 

of sulfur, and 98 g/mol is molar mass of H2SO4, 
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3.0
𝑘𝑔𝑆

𝐴𝐷𝑡
−1.3

𝑘𝑔𝑆

𝐴𝐷𝑡

5.6
𝑘𝑔𝑆

𝑡𝑀𝐶𝐶

× 230000
𝐴𝐷𝑡

𝑦𝑟
= 69821

𝑡𝑀𝐶𝐶

𝑦𝑟
     (7) 

 

where 3.0 kgS/ADt is typical sulfur loss of pulp mill, 1.3 kgS/ADt is calculated (Eq. 6) 

sulfur amount which tall oil plant generates when CO2 preacidulation process is used, 5.6 

kgS/tMCC is sulfur amount which is needed to MCC production, and 230,000 ADt/yr is pulp 

mill annual production to where MCC process is integrated. 

  

Economic Analysis 
The default investment and operational costs used in the calculation are listed in 

Table 4. 

 

Table 4. Defaults Used for the Investment and Operational Costs Calculation 

  Unit sMCC case iMCC case 

Price of purchased pulp, CPpp euros/ADt 630 605 

Heat unit cost, CHuc euros/MWh 50.0* 30.0 

Power unit cost , CPuc euros/MWh 90.0** 30.0 

Operator unit cost, COuc euros/operator/yr 60000 60000 

Number of operators, CNo   25.0 20.0 

MCC mill cost, CMmc mill. euros 25.0 25.0 

Power plant cost, CPpc mill. euros 1.5 0.0 

Maintenance costs constant, CMcc  % of project costs 4.0 4.0 

Fixed cost (without depriciation) constant, CFcc % of project costs 15.0 15.0 

Capital cost (annuitet), constant CCcc % of project costs 13.0 13.0 

Selling price, CSp euros /ADt 1600 1600 

H2SO4 unit price, CAp euros/ton 40.0 40.0 

*(Tilastokeskus 2013a) 
** (Tilastokeskus 2013b; Tulli 2013) 

 

Because pulp is not dried in the iMCC case, savings gained are calculated in Eq. 8, 

 

2500 
𝑀𝐽

𝐴𝐷𝑡
×

ℎ

3600𝑠
× 30

€

𝑀𝑊ℎ
+ 0.15

𝑀𝑊ℎ

𝐴𝐷𝑡
× 30

€

𝑀𝑊ℎ
= 25

€

𝐴𝐷𝑡
  (8) 

 

where 2500 MJ/ADt (Gullichsen and Fogelholm 1999b) is the heat consumption of a 

drying machine, 0.15 MWh/ADt (Gullichsen and Fogelholm, 1999b) is the power 

consumption of a drying machine, and €/MWh values are chemical pulp mill typical 

internal costs of heat and power (Table 4). 

In the case of iMCC, the chemical pulp mill generates electrical power with its own 

back pressure turbo-generator set. High pressure steam to the turbine is taken from a 

recovery boiler and a power boiler. Medium- and low-pressure steams from the turbine are 

further distributed into the MCC process. This implies that steam in the processes can be 

credited with power generation and the steam or heat price is lower compared to the case 

of sMCC, where power is bought from a public electricity network and heat is created with 

natural gas in a biofuel boiler.  



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Vanhatalo et al. (2014). “MCC techno. analysis,” BioResources 9(3), 4741-4755.  4750 

The calculated total project costs and operational costs of the sMCC case and the 

iMCC case are shown in Table 5. 

 

Table 5. Operational and Total Cost of the sMCC and the iMCC Case 

  
Unit 

sMCC 
case 

iMCC 
case 

Pulp cost, CPc = CPn / 0.9 x CPpp  / 1000000 mill. euros/yr 23.3 22.4 

Heat cost, CHc =  CHs / 3.6 x CHuc * CMp  / 1000000 mill. euros/yr 2.1 1.1 

Power cost, CPoc = CPs / 1000 x CMp x  CPuc / 1000000 mill. euros/yr 0.8 0.3 

Operator costs, COc = COuc x CNo / 1000000 mill. euros/yr 1.5 1.2 

Maintenance costs, CMc = CMcc x (CMmc + CPpc ) mill. euros/yr 1.1 1.0 

Fixed cost (without depriciation), CFc = CFcc  x (CMmc + CPpc ) mill. euros/yr 4.0 3.8 

Capital cost (annuitet), CCc = CCcc x (CMmc + CPpc ) mill. euros/yr 3.4 3.3 

H2SO4 cost, CAc = CAa x CAp / 1000000 mill. euros/yr 0.02 0.02 

Total operation cost, CToc = CPc + CHc + CPoc + COc + CMc + 
CFc + CCc + CAc  

 mill. euros/yr 36.2 33.0 

Total project costs, CTpc = CMmc + CPpc  mill. euros 26.5 25.0 

 

The total project costs include the costs of the land plot, building, civil work, 

machinery (with tanks and pipes), utilities, electrical equipment, process control, 

consulting services, and erection and start-up of all machinery. Typically, a contingency of 

20% of the investment are considered in the estimates. The main machinery of both plant 

options (stand-alone and integrated) are of the same size and capital expenditure. The total 

project cost estimates are derived on the basis of the earlier pre-engineering MCC projects. 

 

Cost-benefit and Sensitivity Analyses 
The operational cost and total project expenditure information used to produce the 

cost-benefit analysis is shown in Table 6. 

 

Table 6. Cost-Benefit Analysis for the sMCC and iMCC Cases 

  
Unit 

sMCC 
case 

iMCC 
case 

Selling income, CSi = CMp x CSp / 1000000 / 0,9 mill. euros/yr 53.3 53.3 

Depreciation (20 % of invest.), CD,20% = 0.2 x CTpc 
mill. euros/first 

year 
5.3 5.0 

Net profit before taxes, CNpbt = CSi - CToc   
mill. euros/first 

year 
17.1 20.4 

Taxes (20 %, 2014 ahead), CT,20% = (CNpbt - CD,20%) x 0.2 
mill. euros/first 

year 
2.4 3.1 

Net benefit after taxes, depreciation of 20 % considered, 
CNpat = CNpbt - CT,20% 

mill. euros/first 
year 

14.7 17.3 

ROI, CROI = CNpat / CTpc x 100 % 55.6 69.2 

Added value on purchased pulp, CAvpp = CNpat / CPc x 100 % 63.2 77.2 

 

As seen in Table 6, the ROI and added value on purchased pulp seems to be viable 

and feasible for both examined options. The iMCC case gives 13.6% units of higher ROI 
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values compared to the stand-alone alternative. The corresponding benefit to the added 

value of purchased pulp is 14.0%.  

Sensitivity analysis for ROI and added value on purchased pulp is based on changes 

in the price of raw material, product, energy, and chemicals from -30% to +30% calculated 

from default values (Tables 1 through 6). The sensitivity analysis of ROI and the added 

value where the costs of raw material, product unit, power, and chemicals are taken into 

account are presented in Figs. 5a, 5b, 6a, and 6b. 

 

 
 
Fig. 5. ROI as a function of changes in (a) sMCC case and (b) iMCC case. Price of purchased 
pulp ( ), product selling price ( ), power unit price ( ), and chemical costs ( ). Default 
values (x-axis value 0%) are taken from Tables 1 through 6. 

 

 
 
Fig. 6. Added value on purchased pulp as a function of changes in (a) sMCC case and (b) iMCC 
case. Price of purchased pulp ( ), product selling price ( ), power unit price ( ), and 
chemical costs ( ). Default values (x-axis value 0%) are taken from Tables 1 through 6. 

 

The raw material and product prices have an essential effect on the investment 

economy (the ROI and the added value of purchased pulp), while the effect of the price of 

energy or chemicals were insignificant within the utilized range of –30% to +30%. 

Normally, when the ROI is 15% or more, the company's operations are highly profitable. 

Using this estimation, the lower values of ROI can be achieved only when the selling price 

of the product decreases more than 25.3%, which equates to 1200 €/ADt in the stand-alone 

scenario, and 31.7% which equates to 1092 €/BDt in the integrated scenario. However, 

such low prices for MCC have never been seen in this market. 
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CONCLUSIONS 
 

1. Both process options, the sMCC and the iMCC, show strong profitability when return 

of investment and added value are used as economic indicators. 

2. The iMCC case provides the better economical asset measured with ROI and added 

value on purchased pulp. In addition to the operational savings (or net profit before 

taxes), when the MCC plant is integrated and implemented into the chemical pulp mill 

the annual savings are about 19% (3.3 million euros) relative to the non-integrated 

option. 

3. Integration also allows minor economic risk of investment, since production in the 

MCC plant can be halted (e.g., routine maintenance) and chemical pulp still produced 

in a conventional manner. 
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