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1. SUMMARY 

 

The present study deals with the comparison of different wastewater treatment plants for a 

company that will produce cellulose derivatives. The unit production is planned to produce 

pulp from poplar using BIVIS extrusion. Classically, the properties of the pulp are close to the 

CTMP with a saving consumption water of 86.8% which means that the concentration of the 

wastewater will be higher. The characterisation of the wastewater is given (TSS, COD, BOD5, 

N and P content) in order to compare it with the discharge limit values. Different lines of 

treatment are chosen according to the expected treatment performances which are 99% for the 

TSS, 90% for the COD, 98% for the BOD5, 68% for the N-tot content and 90% for the P-tot. 

The unit treatments are compared together and the choice to work with the €/ton of product 

enables to analyse more easily the different treatments. The investment cost is going to be 

considered for a period of 20 years as well as taking into account the increase of the price for 

the water, the electricity and the raw materials and the operating costs such as the 

maintenance, the repairs, etc. Considering the generated waste, two main steps of treatment 

are needed in order to meet the discharge limit requirements. A screening and a grit removal 

step as a pre-treatment enables to reduce the coarsest materials and then the physical-chemical 

decantation using the coagulation/flocculation is performed to remove a significant part of the 

suspended solids. To reduce the other pollutants, the three additional possibilities are 

membrane technologies which are very compact but with a high investment cost, the activated 

sludge which is classic in a pulp mill with a reasonable cost and a high performance, and then 

the aerated lagoonss which are cheap but a large space is necessary. After, the treatment for 

the sludge has to be done and according to the flow of the output sludge, the only suitable 

equipment possible is the centrifugation. At the end the cost of the investment is included in a 

range of 34-57€/ton of product without taking into account the fate of the sludge. Different 

fates are considered: landfilling, composting, agriculture applications, incineration. It 

increases the total cost between 20 and 70%. After discussion, a recommendation for the 

company to treat the wastewater is possible: a line including a screening, a grit removal, a 

physical-chemical decantation, an aerated sludge and a sand filter.  
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3. ABBREVIATIONS 

 

ADt: Air dry metric tonne of pulp meaning dry solids content in considering that 90 % of dry 

pulp.  

 

BAT: Best Available Techniques, as defined in Article 2(11) of the IPPC Directive 

 

BDO5: Biological Oxygen Demand indicating the amount of biodegradable organic matter in 

the wastewaters assessed using a standard 5 day test. 

 

COD: Chemical oxygen demand indicating the amount of chemically oxidisable organic 

matter in the wastewaters 

 

CTMP: Chemi-thermo-mechanical pulp 

 

DTPA: Diethyl Triamine Penta Acetic acid, complexing agent called usually chelating agent 

has been used for removal of metals 

 

EPA: Environmental Protection Agency 

 

H2O2: Hydrogen peroxide 

 

IPPC: Integrated Pollution Prevention and Control 

 

MBR: Membrane Bioreactor 

 

MLSS: Mixed Liquor Suspended Solids 

 

NOX: The sum of nitrogen oxide (NO) and nitrogen dioxide (NO2) expressed as NO2 

 

TCF: Totally chlorine free (bleaching) 

 

TMP: Thermo-mechanical pulp 

 

TSS: Total suspended solids (in wastewater) 

 

WWTP: Wastewater treatment plant 
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4. INTRODUCTION 

 

Pulp mills are facing the issues of treating the generated wastewater but also the solids since 

large amounts of bark, fibres and sludge are produced. And most of the solid wastes are 

generated during the water treatment (S. Sumathi and Y-T Hung, 2006). 

 

The main goal of this work is to find solutions to treat the wastes from a small production line 

of pulp which plans to produce cellulose derivatives based on poplar wood.  

 

The production line is aimed at obtaining a pulp with properties close to a chemical-

mechanical and thermo pulp (CTMP) but using a process that is called BIVIS extrusion. This 

process has already been tested in a France by the company Clextral for a paper mill. All the 

decisions about the process and all the results had been gathered by a Celodev which is 

specialized in the consulting for the paper industry. In this project, the wastewater data will be 

interpreted. 

 

The amount of chemical products released into the process and what kind of impacts they 

might have on the environment is focussed here. It will lead to a precise characterisation of 

the wastewater and of the generated solid wastes. Thanks to that characterisation, it will be 

then possible to know what performance of treatment is required to reach legal requirements. 

Several alternative treatment lines are to be proposed and discussed in order to help the 

company with its final choice. 

The following issues are discussed: 

What volumes of wastes are considered? Is it likely to change due to an increase of 

production? 

How to best combine the performances of treatment processes, their costs (investment and 

operating costs), space demand, and the energy consumption? 

How to best comply with the additional requirements such as the location of the establishment 

(odours, surfaces, climate…)? 

These questions will be answered in the discussion and a recommendation will be made as a 

conclusion. 

  

The choice will be based on a selection of best available techniques (BAT) all in accordance 

with Article 2 (11) of the IPPC directive and Annex IV of the Directive in France. 
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5. BACKGROUND 

 

The future pulp mill will be located in Champagne Ardennes in France. It is aimed at selling 

cellulose derivatives with a production cost of poplar pulp around 1.18€/kg of dry pulp and 

with a selling cost around 7.8€/kg. The quality of the pulp is better than for a classic mill 

where the production price is very low (an average of 0.6€/kg). The BIVIS extrusion process 

is used. For this process, several kinds of raw materials are needed:  

- about 4 000 tons of poplar each year  

- about 12 000 cubic meters of fresh water 

- chemical reagents 

 

 
Figure 1 The whole process. 

 

To insure all the different stages in the production line, chemical products have to be added. 

Celodev chose not to use chloride products to avoid a heavy treatment; so the bleaching stage 

will occur with peroxide in alkaline condition. 

  

Other facts should be noticed to then characterise the wastes. The peroxide might cause a high 

dissolution of organic materials contained in the wood and thus increase the pollution loads. 

During the pulp production, chelating agents as DTPA are added to remove inhibitors 

contained in the pulp such as metal components. They contain nitrogen, which is to be found 

in the liquid effluent with the TSS.  

 

 

 

 

 

 



   

7 

 

6. CHARACTERISATION OF THE WASTES 

 

The analyses of the data from INERIS enable to predict the volumes and the composition of 

the produced wastewater. The expected results are given here as well as the main assumptions 

to characterise the liquid wastes. It is also decided to consider the liquid characterisation 

separately for the wood handling/debarking and for the pulp production line. 

The kind of produced waste, with the expected amounts and compositions are determined 

here. An overview of the results will be done, analysed and compared with the guideline 

values for the discharges for the paper industry. 

 

6.1 THE DEBARKING STEP 

  

The bark of the trees has a very low cellulose content, so it needs to be removed to improve 

the production yield (around 89%). The bark is a significant mass fraction of the tree (13%). 

That’s why the quantity of solid waste is important. 377.6kg/ADt of solid waste are released 

per day with a moisture content of 65%.  

It must be specified that an Air Dry ton “ADt” means one ton of pulp with a moisture content 

of 10%, which is a reference unit in the paper industry.  

A moisture content of 65% for the waste bark represents 1 270 kWh/ton which doesn’t 

represent a good energy content (formula in the Appendix 4). It is possible to improve the 

calorific value of the solid wastes thanks to a drying operation. A moisture content of 50% 

seems reasonable to qualify the solid waste as a good combustible (DUTRY, 2012). For a 

50% moisture content the lower heating value would become 2 106 kWh/ton. This drying 

operation can be carried out by a heating step or a pressing step. 

Several studies were made by Celodev to evaluate the release of suspended solids. During the 

debarking process, 90% of the released solids were collected as solid wastes (377.6kg/ADt 

per day), and 10% were released in the wastewater as dissolved components. These trials led 

to 72 kg/day of suspended solids in the wastewater (Celodev, 2013 and Clextral, 2011). The 

different compounds and pollutants in the solid and liquid wastes are identified and quantified 

in the “Appendix 4 figure 16”. 

 

The wastes from the debarking step are now characterised and quantified.  

 

6.2 THE PULP PRODUCTION STEP AND ITS EFFLUENTS 

The wastes from the pulp production are focussed here. 

After the debarking, the wood is conveyed to the pulp production step (Appendix 1) which is 

composed of the baking (BIVIS 1), latency 1, the bleaching (BIVIS 2), latency 2 and the 

washing/pressing. The water consumption is reduced by 86.8% thanks to the bivis extrusion 

(Appendix 5 table 21). That’s why the concentrations in the wastewater will be much higher 

than for CTMP processes. The different compounds and pollutants in the liquid phase are 

identified and quantified in the “Appendix 5 table 23”. 
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6.3 GLOBAL WASTEWATER: CHARACTERISATION AND ANALYSES 

A characterisation of the global wastewater and an analysis of its composition are focussed 

here. A comparison of the results will be made with the French guideline values for the paper 

industry.  

6.3.1 GLOBAL WASTEWATER 

 

According to “Appendix 4 and 5”, the pollutants content for the pulp production is quite 

different than for the debarking step. But the nature of the pollutants is the same. In order to 

treat those loads of pollutants together, the wastewaters are mixed. It simplifies the treatment 

and generates only one wastewater (global wastewater) with a total flow of 26.07m
3
/day 

(5.3m
3
/ADt). The expected composition is given by table 1. 

 

Table 1: Global wastewater  

  Concentration (g/L) Release (kg/ADt) Daily flow (kg/day) 

Waste water - 5.3 26.1 

TSS 54 287.8 1410 

COD 27.5 146.6 718.5 

BOD5 10.7 57.2  280.3 

N 0.091 0.483 2.367 

P 0.015 0.079 0.389 

 

Table 1 gives us an indication about the biodegradability of the global wastewater. The ratio 

BOD/COD is equal to 0.38 which is characteristic of an intermediate biodegradable effluent 

(Appendix 6). The high values of COD and BOD5 are caused by the debarking step which 

generates fatty, resin acids, sterols... It explains the high content of organic matter. The 

presence of nitrogen has different explanations. The nitrogen naturally present in the wood 

(about 0.5%) is extracted and dissolved in the wastewater (fibra.net, 2014). It is also due to 

the use of DTPA. The poplar contains also low phosphorous content, which can be very 

different considering the age and the part of the tree and which are dissolved through the 

process (A. Clément and G. Janin, 1973).  

6.3.2 TSS CHARACTERISATION 

 

To have the best performance for the suspended solid removal and then to be able to 

characterize the sludge, their size and their composition have to be known.  

In the suspended solids, coarsest materials can be found. They are residues from the 

debarking step. They represent only 5% of the total mass of suspended solids. Since they have 

a size superior to 5 mm, they can easily be removed by a screening step. 

Sands can also be found. They are essentially due to the wood handling and also represent a 

small part: 5%. Their size and their density enable them to be removed by direct decantation 

as well as the mineral complexes which represent 10%. The mineral complexes are due to the 

chemical reactions with DTPA. 

The main components of the suspended solids are the lignin/hemicelluloses which are the 

main components of the wood and need to be separated from the cellulose for the pulp 
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production. They represent 80%. Their size is below 10 µm which induces difficulties to 

remove them by direct decantation or flotation. A flocculation/coagulation step seems 

indispensible to get rid of them. 

Table 2 sums up this part. 

 

Table 2: TSS Characterisation 

TSS 

Component 

Coarsest 

material 
Lignin/Hemicellulose Sands 

Minerals 

Complexes 

TSS fraction 5% (1) 80% (1) 5% (2) 10% (2) 

Diameter >5mm  <10µm (3) 20µm<d<200µm - 

Density 0.25-0.35 (5) 0.4 (3) 2 (4) >1.56 (6) 

Comments 

Easy to remove 

by screening/ 

sieving 

 Hard to remove by 

screening/sieving/ 

settling 
Easy to remove 

by settling 

Easy to 

remove by 

settling  

 Easy to remove by 

flocculation/coagulation 

(1) CELODEV, 2013 

(2) INERIS, 2013  

(3) Valbiom.be,2013 

(4) Ilarduya.com,2013 

(5) Fibreverte.com 

(6) French chemical, 2011 

The expected composition of the suspended solids will be taken into account for the designing 

of the treatment line.  

 

6.3.3 DISCHARGES GUIDELINE VALUES 

 

The discharges guideline values for the French paper industry are given in table 3. 

 

Table 3: Guideline values of discharges limits for the paper industry (based on a average 

of different sources, Degrémont and Ineris) 

Parameter 
Discharges limits 

(kg/ADt) 

Discharges limits kg/day (considering 

the future activity) 

Flow 17.5
 
 85.8  

TSS 0.75 3.7  

COD 15  73.5 

BOD5 0.75  3.7 

P 0.0075 0.037 

N 0.3 1.47 

These values are the average of the values presented in the “Appendix 9.1” table 48 and show 

that the wastewater needs to be treated before being discharged.  
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6.4 EXPECTED TREATMENT EFFICIENCIES 

Table 4 compares the produced raw wastewater with the guideline values and gives the 

needed performance of treatment to meet the legal requirements. 

 

Table 4: Expected efficiencies for each pollutant 

Parameter 
Raw wastewater 

(kg/day) 

Guideline value 

(kg/day) 
Efficiency expected 

Waste water 26.1 85.8 - 

TSS 1410 3.7 > 99% 

COD 718.5 73.5 90% 

BOD5 280.3 3.7 98% 

N 2.367 1.47  38% 

P 0.389 0.037 90% 

The following assumption has been made to use these values. As the higher values for the 

pollutants releases have been chosen to characterise the wastewater it seems reasonable to 

choose also the higher values for the pollutants discharges. 

The wastewater generated by the future plant has been defined. Choosing the most suitable 

treatment units to reach the performance can now be considered. Several possibilities are 

available and discussed. 

 

 

7. STUDYING AND COMPARING THE DIFFERENT TREATMENT 

POSSIBILITIES 

 

7.1 GLOBAL VARIABLES TO TAKE INTO ACCOUNT 

 

The global variables to compare the different treatment processes are focussed here. A 

common unit has to be set to have a common criterion. The durability of the investment as 

well as the energy and the operating costs evolution have to be defined in order to predict the 

global cost per unit. It is necessary to know if the expected output materials of the treatment 

line can be re-used as an input in the factory or as a raw material for another activity.   

7.1.1 DEFINING THE COMMON UNIT 

 

To be accurate to recommend a solution, all the possibilities have to be considered using the 

same unit. What a company needs to know is the cost to treat the wastewater induced by one 

ton of product. Each process is studied in terms of performance, mass balance, costs and 

space demand in order to treat the wastewater induced by one ADt.  
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Table 5: Initial input mass of pollutants for one ADt 

Initial input (kg/ADt) 

TSS 288 

BOD5 147 

COD 57 

N 0.48 

P 0.079 

 

7.1.2 SENSITIVITY OF THE COSTS 

 

This work is aimed at proposing a treating cost per ton of product, that is to say in €/ADt. A 

durability of 20 years for the treatment installation is considered to have a global cost 

estimation (average for a treatment plant). The investment cost is to be considered for this 

durability (a loan term is of the same time). The sensitivity of the consumption and operating 

costs is also to be evaluated during 20 years. 

 

Consumption costs: 

The main source of energy for the treatment plant is the electricity. The sensitivity of its price 

has to be taken into account. The French electricity prices for the past 15 years were studied 

to determine the average increasing rate (1.6%/year). 

 Electricity price, 2013 : 0.11 €/kWh 

 Electricity price, 2023 (predicted) : 0.13 €/kWh 

 Electricity price, 2033 (predicted) : 0.15 €/kWh 

 

In the pulp production process, wood is used as a combustible for the biomass boiler to 

generate steam for the BIVIS process. The generated bark from the debarking could be used. 

The savings due to the re-use of the bark can be estimated considering the sensitivity of the 

wood price (3.7%/year).  

 Wood price as fuel, 2013: 0.06 €/kWh 

 Wood price as fuel, 2023 (predicted): 0.09 €/kWh 

 Wood price as fuel, 2033 (predicted): 0.12 €/kWh 

 

Operating costs: 

The operating costs are gathering the maintenance, the repairs, the replacement of worn parts, 

the chemicals, the transportation costs (chemicals, sludge…) and the wages. It is assumed that 

all those criteria follow the inflation rate. In France, the current trend of the inflation rate is 

1.5% per year. 

 

To conclude with the sensitivity of the costs, a durability of 20 years is taken into account. 

The investment costs will be considered for this period as well as the increase in the different 

costs at their own rate. It has to be noticed that no transportation cost will be taken into 

account. 
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7.2 TREATMENT UNIT CHARACTERISATION AND COSTS EVALUATION 

 

Various ways to treat the wastewater are focussed here. Thanks to the performances found in 

the literature, a mass balance is carried out. 

A cost estimation is made to give an investment price and an operating price per ton of 

product in the different processes. It will enable to compare them.  

Two categories of treatment units will be distinguished: 

- The indispensible components 

- The other components where a choice is possible 

7.2.1 INDISPENSIBLE COMPONENTS 

 

Considering the generated wastewater from the pulp production line, two main steps of 

treatment are needed to meet the discharge limit requirements for the suspended solids: a 

preliminary step and a primary decantation step. 

 

7.2.1.1 Preliminary step: screening and grit removal 

To protect the equipment on the treatment line, the coarsest materials, the sands, and the 

mineral complexes (TSS characterisation, table 2) have to be removed. A preliminary 

treatment is necessary. Coarse material with a size larger than 5 mm has to be removed by a 

screening step using a bar screen (one stage with a gap of 5 mm). For sands and mineral 

complexes, which are easily settable, a direct decantation step is the most appropriate. It is 

called grit removal. 

According to the distribution diagram of the suspended solids (5% of coarse materials, 5% of 

sands and 10% of mineral complexes), it enables to remove: 

- 5 % of TSS for the screening since it removes 100% of the coarsest materials 

- 14 % for the grit removal since it removes 95% of the settable materials. 

For those two steps, there is a generation of sludge with bark, mineral complexes and sands.  
 

The global cost for the screening over 20 years is 5 315 € which means 0.15€/ADt. The global 

cost for the grit removal over 20 years is 18 275 € which means 0.51 €/ADt. (Appendix 8.3 

table 31 and 32). 
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Figure 2: Flowsheet of the screening stage for the pre-treatment stage 

  

7.2.1.2 .Primary step: physical-chemical decantation 

80% of the TSS content is composed lignin and hemicelluloses fibres which have very small 

diameters (<10 µm) and a low density (cf. TSS Characterisation). A physical-chemical 

decantation is needed to remove this significant part of the TSS (it enables to remove the 

particles between 1 and 20 µm). Here, the non-biodegradable fraction consists in resin acids, 

long-chain fatty, aromatic acids and phenols, lignin and terpenes. These compounds can be 

easily removed thanks to a coagulation-flocculation step using common salts to cause 

agglomeration of small particles into larger flocs (Appendix 8.4). Usually, the chemicals are 

trivalent cations such as salts of Fe
3+

 and Al
3+

 (S. Sumathi and Y-T. Hung, 2006). The main 

problem of this step is the generation of chemical sludge and so an additional treatment is 

needed in order to eliminate the adsorbed pollutants. It has to be noticed that with coagulating 

and flocculating agents, the elimination of the phosphorous can reach 90% (E.Gonze, 2013).  

The global cost over 20 years is 775 592 € which means 21.70€/ADt (Appendix 8.4 table 36). 
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Figure 3: Flow sheet of the coagulation/flocculation process 

 

Now that the indispensible treatments are defined, the secondary treatments can be described. 

Several solutions are available to reach the requirements. 

7.2.2 ADDITIONAL POSSIBILITIES 

 

Table 6 gives the required efficiencies after the indispensible treatment steps. 

 

Table 6: Discharge limits and required efficiencies for the additional treatment 

  
Discharge limit 

(kg/day) 

Discharge limit 

(kg/m
3
) 

Pre-treated 

wastewater 

(kg/m
3
) 

Required 

efficiencies for the 

additional 

treatment 

TSS 3.7 0.14 2.2 93% 

COD 73.5 2.81 9.6 70% 

BOD5 3.7 0.14 3.7 96% 

N 0.735 0.028 0.077 64% 

P 0.037 0.0014 0.0015 7% 

 

Several additional treatments are to be considered to meet the new requirements. 

 

According to table 28 of the “Appendix 8.2”, three main units of treatment can be highlighted 

as regard to their performance for the organic matter: 

- Membrane technologies 

- The activated sludge 

- And the aerated lagoonss. 

 

 

7.2.2.1 Membrane technologies: 

 

As the main unit of a process, the membrane bioreactor has the best performance. In the 

literature, for the suspended solids, the COD and the BOD5, the performances can reach 

100%, 90% and 98%. Since it is a biological treatment, for the nitrogen and the phosphorous, 
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the minimum performance will follow the natural biological ratio: 100 g of eliminated BOD5 

induce the elimination of 5 g of N and 1 g of P. 

 
Figure 4: Flow sheet of the membrane bioreactor 

 

The global cost over 20 years is 1 097 756 €, hence a cost per ton of products for membrane 

technologies of 30.71€/ADt (Appendix 8.5 table 43). 

 

7.2.2.2 The activated sludge: 

 

After the primary treatment, the discharge limit of suspended solids is not reached yet (only 

96%) and the activated sludge doesn’t have a considerable effect on the residual solid, so it 

necessary to complete the activated sludge unit with an additional unit. The only coherent 

process which can be combined with the activated sludge process is the sand filters. For the 

activated sludge combined with the sand filter, for the suspended solids, the COD and the 

BOD5, the performances can reach 95%, 90% and 98%. Since it is a biological treatment, it 

will also follow the biological ratio BOD/N/P. 

The global cost for the activated sludge combined with sand filter over 20 years is 536 982 € 

which means 15.02 €/ADt (Appendix 8.5 table 43). 
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Figure 5: Flow sheet of the activated sludge process with sand filter 

 

7.2.2.3 The aerated lagoons:  

 

After the primary treatment, the discharge limit of suspended solids is not reached yet and the 

aerated lagoons doesn’t have a considerable effect on the residual solid, so it necessary to 

complete the lagoon with an additional unit. The only coherent process which can be 

combined with the lagoon is the sand filters.  

For the lagoon combined with the sand filter, for the TSS, the COD and the BOD5, the 

performances can reach 95%, 85% and 96% (European commission, 2001). Since it is a 

biological treatment, it will follow the natural biological ratio. 

 

 
Figure 6:  Flow sheet of lagoons with sand filter 

 

The global cost is 271 129 € for the combination of lagoons and sand filter which also means 

7.59 €/ADt (Appendix 8.5 table 45). 
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7.3 SLUDGE CHARACTERISATION AND TREATMENT 

7.3.1 SLUDGE FROM THE PRELIMINARY TREATMENT 

 

For the screening, the retained materials are only composed of the coarsest materials (bark in 

the studied case). The composition is the same as for the solid waste from the debarking step. 

Consequently, those two wastes will be mixed to have the same common treatment (10% 

from screening, 90% from debarking): 201kg/day are obtained with a moisture content of 

65% (Appendix 11 table 49). The pulp production plant has a biomass boiler which needs an 

input of wood to produce steam for the BIVIS process. So the best solution to get rid of this 

waste is to burn it in the boiler to recover the energy content and make savings in the wood 

consumption. But the moisture content is too high to enable a direct combustion (cf. part 

“solid waste from debarking”) hence the need to dry it. The boiler generates steam throughout 

pipes with heat losses that can be used to dry the bark. Once the bark dried to 50% of 

moisture content, it can be burnt. The bark treatment installation doesn’t require anything 

special except a storage place. The 10% of bark from the screening step enable to make the 

following savings: 

- 144 kg/d with 50% of dry content means also 52.6 t/year 

- 303 kWh/d, 110 700 kWh/year 

- 5.70 €/ADt produced. 

For the grit removal, the retained materials are only composed of minerals (sands and mineral 

complexes). 235kg/day of sludge (MC 20%) are generated (Appendix 11 table 50). The only 

available destination for the sands is the re-use in public works (as backfill materials). 

7.3.2 SLUDGE FROM THE PHYSICAL-CHEMICAL DECANTATION 

 

In the primary decantation tank, 11027 kg/day of sludge were generated with an organic 

content of 82.5% and a moisture content of 88%. The sludge extraction induces a water 

removal of 37% of the volume to treat. It represents a significant untreated volume out of the 

treatment line. So it has to be recovered and re-injected in the further treatment process. A 

centrifuge is used to separate the dry sludge from the water. It is the only possibility to treat 

such a small volume and flow. The dry content of the obtained sludge is about 50%. The 

treatment can be summed up in figure 7. 

It can be observed with this mass balance that 50 litres of water are lost for each treated cubic 

meter of wastewater that is to say a loss of 5% of water. 

The global cost for the centrifuge is 140 090 € which represents 3.92 €/ADt. 
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Figure 7: Sludge from the physical chemical treatment with the centrifuge 

 

7.3.4 SLUDGE FROM THE MEMBRANE BIOREACTOR AND THE 

ACTIVATED SLUDGE 

 

In the membrane bioreactor as well as in the activated sludge, 1436 kg/d of sludge (MC 95%) 

was generated with an organic content of 70%. 

It can be notice that the organic content is similar between the primary and secondary sludge 

and the generated amount of secondary sludge from the bioreactor represents 5% of the 

generated sludge. That’s why it can be considered that the composition will be unchanged if 

mixed, so they are treated together. It can be noticed that the amount of generated sludge is 

increased by 5% and the amount of re-injected water in the treatment line by 14%. 

 

 
Figure 8: Sludge from membrane bioreactor and activated sludge with the centrifuge 

 

The treatment of the mixed sludge can be assimilated to the treatment of the primary sludge 

alone in terms of costs. The electricity consumption, the maintenance and the repairs won’t 

change a lot because of an increase of 5% of sludge to treat. 

 

 

 

 

Towards secondary 
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Towards secondary 
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7.3.5 SLUDGE FROM THE LAGOONS 

 

In the lagoons, 157 kg/d of sludge (MC 90%) were generated with an organic content superior 

to 60%. The amount of generated sludge from the lagoons is much lower than for the other 

secondary treatment. 157 kg/d over 1 045 m² is not enough to consider a daily extraction. 

Curing once a year seems reasonable. The amount of sludge to extract per year is as follows: 

- 57.3 t/year 

- 55 kg/m² of lagoon 

The curing phase is an indispensible in the operation of a lagoon. The curing costs are 

included in the operating costs. As compared with a continuous extraction, it would represent 

a sludge flow of 6.5 kg/h. Several treatments are possible to thicken this sludge:  

- Sludge drying beds 

- Thickening by drainage 

- And centrifugation. 

Since all of them require an investment and that the centrifuge is already set up for the 

primary sludge, no further investment is needed with the choice of the centrifuge. The sludge 

from the lagoon represents only 1.4% of the generated amount of sludge. It is considered that 

the composition will be unchanged if mixed, so they are treated together. 

 

 
Figure 9: Sludge from the lagoons with the centrifuge  

 

The treatment of the mixed sludge can be assimilated to the treatment of the primary sludge 

alone in terms of costs. The electricity consumption, the maintenance and the repairs won’t 

change because of an increase of 1.4% of sludge to treat. 
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7.4 SUMMARY OF THE TREATMENT PROCESS POSSIBILITIES AND 

SLUDGE  

 

The table below enables to sum up the data and gives an overview of all the processes. Three 

main solutions were highlighted and compared in terms of space demand and costs. 

 
Table 7:  Summary of the three solutions 

  Solution 1 Solution 2 Solution 3 

Screening  x x x 

Grit removal x x x 

Physical-chemical decantation x x x 

MBR x     

Activated sludge   x   

Lagoon     x 

Sand filter   x x 

Centrifuge x x x 

Surface 40 m² 390 m² 1410 m² 

Investment 835 600 € 330 700 € 220 800 € 

Operating costs (2013) 55 394 € 53 127 € 47 514 € 

Operating costs (20 years) 1 201 428 € 1 145 954 € 1 008 601 € 

Total (20 years) 2 037 028 € 1 476 654 € 1 229 401 € 

€/ADt produced 57 €  41 €  34 €  

 

The company needs to get rid of the mixed sludge. It has a high organic content so the 

following possibilities can be considered: landfilling, composting, the agriculture application 

(fertilizer) and the waste incineration. 

Table 8 is a summary of the combinations with the different sludge fates (Appendix for the 

estimation of the fate of the mixed sludge). The three main solutions were divided into four 

new subsections. 

 

Table 8: estimation of cost with sludge fate for the solution 1 

  
Solution 1.1 Solution 1.2 Solution 1.3 Solution 1.4 

Wastewater treatment (€/ADt) 57 57 57 57 

Landfilling X 
   Composting 

 

X 
  Agriculture application 

  

X 
 Incineration 

   

X 

Total (€/ADt) 95.18 85.49 65.57 90.07 

Total (€/20years) 3 402 448 3 055 920 2 343 824 3 219 664 
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Table 9: estimation of cost with sludge fate for the solution 2 

  
Solution 2.1 Solution 2.2 Solution 2.3 Solution 2.4 

Wastewater treatment (€/ADt) 41 41 41 41 

Landfilling X 

   Composting 

 

X 

  Agriculture application 

  

X 

 Incineration 

   

X 

Total (€/ADt) 79.52 69.83 49.91 74.41 

Total (€/20years) 2 842 672 2 496 144 1 784 048 2 659 888 

 

 

Table 10: estimation of cost with sludge fate for the solution 3 

  
Solution 3.1 Solution 3.2 Solution 3.3 Solution 3.4 

Wastewater treatment (€/ADt) 34 34 34 34 

Landfilling X 

   Composting 

 

X 

  Agriculture application 

  

X 

 Incineration 

   

X 

Total (€/ADt) 71.00 61.74 42.61 66.10 

Total (€/20years) 2 538 032 2 206 736 1 536 528 2 362 864 

 

The overview can be showed as follows in figure 10: 

 

 
 

Figure 10: overview of the price for the WWTP and the sludge disposal 
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The company is located in an agricultural area, and in France it is allowed to re-use the sludge 

as fertilizer. So it is totally applicable and it represents the cheapest way to dispose of the 

mixed sludge. 

The costs are as follows in figure 11. 

 

 
Figure 11: solution and price with the sludge disposal price (€/ADt) (*: prices for a 

moisture content of 50%, transportation costs not included) 

 

It can be noticed that the production price is around 780 €/ADt and the selling price around 

1200 €/ADt. To remove all the waste without taking into account the gas emission treatment 

and the transportation, the solution 1, 2 and 3 represent with the agriculture application 

respectively 8%, 6.2% and 5.4% of the production cost.  
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8. DISCUSSION 

 

8.1 VARIABLES TO TAKE INTO ACCOUNT 

 

The cost of the unit treatment cannot reach more than 5% of the final price of the process to 

produce derivatives cellulose (estimated to 10 to 15 million euros). Celodev wants a 

wastewater treatment with an investment below 500 000 €.  

The production won’t increase during the durability period of 20 years. The investment cost 

has to be reduced as much as possible, as well as the operating costs in order to have a cost 

per ton of product as low as possible. The scale of the production line is really small as 

compared to a classic pulp mill so the economical aspect might prevail.  

As for the space demand, the pulp mill is to be built in an area where other companies and 

offices are located. The space has to be optimized and some other variables have absolutely to 

be taken into account such as the odour, the noise. 

8.2 ANALYSES 

 

The different feasible solutions have been highlighted, it is now possible to analyse the 

different combinations to orient the company in the best direction.  

Two out of three of the studied possibilities respect the investment limit of Celodev 

(500’000€). The membrane bioreactor line represents an investment higher than expected (of 

65%). It has to be noticed that the membrane technology line needs a surface 10% less than 

for the activated sludge and 30% less than for the lagoons.  

The available surface for the treatment plant is not known yet because it will depend on the 

final choice. But the smaller the treatment plant will be, the lower the purchase of land will 

be. So the market price of the land will be one of the criteria to look at for the final choice. An 

investigation has to be done to conclude properly.  

The activated sludge and the lagoon treatments meet the investment wish. The lagoons 

represent the best solution in terms of costs since it is 30% cheaper than the activated sludge 

investment. But the space demand is very large to be set up in the future industrial area. 

Moreover the lagoons generate odour adverse and will be located within close proximity of 

offices. It is the cheapest way to treat the wastewater, the easiest in terms of maintenance, but 

the most difficult to set up.  

The activated sludge treatment completely respects the investment requirements. Although it 

is more expensive than the lagoons (17% more for the global costs) it will need a smaller 

surface (72% less). That’s why all those criteria have to be taken into account in the final 

decision. 

Concerning the sludge, it can be noticed that all the solutions generate the same amount and 

kind of sludge, so it doesn’t have to be a criterion of choice. However, the sludge 

management represents a significant part of the global costs. To get rid of the generated 

sludge, the global costs can be increased by 70% in the worst case (landfilling). It is important 

to underline that the agriculture application is well below the other way to get rid of the 

sludge in terms of price. The future treatment plant will be located in an area where the 

agriculture activity is very important. The location and the nature of the sludge allow to 

choose it for the sludge management. 

Other studies can be made in order to make extra savings thanks to the treatment plant such as 

the possibility to re-use the treated water for the debarking step. 
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8.3 RECOMMENDATION 

 

Based on previous discussions, our recommendation is a line in which an activated sludge 

process is included.  

 

The first thing to look at is the performances of treatment of the processes. This work was 

carried out in the view of meeting the legal requirements; all the solutions are equal for this 

criterion. The production capacity is not likely to evolve; the performances of treatment 

would be unchanged. 

Then the most important criterion is the investment capacity of the company. The membrane 

bioreactor line exceed the 500 000€ set by Celodev, so it is excluded from our 

recommendation.  

Concerning the costs (investment, energy costs, maintenance…), the line with the lagoon is 

cheaper than the activated sludge one. But the difference is not very significant since the 

highest operating cost is the physical-chemical decantation which is in both lines. We prefer 

to look at other variables before making our recommendation. 

The space demand is also a very important variable as described in the discussion. It will 

greatly influence the purchase of land. As regard to this criterion, it is a drawback for the 

lagoon line.  

Additional requirements are also considered, such as the location. The proximity of other 

companies requires an optimization of the space, and to take care of adverse effects such as 

the odours which are characteristic of the lagoons.  

That’s why we would recommend the line in which there is the activated sludge. But the 

lagoons shouldn’t be totally excluded; further studies about the purchase of land and the 

odour treatment of generated gas must be carried out.  

 
Figure 12: Recommended treatment line  
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1. EXPLANATIONS ABOUT THE BIVIS PROCESS 

 

This appendix enables to know how the whole process of BIVIS works and the advantages of 

using it and why it is close to the CTMP. 

 

The pulp with the properties close to the Chemical-Thermo-Mechanical-Pulp usually called 

CTMP is produced with a process of BIVIS extrusion. The production of CTMP from poplar 

is divided into two steps, with the BIVIS extrusion, which uses two pulping extruders in 

series. It enables to have an impregnation and a partial cutting with the first extruder and a 

bleaching and an additional cutting with the second one. This extrusion is based on the use of 

twin screws extruder as the main pulping device. To obtain the needed pulp, it is necessary to 

add chemical products and to use mechanical equipment to obtain the cellulose for the pulp. 

This process enables to obtain CTMP, it is a mechanical or chemical-mechanical pulping 

method in which fibres are processed by means of compression and shear forces that cause 

defibration, fibrillation and shortening of the fibres. 

 

 

 
Figure 13: Process of BiVis from CLEXTRAL (Annita PH Westenbroek, 2000) 

 

Before using the BIVIS it is necessary to have wood chips. First, the barks of the logs have to 

be removed (debarking) and the wood is chipped after cleaning, grinding and screening. 

Wood chips or fibre bundles of poplars with a dryness around 50%, are processed into pulp 

during the extrusion pulping and refining.  

After the addition of water or recycled clear and sodium hydroxide, the fibres are cooked 

simultaneously and are pre-cut. Cooking is carried out at high dryness with a temperature at 

the outlet of the BIVIS machines higher than 90°C. Unbleached pulp from BIVIS 1 is 

conveyed to a second pump and then to BIVIS 2 to wash and cut the fibres in order to obtain 

the bleaching pulp. The pulp is washed with three sections of compression/shear in the BIVIS 

machine whose sheath is equipped with filters. The bleaching is carried out by injecting a 

solution of hydrogen peroxide and a solution of sodium hydroxide. No chelating agent or 

stabilizer of the hydrogen peroxide is necessary for this process. The washing water and the 

chemicals are injected thanks to a pump. The bleached pulp is diluted to 3.5% before being 

thickened in a screw press to obtain a bleached pulp to a dryness of 35%. The pulp is then 

diluted and stirred and its concentration was adjusted to 3 to 3.5%. The pH of the slurry is 

adjusted to the desired value.  
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The whole process depends on the geometry of each section and the screw configuration. The 

most important device is the reversed screw element (RSE) which is composed of threads 

whose pitch is opposite to the transport screw (before and after) to slow down the transport of 

the fibres. It enables to have an accumulation and so to have a better compaction. Clextral has 

already tried different configurations for the BIVIS with the number of 3 threads for each 

instead of 2 for the first extruder and 4 for the second one. Using three threads enables to have 

a better defibration and impregnation of chemical products like the peroxide and sodium 

hydroxide for the first step of cooking. For the second extruder it also enables to save more 

residual peroxide, to maximize the quantity of chemical products, and to reduce the electric 

power. Table 11 below shows the concentration decided by the company Celodev. 

 

Table 11: Components added for the BiVis process trial 

Concentration of chemical products added* BIVIS 1 BIVIS 2 

NaOH 6.0% 3.7% 

Silicate 2.2% 2.6% 

H2O2 2.1% 7.8% 

DTPA 0.50% 0.50% 

water ratio 1.5 2 

*chemical products using for the bleaching step 

 

The effects and the main advantages of this technology can be described here. During the 

extrusion phase, pulping fibres are shortened, and the fibre bundles are defibrated and 

fibrillated. Mechanical treatment enables to swell in a better way the fibres because it can 

increase the surface area and so the hydrogen bonding. With a lower molecular weight so with 

a low degree of polymerization DP, the hemicellulose can be degraded and dissolved more 

easily than the cellulose. 

Sodium hydroxide partly decomposes the lignin, which also facilitates defibration because the 

cell wall becomes more flexible with NaOH. It results in a faster decrease of swelling with 

network pressure. Hydrogen peroxide H2O2 enables to oxidize the lignin as a pre-treatment 

and for the bleaching. The environmental quality is also preserved since the bleaching process 

only puts out hydrogen peroxide as a bleaching agent to obtain a bleached pulp called TCF 

(Total Chlorine Free). Lignin restricts swelling and decreases the adhesion forces between 

fibres because of its hydrophobic nature covered the fibres (Annita P.H. Westenbroek, 2000).  

The summary below enables to have the input materials in the process. 

 

Table 12: Input materials in the pulp process 

input materials ton/day ton/year kg/Adt* 

NaOH 0.979 179.5 199.9 

silicate Na2SiO3 0.618 113.3 126.1 

H2O2 0.404 74.1 82.5 

DTPA 0.051 9.4 10.5 

Wood 11.03 2023.04 2251.6 

* data obtained thanks to a conversion available in the appendix 
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2. THE PROPERTIES OF THE WOOD OF POPLAR 

 

This appendix shows that the properties of poplar will be an advantage for the production of 

pulp. Some comparison will be done to justify the choice of this raw material. 

 

There are two kinds of structure for wood: softwood from gymnosperm trees and hardwood 

from angiosperm. The main difference between them are essentially the properties of the 

fibres contained is the wood. Poplars, also called Populus, belong to the family of hardwood 

and usually classified as broad-leaved trees. In France, this kind of tree represents at least 

1.6% of all the forest (AFOCEL, 2002) with 233 000 ha. They can be currently found in 

temperate and cold regions of the northern hemisphere and they have a short life but their 

growth is relatively fast.  
 

Table 13: Average repartition of main components in wood (M. Hietala, 2013) 

Main component Hardwood Softwood  

Cellulose 43-47% 40-44% 

Hemicelluloses 25-35% 25-29% 

Lignin 16-24% 26-30% 

Extractives 2-8% 1-5% 

 

Hardwood is mostly used in the industry process because of its properties and poplars provide 

a good quality for the pulp and paper. The properties of each poplar depend on the species but 

also on the site where they grow. For this reason all the sources don’t give the same 

composition of elements. 

 

The main components in the wood are the cellulose, the hemicelluloses and the lignin. The 

cellulose is an organic linear anionic chain with β(1→4) linked D-glucose units, insoluble in 

water whose formula is (C6H10O5)n. The strong hydrogen bonds between chains of cellulose 

form the fibre that will be treated in pulp and paper mill. Hemicelluloses are polymers 

composed of different types of sugar like glucose, mannose, galactose, xylose and arabinose. 

They have the property of being more degraded and dissolved than cellulose (M. Hietala, 

2011). Thanks to the lignin formed in the middle lamella, the fibres are glued together. The 

lignin is a complex heterogeneous biopolymer with a phenol structure. It has an amorphous 

structure, irregular, water-insoluble, non hydrolysable and resistant to degradation by most of 

the organisms. That’s why it is necessary to have heavy treatments in pulp mill to remove the 

lignin (S. Sumathi and Y-T. Hung, 2006). 

 

Celodev decided to choose poplars that belong to the family of hardwood because of their 

huge availability in France, their short life and their quick growth. The cellulose content is 

pretty high as compared to other trees. That’s why they can be mostly used in the wood 

industries. In order to have good properties for the cellulose derivatives, the choice of poplar 

seems to be the better raw material especially because this kind of trees is available next to the 

future company Celodev. 
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Table 14: Main components content for poplar (S. Thiebaud, 1995) 

Components Poplar 

Cellulose 51.10% 

Hemicellulose (pentonases) 21.40% 

lignin 22.70% 

protein substance 0.80% 

resin 1 to 2.7% 

ash 0.40% 

 

The organic (cellulose, lignin, extractives) and inorganic (ash) content of the bark is a little bit 

different. Bark, which represents 13-14% of the entire tree of poplar, has a lower cellulose 

content and higher lignin and extractives content but also a higher inorganic content as 

compared to the wood itself. The mineral content of the bark is higher than for the wood 

tissue. According to their properties, the bark of the tree has to be removed to avoid 

contamination due to different kind of treatment as well. 

 

Table 15: Average repartition of components in bark (USDA Forest Service, 1971) 

Main component Hardwood Softwood  

Polysaccharides* 32-45% 30-48% 

Lignin 40-50% 40-55% 

Extractives Up to 20% Up to 20% 
*cellulose and hemicellulose  

 

The general elemental composition (C, H, N O, S) content of poplar is around (P. Sannigrahi, 

et al.) 50% of C, 5-6% of H, 41-43% of O, 0.5% of N, 0.01-0.02% of S. 

 

It can be interesting to notice that the cellulose content in the poplar is high. It is one of the 

interesting properties that a pulp mill wants. The low content of hemicellulose is also a good 

point to produce cellulose derivatives because they don’t need a heavy treatment. Poplars 

have also a high degree of crystallinity. With more crystalline regions it is easier to obtain a 

low degree of substitution DS (between 0.6 and 1) in the chain of cellulose in order to obtain a 

good final product. Otherwise if there are more amorphous regions, the substitution can be 

high (more than 1), the chain cannot be soluble and the phenomenon is not reversible. 

 

For all this reason the selling price is justified according to the high quality request in order to 

meet the objectives of the customers. 
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3. ASSUMPTIONS 

 

According to the literature (Ineris, 2013) the water emissions are mainly composed of 

oxygen-consuming organic substances which are in the form of dissolved or dispersed organic 

substances. The only data available for the project were gathered during the BIVIS trial and 

estimated thanks to a simulation in Excel for the production line. But the other data from 

debarking stage or the composition of sludge will be based on the CTMP mill. All the stage 

and the loss of wood during the process are indicated as well in the figure 14 below.  

 
Figure 12: Main released substances during the production of pulp and the different 

percentage of wood loss in each step of the process 

 

The main assumption is that the pulp from the extrusion process is similar to the CTMP. In 

that case, it can be interesting to have more details about the input and output in general for 

the CTMP mill. The knowledge about the estimation of wood loss and the percentage of 

consumption of each chemical are needed. The pulp depends on the added products and their 

consumption, the water consumption, the loss of wood, the time, the temperature and so on… 

 

Assumption about the loss of wood  

During the process, some parts of the wood are removed in order to obtain a good quality of 

cellulose at the end. It is estimated that there is 20% of wood loss without once the debarking 

carried out.  

  

Assumption about the waste taking into account the reactions between chemical products and 

pulp 

Some products will need to be taken into account at the output of the pulp making process 

such as the DTPA, the sodium hydroxide and the silicate. For the suspended solids, it is 

composed of at least the residual part of the chemical products but also the residual wood 

such as the lignin, the hemicelluloses and the cellulose. The simulation enables to know the 

generation of suspended solids and the volumes of generated wastewater. The results are 

given in table 16. 
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Table 16: TSS and wastewater generation (based on the simulation) 

  TSS Wastewater 

Stage ton per day ton per year ton per day ton per year 

Handling wood 

and debarking 
0.072 26.3 10.73 3 916.5 

Cooking 0.132 48.2 6.26 2 284.9 

Bleaching 0.662 241.6 9.83 3 587.9 

Washing 0.544 198.6 17.33 6 325.5 

Total 1.41 514.6 26.07 9 515.6 
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4. WOOD HANDLING AND DEBARKING STAGE 

 

This appendix enables to get the assumptions about the debarking stage and explain all the 

process in order to give properly all the characterisation of wastewater.  

 

The first steps before producing pulp are the handling of wood and debarking processes. The 

bark has to be removed from the tree in order to avoid a possible low yield. The low cellulose 

content in the bark can damage the equipment and a high content of extractives components 

could increase the consumption of chemical products during the cooking and bleaching stages 

(Elisabet Brännvall, 2006). The wastes from the wood handling stage generate fatty and resin 

acids but also sterols. When the process uses water, some of the components can be dissolved; 

their impact on the environment has to be taken into account. 

It is easier to remove the bark when the moisture content is quite high. The retention time in a 

drum barker needed to reach a certain barking degree. It becomes more difficult to bark with 

dry logs than with fresh wood but the effluents are not the same because dissolved 

components are found in the wastewater. When the debarking wet is performed, organic 

compounds such as resin acids, fatty acids and highly colored materials are leaching from the 

bark and are found in the effluent. Most of the time, barking is performed in rotary drum 

barkers. The separated bark is discharged from the drum through longitudinal slots in the 

drum wall (Metso Paper). The removed bark can be used in the mill for the production of 

power and heat but the moisture content is generally high (around 60%) so it is difficult to 

reuse it directly to be burned, they need to be pressed. The heating value of bark decreases 

considerably with the water content. For this process, the method used for the debarking stage 

will be done in wet debarking in order to remove easily the bark from the logs. The 

information about debarking rejections in the wastewater from several European factories of 

paper production is gathered in table 17. 

 

Table 17: Rejections from wood handling before treatment (Ineris, 2013) 

Methods of debarking 
Flow  

m
3/

m
3
* 

BOD7 

kg/m
3
* 

COD 

kg/m
3
* 

tot-P g/m
3
* tot-N g/m

3
* 

Dry debarking 0.1-0.5 0.1-0.5 0.2-2.0 2.0-4.0 3.0-6.0 

Wet debarking 1.0-1.2 1.0-3.0 4.0-6.0 5.0-7.0 20-30 

* per solid wood ` 

  

Wood species, seasonal changes because of the temperature and the storage of the wood logs 

can affect the amount of dissolved solids. In a mechanical pulp process, it does not affect the 

stability of the cellulose and the lignin, but carbohydrates, hemicelluloses, agents to extraction 

(for example fatty acids or resin), proteins and inorganic substances including nitrogen and 

phosphorus, and can be dissolved in the water dispersion process.  

 

Approximately 10% of the bark is soluble in water (Celodev, 2014) and the rest is saved in 

order to be reuse. This soluble fraction is composed of 50 to 60% of phenolic substances and 

about 25% of soluble carbohydrates. Depending on the conditions of the wood storage, it is 

possible to find also carboxylic acids and alcohols in the effluent from the debarking plant. 

Some compounds discharged from mills show toxic effects on aquatic organisms. 

 

The results have to be given in the same unit. For this reason, the estimation of the density of 

poplar will be 0.46t/m
3
 for a moisture content of 12% (atomer.fr, 2014). That means that the 
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density for a dry wood is 0.405t/m
3
. It is now possible to determine the pollutants released by 

kg/ton of dry wood. The new characterisation of the effluents after the debarking stage is: 

 

Table 18: pollutants released from the debarking stage (kg per ton of dry wood) 

Methods of 

debarking 

BOD7 kg/t of 

dry wood 

COD kg/t of 

dry wood 

tot-P g/ton of 

dry wood 

tot-N g/ton of 

dry wood 

Dry debarking 0.25-1.23 0.49-4.94 4.94-9.88 7.41-14.81 

Wet debarking 2.47-7.41 9.88-14.81 12.35-17.28 49.38-74.07 

 

The process needs an input of 5.52 tons of dry poplar per day but 13% of it is removed, so 

4.80 tons of dry wood per day is considered without bark and can be treated. In that case, 72 

kg of soluble bark can be found in the wastewater or around 13 kg/ton of dry wood of 

suspended solids for the debarking stage. The consumption of dry wood is estimated to 2.78 

m
3
/ with a density of 0.405 t/m

3
. The calculation enables to compare with the literature based 

on the wood consumption for a CTMP process with 2.8 to 3.0 m
3
/ADt which shows a 

coherent result. To conclude, the debarking step of the future production line will be carried 

out with a wet debarking stage which leads to more important pollutant loads. 

 

The daily mass balance of the different inputs and outputs can be synthesized as follows in 

figure 15:  

 

 
Figure 13: Daily mass balance of debarking step 

 

These data have been collected from the company Celodev, which performed several trials to 

estimate the amount of wood and water needed to meet the pulp production needs and also 

according to the simulation. These trials also allowed to estimate the amount of generated 

solid and liquid wastes. (Celodev, 2013 and Clextral, 2011). 

The bark of the trees has usually a moisture content of 55 to 60%. After a wet debarking step, 

the moisture content of the generated solid waste is brought to 65 to 70% (INERIS, 2013), but 

the value of 65% is to be kept because it is the most frequent found data in the literature. The 

performed trials and the literature studies lead to expect the following daily amount and 

composition of generated solid wastes by the debarking step (table 19). 
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Table 19: Composition and properties of solid waste from the debarking 

Mass of solid waste 
Moisture 

content 
Volume of water  

Mass of dry 

solid 

Lower Heating 

value 

1846 kg/day*  65% ** 1200 liters/day 646 kg/day* 1270 kWh/ton *** 

*CELODEV, 2013, **INERIS, 2013, ***ADEME, 2011 

The calorific value is the amount of energy contained in a mass unit of fuel. The higher 

heating value (HHV) and the lower heating value (LHV) have to be distinguished. The lower 

heating value is equivalent to the energy generated by the combustion of a fuel without 

recovering the latent heat of the produced steam; it’s the theoretical recoverable energy in the 

case of a perfect combustion. The values found in the literature are usually given in an 

anhydrous state (LHV0%). In average, the poplar bark is around 4 890 kWh/ton (ADEME, 

2011), calculated thanks to the regulation NF M 03-005 and can be determined in the same 

way for the Swedish regulation SS 18 71 82. The LHV depends on the moisture content and 

can be determined thanks to the following formula: 

            
           

   
             

For a moisture content of 65%, the result is 1270 kWh/ton which doesn’t represent a good 

energy content. But it is possible to improve the calorific value of the solid wastes thanks to a 

drying operation. A moisture content of 50% seems reasonable to qualify the solid waste as a 

good combustible (DUTRY, 2012). With such water content the lower heating value would 

become 2106 kWh/ton which represents an increase of 66%. This drying operation could be 

carried out by a heating step or a pressing step, but it is important to notice that the generated 

wastewater from a pressing step is very toxic and can reach a COD content up to 60 kg/m
3 

(INERIS, 2013 and Rapport Finlandais, 1997), this additional wastewater will have to be 

taken into account. The possible treatments of the generated solid waste will be described 

farther. 

The debarking step uses a large amount of water (almost 50% of the water needs for the 

whole process) and so produces a significant amount of wastewater with pollutants contents 

which can be variable. The released pollutants from a dry debarking are much lower than in 

the case of a wet debarking, but despite this fact this latter choice has been made by 

CELODEV for their future production line. This process uses more water (about 4 times in 

average) but the way to remove the bark is easier. In the literature, the released wastewater for 

such a process is between 0.6 and 2m
3
 for an input of 1m

3
 of dry poplar. As quoted before the 

density of dry poplar is 0.405 tons/m
3
 which means that the daily dry wood consumption is 

13.58 m
3
 (5.52tons/day). In that way, for 11.03m

3
 of water for the debarking stage, there is 

13.58m
3
 of dry wood which means 0.81m

3
 for an input of 1m

3
 of dry wood. The consumption 

is low for this kind of process and so the concentration of pollutants will be higher than usual. 

 

Table 20: Released pollutants in the wastewater from the debarking step (INERIS,2013 

and Rapport Finlandais, 1997 and Bibliothèque et archives nationales du Québec, 2012) 

Process 

BOD5  COD Total N Total P 

(kg/m
3
 of dry wood) 

(kg/m
3
 of dry 

wood) 

(g/m
3
 of dry 

wood) 

(g/m
3
 of dry 

wood) 

Wet debarking 
        

0.9 – 2.6 4 – 6  20 – 30 5 – 7 
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At the end, the summary of the debarking stage is as follow: 

 
Figure 16: Daily wastes from the debarking step 

It must be noticed that these values have been obtained considering the higher value for each 

released pollutant. This choice has been made to be as much farsighted as possible to design 

the treatment plant, which seems to be wise. In the case of an unplanned breakdown which 

would induce the stop of the production, the production would increase the next day to meet 

the production needs and so it would increase the daily pollutants rejections. That’s why this 

choice has been made. 
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5. EFFLUENTS 

This appendix deals with the characterisation of effluents from the production line and why 

the data chosen for this work can be used. For the characterisation of the generated wastes by 

these units, they will be considered as only one unit to simplify the study. The daily mass 

balance of the different inputs and outputs can be synthesized as follows in figure 17: 

 
Figure 17: Daily mass balance of pulp production step 

The process of pulp production thanks to the BIVIS system is relatively new, and the 

environmental impacts for such a process are badly known. No data for the pollutants 

rejections are available concerning the BIVIS process. This process uses similar chemical 

reagents in its production line with approximately the same quantities as the classical existing 

CTMP production units. Considering it, the following assumption can be made. The released 

pollutants and the environmental impacts of the BIVIS process can be assimilated to those 

from classical CTMP production units. This assumption will be used to characterise the 

wastewater. It is important to compare the water consumption between the two processes in 

order to have the best assumption about the wastewater. Table 21 shows typical ranges of 

water consumption for the processes of mechanical pulp CTMP (Ineris, 2014) and for the 

mechanical pulp from BIVIS calculated in relation with the previous data. 

 

Table 21: Consumption of water for CTMP and bivis 

mechanical pulp production water consumption (m
3
/ADt) 

CTMP* 15 - 50 

Bivis with recirculation** 4.3 

* (Ineris, 2014) and ** simulation 

Table 21 enables to say that as the BIVIS process consumes less water and considering the 

same pollutants releases, the concentrations in the wastewater will be much higher than in 

those from CTMP processes. The treatment will be stronger but the amount of water will be 

dramatically reduced. An average of 32.5 m
3
/ADt for the CTMP production enables to say 

that the water consumption is reduced by 86.8% with the BIVIS process using 21m
3
 of fresh 

water. 
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INERIS, is a national institute which is aimed at characterising and understanding the 

environmental impacts and hazardousness of industrial activities. This institute carried out 

several studies to characterise the pollutants released by CTMP production plants set up in 

Norway, Finland and Germany. Those studies will be used as main reference for the 

characterisation of the wastewater from the BIVIS production line. The results of the daily 

pollutants released are gathered in table as follows. 

 

Table 22: Daily wastewater from the pulp production (INERIS, 2013) 

Process 
BOD5  COD Total N Total P 

(kg/ADt) (kg/ADt) (g/ADt) (g/ADt) 

BIVIS 

production line 
25 – 50 80 – 130 130 - 400 50 – 60 

 

The estimation of effluents can be given as follow: 

 

Table 23: Pollutants rejection from pulp production (* from Celodev) 

  Wastewater 2 : 15.33 m
3

  

  Daily release (kg)  kg/ADt Concentration (g/L) 

TSS* 1338  273  17.73 

COD 637  130  41.36 

BOD5 245  50  15.91 

Tot-N 1.960 0.40 0.127  

Tot-P 0.294 0.06 0.019  

It must be noticed that these values have been obtained considering the higher value for each 

released pollutant. This choice has been made to be as much farsighted as possible to design 

the treatment plant.  Knowing the current production and the volume of used water, it leads us 

to consider the following composition of the wastewater. This wastewater is only a part of the 

global wastewater to be treated, so the analysis of the figures will be done later in the global 

wastewater characterization. 

 

It is interesting to compare the generated pollutants with the French population equivalent 

(Unit of measure defined in FRANCE by the article R2224-6 Code general des collectivités 

territoriales, Wikipedia). Table 24 presents these values and defines the equivalent for the 

future pulp production plant. 

 

Table 24: Environmental impact of the wastewater from the pulp production 

  
1 Population equivalent 

releases/day* 

Population equivalent of the 

plant 

Waste water 0.15 m
3
 174 

TSS 80 g 17 625 

COD 120 g  5988 

BOD5 60 g 4672 

N 15 g 158 

P 4 g 98 
* data from E.Gonze, 2013 and S.Guittonneau, 2013 
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6. GENERAL INFORMATION ABOUT THE CHARACTERISATION OF 

EFFLUENTS 

 

This appendix enables to have an overview of all the parameters studied to treat the 

wastewater in general. Some details about each parameter will be given as well. 

 

The generated effluents have to be controlled and it can be done with different analyses in 

order to estimate the ecological risks and the water quality for the receiving ecosystem. With 

all the analyses, the unit processes can be maximized with different stages of effluent 

treatment. It is necessary to estimate the impact of the water with some analyses such as the 

colour, the chemical oxygen demand (COD), the biochemical oxygen demand (BOD), 

adsorbable organic halides (AOX), salts, heavy metals, total dissolved solids (TDS), total 

organic content (TOC), total suspended solids (TSS), volatile organics (VOC), concentrations 

of nitrogen and phosphorus (N and P) that are both vital for the maintenance of the active 

microbial population in the activated sludge. 

About the colour, it may be a way to know if there is any visible pollution. The turbidity has 

to be taken into account as well. The turbidity is due to the presence of suspended particles, 

including colloidals: clays, silts, grains of silica, organic matter, etc... The abundance of these 

particles is measured by its turbidity. The lower its value is, the more effective the water 

treatment is. The measurement of the turbidity of the water can be carried out using the 

opacimeter and the Tyndall effect. They can be classically reduced by flocculation and 

coagulation. 

 

The oxidizable organic matter in the wastewater can be measured thanks to the BOD5, the 

COD and the TOC. The BOD5 measures the quantity of dissolved oxygen, expressed in 

mgO2.L
-1

, used by microorganisms in the biochemical oxidation or the organic matter. This is 

the amount of oxygen, consumed by the bacteria over 5 days at room temperature (around 

20°C). It enables to know partially or totally the amount of oxygen consumed to decompose 

the organic substances into CO2 in the water. It is aimed at evaluating the content of 

biodegradable organic matter. 

 

The biodegradation of organic matter by microorganisms requires oxygen for the growth and 

the elements. The degradation of the substrate can be schematized as follows (S. Guittonneau, 

2013): 

            
               

       
 

 
         

      
                  

 

The chemical oxygen demand (COD) is the amount of oxygen consumed by the existing 

materials and oxidizable in water under defined operating conditions. The measure is an 

estimation of the oxidizable material in the water, whether its origin is organic or mineral 

(ferrous iron, nitrites, ammonia, sulphides and chlorides) and whether it is biodegradable or 

not. The substances found in water are chemically treated under severe oxidation conditions 

in order to also estimate the non-easily degradable matter (S. Guittonneau, 2013). 

            
     

         

       
 

 
         

      
    

For industrial effluents, which may contain a significant fraction of non-biodegradable 

compounds, the following rules are generally used:  
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 COD/BOD5 <3: readily biodegradable effluent  

 3 <COD/BOD5 <5: moderately biodegradable effluent 

 COD/BOD5> 5: effluent barely biodegradable or non-biodegradable  

 

This ratio of biodegradability (COD/BOD5) is also very useful to monitor the performance of 

biological treatments.  

 

The total suspended solids (TSS) and total dissolved solids can be analysed thanks to standard 

filtrations. The sample with residues is weighed and the TSS can be calculated.  

 

The presence of metals is also an important issue for industrial wastewater. Metals extracted 

from the wood are discharged in low concentrations, but because of the large wastewater 

flows involved, the pollution load can be significant. Many metals can have a harmful impact 

on the environment, human health if their toxicity is not controlled. Phosphorous and nitrogen 

which are necessary nutrients for the water treatment can produce undesired effects at high 

concentration. They might cause algae to grow faster than what the ecosystems can handle 

and so decrease the needed amount of oxygen available in the environment for the different 

species (EPA, 2013). 

 

The pH is also an important measure that has to be measured. It enables to measure the 

concentration of hydrogen ions and give the range of pH if it is acidic or alkaline. Many 

rejections contain alkalis or acids that require neutralization before being discharged into 

waterways or before a subsequent chemical or biological treatment. Before any discharge into 

the natural environment, the pH should be between 5.5 and 8.5. 

 

In this work, the wastewater presented will be the one to be treated. Generally for the pulp 

mill the ratio COD/BOD5 depends on the specie of wood and the range of acceptable value is 

from 2.5 to 6 and in that case, the ratio is 2.56. The ratio BOD5/N/P according to the table is: 

100/0.84/0.14. In that case the amount of nutrients is not enough to ensure the growth for the 

biological treatment. The ratio means that the material is biodegradable (BOD/COD = 0.38: 

intermediate). 

The volumetric mass of the cellulose is 162.14g/mol and cellulose is normally one of the most 

important components in the sludge with lignin. To determine the COD, it is necessary to 

provide 6 O2 for the reaction with cellulose (C6H10O5)n, and so the COD has a volumetric 

mass of 32g/mol. The average of the ratio TSS/COD can be around 1.68 and in the results 

above 1.96 but that can be explained by the lignin content and other components in the 

wastewater (chemical products, sand, heavy metals and so on…). 
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7. ASSUMPTIONS ABOUT THE UNITS IN THIS WORK 

 

This appendix enables to understand the calculations that have been done in this work. To 

change the unit it is necessary to convert all the flows depending on the time per day, per year 

or per hour. Usually, in pulp and paper mill, the flows are used in ADt (referred to the dry 

pulp produced). 

 

The simulation made for this work enables to know the final production of pulp and then to 

determine the ADt. The assumption here will be that there is still moisture content in the pulp 

at the end because the water is not released from the chemical products. 

 

Table 25: Amount of pulp and wood in and out of the process per day and year 

Stage Ton of input wood per day Ton of output wood per day 

Handling wood and 

debarking 5.52 4.80 

Cooking 4.80 5.44 

Bleaching 5.44 5.44 

Washing 5.44 4.90 

 

To determine the concentration of released effluents, the standards for the pulp mills are given 

in kg/ADt where ADt means air dry metric tonne of pulp with about 90% of dry pulp. In this 

work, it is estimated that there is 4.9 ADt/day. 

To conclude this appendix, the calculations for all the tables will be based on 4.9 ADt/day. 
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8. TREATMENT UNITS  

8.1 OVERVIEW OF THE DIFFERENT TREATMENT UNITS 

 

This appendix gives an overview of the main treatment units that exist, from the preliminary 

treatment units to the tertiary via the primary and the secondary treatments. This appendix is 

aimed at helping choosing the most relevant treatment plant comparing the different units. 

 

The target of those units is to separate and eliminate:  

- the suspended solids (SS or TSS for total suspended solid), the colloids, and the 

dissolved matter; 

- the organic and mineral substances; 

- the biodegradable and non-biodegradable components. 

To achieve these goals, the treatment units can be implemented together or separately, 

combining physical, physic-chemical, and biological process. 

 

For the preliminary treatments, which are aimed at eliminating the coarsest materials, four 

main physical means of treatment can be distinguished: 

- screening 

- sieving 

- grit removal 

- grease removal 

For the primary treatments, which are aimed at holding back the maximum of suspended 

solids and floating materials, both chemical and physical processes can be used: 

- coagulation-flocculation (chemical) 

- decantation, flotation, filtration (physical) 

For the secondary treatments, which are aimed at eliminating the dissolved pollution but also 

part of the suspended solids, biological and physical processes have been set up. 

 

Table 26: Possible units for the secondary treatment 

Secondary Treatments 

Dissolved organic matter (biological) TSS (physical) 

Aerated lagoons (aerobic) 

Clarifier 

Biofilters, trickling filters, rotating biological contactors (aerobic) 

Membrane bioreactor (MBR) (aerobic) 

Activated sludge (aerobic) 

Anaerobic sludge reactors (anaerobic) 

Fluidized bed (anaerobic) 

Aerated lagoons (anaerobic) 

 

Finally in general, for better performances in terms of elimination of TSS, COD (especially 

non-dissolved) and of other trace elements, the tertiary treatments are: 

- the membrane processes (microfiltration, ultrafiltration, nanofiltration, inverse 

osmosis…); 

- the adsorption on active charcoal; 

- the disinfection methods (Cl2, O3, UV…). 

But in this work, they won’t be study as a tertiary treatment. 
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8.2 CHOICE OF THE TREATMENT UNITS 

 

Concerning the effective water treatment in the market, nowadays, the activated sludge 

treatment is the most common, and if it is properly designed it is very efficient. It enables to 

achieve reductions of 98 % for the BOD and 85 % for the COD. Two-step processes can be 

used (first step with a heavy load followed by a second with a lower load). It has the 

disadvantage of relatively high concentrations of nutrients in the effluent. That’s why some 

CTMP mills have to add chemical treatments. Some others can add biofilters after their 

activated sludge unit. Theoretically, the pulp mills wastes can also be effectively treated by 

anaerobic methods since the effluent concentrations often exceed 2 000 mgCOD/L 

(S.Sumathi et al. 2006). In this appendix, some choice has to be done. According to the 

expected performances and the TSS characterisation, the treatment line tends towards a 

preliminary treatment which is the screening and grit removal equipment and then a physical-

chemical decantation which are indispensible. For the secondary treatment, three solutions 

can be possible. For the decision-making, a comparison will be done in relation with all the 

data gathered from the treatments line in different pulp mill. 

For that, table 27 sums up the different processes used in the pulp industries and their 

characteristics (S.Sumathi et al. 2006). 

 

Table 27: Observed treatment processes in the pulp industry (S. Sumathi et al. 2006) 

Process Incoming BOD Efficiencies Advantages Limits 

Immersed aerobic 

biofilter (1 step) 
20 – 100 mg/L 

DOB5 (60-80 %) The biomass is 

immobilized 
Sensitive to SS 

DOC (50-60 %) 

Immersed aerobic 

biofilter (2 steps) 
100 – 300

+
 mg/L 

DOB5 (60-80 %) The biomass is 

immobilized 
Sensitive to SS 

DOC (50-60 %) 

Trickling filter (low 

load) 
< 100 mg/L 

DOB5 (60-70 %) Simple facilities ; Clogging ; 

DOC (50-60 %) 
Low energy 

consumption 
Odours 

Trickling filters 

(high load) + 

activated sludge 

200 – 800 mg/L Not specified 
  

Activated sludge (1 

step) 
100 – 1000 mg/L 

DOB5 (85-95 %) 
Traditional process 

High energy 

consumption ; 

Excess of sludge DOC (75-90 %) 

Activated sludge (2 

steps) 
600 – 1200 mg/L 

DOB5 (85-95 %) Better properties for 

the sludge 

High energy 

consumption ; 

Excess of sludge DOC (75-90 %) 

Biofilms on mobile 

beds 
300 – 1500 mg/L 

DOB5 (85-95 %) 
Reduced volume Excess of sludge 

DOC (80-90 %) 

Rotating biological 

contactors 
Not specified Not specified 

Efficient for small 

factories; 

Few references Low energy demand 

(<0.3kWh/kg 

eliminated BOD) 

 

Table 28 enables to give which treatments units according their performances are relevant for 

this work. 
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Table 18: Average efficiencies of the wastewater treatment units (E.Gonze 2013) 

(Racault, Y., et al. 1997) (O.Alexandre et al. 1998) (Türker et al. 2009), (Mahmoud et al. 

2004) (European Commission, 2001)  

Process 
Efficiencies % 

Ranking 
TSS BOD5 COD 

Direct decantation 35-55 15-25 15-30 8 

Physic-chemical 

decantation 
75-90 35-60 35-60 7 

Activated sludge 90 90-95 80 2 

Aerobic lagoons 80 / 75-80 6 

Primary decantation + 

trickling filters 
85 80 75 5 

Primary decantation + 

rotating biological 

contactors 

85 80 75 5 

Aerated lagoons 85 95 85 3 

UASB reactors 85 90 70 4 

Primary decantation + 

membrane filtration 
> 95 > 95 > 95 1 

 

The secondary treatments which can be used are the membrane filtration, the activated sludge 

and then the aerated lagoons. They will be focussed in the next part of the appendix. 

8.3 PRELIMINARY TREATMENTS 

 

This appendix is aimed at giving more information about the preliminary treatments. The 

main goal of the preliminary treatment units is to remove the coarsest material from the 

effluent. This step of a wastewater treatment is realized only with physical processes which 

are aimed at holding back: 

- The coarsest material fraction 

- The settleable fraction of the suspended solid, composed of mineral materials (mainly 

sands) and organic materials 

- The hydrophobic fraction characterized by the lipids and fat materials 

- The floating materials characterized by a lower density than water  

 

The choice for the components of a preliminary treatment depends on the characteristics and 

the content of the parameters above. Concerning the coarsest materials, a screening or/and 

sieving steps are needed (the gap of the screen and the mesh of the sieve will be determined 

thanks to the size of the materials). Then about the particles residual from the coarsest 

material with a size higher than 20 µm, a direct decantation step can be carried out; this step is 

called grit removal. Concerning the hydrophobic fraction and the floating materials a flotation 

step can be considered. The choice of a preliminary treatment depends on what is going to 

follow in process. For example the direct decantation step is not necessary part of the 

preliminary treatment and can be observed in the primary treatment. 

The performance of these different steps depends on the components choice (screen/sieve 

configuration…). For this work it will be supposed that the component studied would be 

classical screen and sieving as follows: 

- Screen with a gap of 10mm 

- Sieve with a mesh of 1mm 
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Table 29: Requirements of preliminary treatments (E. Gonze, 2013) 

  Screening Sieving Flotation 
Grit removal 

(decantation) 

Presence of oil / grease / floating particles     X   

TSS (dp > 10 mm) X 
   

TSS (100 µm < dp < 10 mm) 
 

X 
 

X 

TSS (20 µm < dp < 1 mm)         

 

As shown in table 29 above the sieving step is not mandatory if a decantation step is 

performed. It is also interesting to notice that the preliminary treatment steps allow to lower 

the COD and BOD5 content. Table 30 below shows the performance that can be expected for 

each unit. 
 

Table 30: Average efficiencies of primary treatments (E. Gonze, 2013) 

  TSS BOD5 COD 

Screening 0-2% / / 

Sieving 4-6% 1-2% 2-4% 

Flotation 15-20% 8-10% 8-10% 

Grit removal (direct decantation) 35-55% 15-25% 15-30% 

 

The flotation step can be improved by air injection. To avoid a fast clogging of the sieve it 

would be wise to use several sieves with descending mesh. 

This work is focussed on the screening stage and grit removal. The obtained preliminary 

results showed unrealistic dimensions as far as the screening surface is concerned. The input 

flow is too low. Since the screening doesn’t need to work continuously, it is decided to set up 

a retention tank to store the daily volume of generated wastewater which is going to be 

screened in only one time in a short period (1 hour). Then the grit removal will be supplied 

with the output of the screening according the characterisation of the TSS. 

To define the costs of the screening device, only the investment cost and the daily 

maintenance are considered since (there is no other operating costs than the maintenance). 

The estimations are as follow in table 31: 

 

Table 31: Estimation of the price for the investment cost and operating cost 

  Screening step Reference 

Surface 0,08 m
2
 1 

Dimension (L*H) 40 cm * 20 cm 
 

Investment 1 500 €  2 

Operating cost 160 €/year (2013) 215 €/year (2033) 3 815 €/20 years 3 

Global cost 
  

5 315 €/20 years 
 

Tons of product 1 787 ADt/year 35745 ADt/20years   

1)   
 

    
   

                 

 with Q (m
3
/h), u = 0.6 m/s, C = 0.3 for a manual screening 

2) C.Hernoult et al. 2014, O.Alexandre et al. 1998 

3) Taking into account the inflation rate of 1.5%/year 

 

It can be noticed that for the defined period of 20 years, the global cost is 5 315 €, hence a 

cost per ton of product for the screening of 0.15€/ADt. 

 

Similarly, the estimations for the grit removal step are as follow in table 32. 
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Table 32: Estimation of the price for the investment cost and operating cost 

  Grit removal step Reference 

Surface 0,108 m² 1 

Dimension 

(diameter) 
38 cm 

 

Investment 12 500 € 2 

Operating cost 
236 €/year 

(2013) 

318 €/year 

(2033) 
5 775 €/20 years 3 

Global cost 
  

18 275 €/20 years 
 

Tons of product 1 787 ADt/year 35745 ADt/20years   

1)   
 

   
, with Q (m

3
/h), Vup = 10 m/h to have a good decantation of the sand 

2) C.Hernoult et al. 2014, O.Alexandre et al. 1998 

3) Taking into account the inflation rate of 1.5%/year 

 

The global cost for the grit removal over 20 years is 18 275 €, hence 0.51 €/ADt. 

8.4 PRIMARY TREATMENTS 

 

This appendix is aimed at giving more information about the primary treatments. The main 

goal of the primary treatment units is to hold back the maximum of suspended solids. But that 

kind of treatment also allows to lower the concentration of the BOD5 and of the COD since 

the suspended solids contains ox disable materials. 

If the effluent contains oils and greases then a flotation is needed. Otherwise, the retention of 

the suspended solids is made thanks to decantation processes. If the diameter of the particles 

dp > 20 µm, then a direct decantation is possible. For the particles between 1 and 20 µm (1 < 

dp < 20 µm), a physical-chemical decantation is needed, that’s why the decantation is 

preceded by a coagulation-flocculation phase. 

 

The choice of a primary treatment is also related with what is going to follow in process. For 

instance, in the case of biological treatments at low load, a primary treatment is not needed. 

On the other hand, primary treatments are compulsory before treatments with culture on 

media such as the biofilters, the trickling filters, and the rotating biological contactors, but 

also if the sludge is then stabilized in anaerobic conditions (E.Gonze 2013). 

 

Table 33: Requirements of primary treatments 

  
Direct 

decantation 

Physic-chemical 

decantation 
Flotation 

Presence of oil and grease or floating particles     X 

TSS (dp > 20 µm) X 
  

TSS (1 µm < dp < 20 µm) 
 

X 
 

Cultures on media in the treatment plant X X (X) 

 

The coagulation-flocculation phase is aimed at bringing out the stability of the colloidal 

suspensions to create flocs by grouping small isolated particles. The principal is to add 

substances with a high ionic charge which destabilize the particles and enable their 

agglomeration. Three steps can be distinguished: 

- The coagulation to discharge the suspended solids and colloids thanks to iron of 

aluminium salts (e.g: FeCl3, FeSO4, Fe(SO4)3, FeSO4Cl, Al2(SO4)3, AlCl3…).  
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- The agglomeration of the colloids and suspended solids with lime (Ca(OH)2) to 

increase the performance of the elimination of the DOB5 and the TSS. 

- The flocculation to increase the volume, the mass and the cohesion of the flocs thanks 

to organic polymers.   

The main advantages of this phase is to increase the performance of decantation (cf. table 9) 

and to get more compact facilities but the production of sludge is higher and the cost of the 

reagent has to be taken into account (E.Gonze 2013). The main inconvenient for this kind of 

treatment is that it increases the total amount of sludge. 

In this work, the TSS characterisation and the previous treatment enable to conclude that the 

decantation step with coagulation flocculation is necessary. In that case, the physical-chemical 

decantation is the best choice.  
 

Table 34: Average efficiencies of primary treatments (E.Gonze 2013) 

  TSS BOD5 COD 

Physic-chemical decantation 75-90% 35-60% 35-60% 

 

Table 35: limits and advantages of the primary treatment (O.Alexandre et al. 1998) 

Limits of the primary treatment Advantages of the primary treatment 

Tall structure The effluent doesn’t become septic 

Not aesthetic The sludge is well stabilized 

Risk of odour A unique structure 

Problems of civil works The operation is easy 

 

In this work, the estimation for this equipment is as follow: 

 

Table 36: Summary of the design and cost for the coagulation/flocculation process 

  Physical-chemical decantation Reference 

Surface coagulating 

tank 
0,36 m² 1 

Dimension coagulating 

tank (L*w*h) 
60 cm * 60 cm * 1m 

 

Investment coagulating 

tank 
4 700 € 2 

Surface decantation 

tank 
3,5 m² 3 

Dimension decantation 

tank (diameter) 
2,11 m 

 

Investment 37 400 € 2 

Total investment 42 100 € 
 

Operating cost 
36 558 €/year 

(2013) 

37 315 €/year 

(2033) 

733 492 

€/20years 
4 

Global cost     
775 592 

€/20years 
  

Tons of product 1 787 ADt/year 
35745 

ADt/20years 
  

1:      , with Q (m
3
/h), t = 20 min to have a good mixing 

2: O.Alexandre et al. 1998 
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3:   
 

  
, with Q (m3/h) and vl the speed limit of stokes (   

               

   
), ρs = 1400 kg/m

3
 and dp = 20 µm 

(S.Dauphin, 1998) 

4: Operating costs + chemicals costs (8.8 kg/m
3
 of chemicals, 410 €/t of chemicals) (O.Alexandre et al.1998, 

enseeiht.fr 20/02/2014) 

 

It can be noticed that for the defined period of 20 years, the global cost is 775 592 €, hence a 

cost per ton of product for the coagulation/flocculation process of 21.70€/ADt. 

8.5 SECONDARY TREATMENTS 

 

This appendix is aimed at giving more information about the secondary treatments. The main 

goal of the secondary treatment units is to eliminate the soluble and colloidal pollution which 

have resisted to the previous treatments. The principal of that kind of treatment is based on the 

bio-purification: the organic matter is consumed by microorganisms and transformed into gas 

(mainly CH4 and CO2) and energy, and into biomass that can be separated by decantation 

(E.Gonze 2013).  

 

But for this work, only activated sludge, membrane technology and aerated lagoons will be 

focussed according to the choice made in 9.8.2. 

 

 

Free cultures – Activated sludge 

 

 
Figure 19: A generalized, schematic diagram of an activated sludge process  

 

The aeration tank contains the activated sludge with the aerobic bacterial population. It is 

stirred to avoid the deposit of sludge and to put into contact the bacterial flocs and the water 

to be purified. It is also oxygenated to bring enough oxygen to the aerobic bacteria. The 

excess of sludge is extracted and evacuated towards the sludge treatment. A part of the sludge 

is recycled at the head of the aeration tank to increase the biomass concentration in the tank. 

The separation of the bacterial flocs is performed in the clarifier by decantation (E.Gonze 

2013). The recommended mass load is 0.1 kg BOD5/(kgTSS.d). (O.Alexandre et al. 1998) 

 

The performances, the limits are given in table 35 and 36. 
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Table 37: Average efficiencies of activated sludge treatment (E. Gonze 2013) 

  TSS BOD5 COD 

Extended aeration (<0.1kgBOD5/(kgTSS.d)) 90% 95% 80% 

Medium load (0.2 to 0.5 kg BOD5/(kgTSS.d)) 90% 90% 80% 

 

Table 38: limits and advantages of the activated sludge treatment (O.Alexandre et al. 

1998) 

Limits of the activated sludge Advantages of the activated sludge 

High investment costs 
Good efficiencies for all the parameters (even for the nitrogen) 

High operating costs 

 

In this work, the activated sludge has to be combined with a sand filter in order to reach the 

expected performance according to the TSS characterisation that can be found in this work. A 

sand filter has to follow the activated sludge process in order to reach the expected 

performance for the TSS which are high for the pulp production line. The costs are estimated 

and are gathered in the table 39. 

 

Table 39: Summary of the design and cost for the activated sludge 

  Activated sludge Reference 

Volume of aerated tank 35 m
3
 1 

Dimension aerated tank 

(L*w*h) 
9 m * 2 m * 2 m 

 

Surface clarifier  1.81 m² 2 

Dimension clarifier 

(diameter) 
1.52 m 

 

Investment 205 000 € 3 

Operating cost 
9 013 €/year 

(2013) 

12 139 €/year 

(2033) 

220 553 

€/20years 
3 

Global cost   425 553 €   
1:                      with Qsludge = 0.05 m

3
/h and sludge age = 30 days to have an extended aeration 

2:   
 

   
, with Q (m

3
/h), Vup = 0.6 m/h 

3: C.Hernoult et al. 2014, A.Chacot et al. 2012, O.Alexandre 1998 

 

Table 40: Summary of the design and cost for sand filter 

  Sand filter Reference 

Surface 350 m² 1 

Dimension (L*w*h) 19 m * 19 m * 1 m 
 

Investment 52 700 € 2 

Operating cost 
2 400 €/year 

(2013) 

3 232 €/year 

(2033) 

58 729 

€/20years 
2 

Global cost   111 429 €   

1: 2 m²/ hydraulic population equivalent (documentation M.A.G.E, 2007) 

2: O.Alexandre 1998 
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Table 41: Summary of the design and cost for the activated sludge and sand filter 

  Activated sludge + Sand filter 

Surface 370 m² 

Investment 257 700 € 

Operating cost 
11 413 €/year 

(2013) 

15 371 €/year 

(2033) 
279 282 €/20years 

Global cost   536 982 € 

Tons of product 1 787 ADt/year 35745 ADt/20years 

 

It can be noticed that for the defined period of 20 years, the global cost is 536 982 €, 

15.02€/ADt. 

 

 

Free cultures – Membrane bioreactors: 
 

 
Figure 20: External Membrane bioreactor  

   

A membrane bioreactor consists in the association of a biological reactor and a physical 

separation through a porous membrane. Microfiltration or ultrafiltration membranes are often 

used. Those techniques are the membrane processes commonly used in the wastewater 

treatment field. They are aimed at eliminating the TSS, the turbidity, the undissolved COD, 

the bacteria and some viruses (E.Gonze 2013). For the ultrafiltration, the pore diameters are 

between 1 and 100 nm and for the microfiltration between 0.1 and 10 µm (J-M.Berland et al. 

2002). With that kind of treatments after a primary decantation (to avoid the clogging of the 

membranes), very high performances can be obtained (table 42). 
 

Table 42: Average efficiencies of the membrane filtrations (E.Gonze 2013) 

  TSS BOD5 COD 

Primary decantation + membrane filtration > 95 % > 95 % > 95 % 

 

The same principal of the activated sludge is used, but instead of a clarifier, a porous 

membrane is used as shown in figure 20. 

 

With this process, the performance is better (TSS 100%, BOD5 98%, COD 90%) than for the 

activated sludge with the clarifier which has already good performances (TSS 90%, BOD5 90-

95%, COD 80%). As it is going to be detailed in the membrane part (Tertiary treatments), the 

costs are much higher as far as membranes are concerned. The maintenance is also an 

expensive aspect of those processes (E.Gonze, 2013). 

The estimation is:  
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Table 43: Summary of the design and cost for the membrane technologies 

  Membrane bioreactor Reference 

Volume of MBR 35 m
3
 1 

Dimension of  MBR 

(L*w*h) 
9 m * 2 m * 2 m 

 

Investment 763 000 € 2 

Operating cost 
13 680 €/year 

(2013) 

18 425 €/year 

(2033) 

334 756 

€/20years 
2 

Global cost   1 097 756 €   

Tons of product 1 787 ADt/year 
35745 

ADt/20years 
  

1:                      with Qsludge = 0.05 m
3
/h and sludge age = 30 days to have an extended aeration 

2: A.Chacot et al. 2012, O.Alexandre et al. 1998 

It can be noticed that for the defined period of 20 years, the global cost is 1 097 756 €, hence 

30.71€/ADt. 

 

Aerated lagoons 

 

This kind of process needs huge floor surfaces. The effluent is kept during very long durations 

in ponds (1 to 3m) where the purification is performed under slow kinetics. To eliminate the 

TSS, an additional stage is needed as the activated sludges. The efficiencies are 85% for the 

TSS, 95% for the BOD5 and 85% for the COD (Türker et al. 2009 and Mahmoud et al. 2004 

and European Commission, 2001). 
 

In terms of cost comparison of anaerobic and aerobic treatments, the anaerobic processes are 

generally more expensive of 20% for the investment. With lower operating costs and a 

potential income generated by the energy recovery, the treatment cost of the COD remains 

lower for the anaerobic treatments (APESA 2007). 
 

As the activated sludge, the lagoons have to be combined with a sand filter in order to reach 

the expected performance. The costs are estimated:  
 

Table 44: Summary of the design and cost for the aerated lagoons 

  Aerated lagoons Reference 

Surface of the lagoon 1045 m² 1 

Dimension lagoon 

(L*w*h) 
55 m * 19 m * 1 m 2 

Investment 76 500 € 3 

Operating cost 
3 400 €/year 

(2013) 

4579 €/year 

(2033) 

83 200 

€/20years 
3 

Global cost   159 700 €   
1: 6 m²/ hydraulic population equivalent 

2: L = 3*l 

3: O.Alexandre, 1998 

 

Table 45: Summary of the design and cost for the aerated lagoons with sand filter 

  Aerated lagoons + Sand filter 

Surface 1395 m² 

Investment 129 200 € 

Operating cost 5 800 €/year (2013) 7 811 €/year (2033) 141 929 €/20years 
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Global cost   271 129 € 

Tons of product 1 787 ADt/year 35745 ADt/20years 

 

It can be noticed that for the defined period of 20 years, the global cost is 271 129 €, hence a 

cost for the aerated lagoons with sand filter of 7.59 €/ADt. 

  

The generation of the biogas implies to develop the installation for the collection or the use of 

gas. Generally, the composition of the generated gas is the following (table 46): 
 

Table 46: Composition of the biogas generated by the anaerobic processes (E.Gonze 

2013) 

Gas produced Composition % 

CH4 55 - 75 

CO2 25 - 40 

H2 1.0 - 5.0 

N2 2.0 - 7.0 

 

In an anaerobic process, almost 90% of the BOD is transformed into biogas and only 10% 

into sludge whereas 50% of the BOD is transformed into sludge for the aerobic treatments.  

The generation of sludge is the following (E.Gonze 2013): 

- Anaerobic: 0.1 to 0.15 kg of sludge / kg of eliminated COD 

- Aerobic: 0.2 to 0.4 of sludge / kg of eliminated COD 

Various technologies of anaerobic reactors exist, but among the most common are the aerated 

lagoons, and the UASB (upflow anaerobic sludge blanket) reactors. In this work, the gas 

emission will not be study. 

 

For the decision-making, some points can be compared in order to help the company to 

choose between an anaerobic and aerobic process. 
 

Table 47: Comparison between aerobic and anaerobic processes (E.Gonze 2013) 

Aerobic process Anaerobic process 

Can reach high efficiencies Efficiencies slightly lower 

Resistant to inhibitors Very sensitive to inhibitors (especially heavy metals) 

Needs of nutrients (N, P) Limited needs of nutrients but doesn’t treat N 

Needs of oxygen and stirring Generation of biogas 

Risk of development of filamentous bacteria (bulking 

and low settlement) 
No risk of bulking, but poor settlement 

Huge generation of excess sludge Little generation of sludge and good quality 

Single tanks, easy facilities and monitoring 
Various and difficult facilities. Needs of monitoring 

(more staff) 

Investment 2/3; Operating 1/3 Investment: important; Operating: limited 
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9. WASTE MANAGEMENT 

9.1 DISCHARGE LIMITS IN FRANCE  

 

Several factors are necessary according to the law to install a WWTP. One of the most 

important is to respect the discharge limits from the pulp mill but to design properly the 

wastewater treatment plant the assumption are necessary in that case and they will be quoted 

later. For a rough size, it will be suitable to show the discharge values from the CTMP mill. 

The IPPC (Integrated Pollution Prevention and Control) Directive of 24 September 1996 

requires that the management of the most important industrial facilities in Europe is subject to 

authorization. It must contain a number of pollutants emission limit values based on the best 

available techniques (BAT). The European Commission has undertaken to write documents 

(BREF) establishing the list for each sector covered by the Directive, which can be considered 

in Europe as the best available techniques (BAT) for pollution reduction. In France the major 

industrial facilities are subject to authorization according to the regulations on classified 

installations for environmental protection (ICPE). Ministerial orders and prefectural 

authorizations often contain a number of emission limit values. Pulp mills and paper 

submitted under these prefectural decrees. 

 

Table 48: Discharges limits for CTMP effluents in France according to the IPPC 

regulations (Industrie Papetière, 2001) 

  
Flow  

m
3
/Adt 

COD kg/Adt BOD5 kg/Adt tot-P g/Adt tot-N g/Adt TSS g/Adt 

discharge limits 

for CTMP mill 15 – 20 10 - 20. 0.5 - 1.0 0.005 - 0.01 0.1 - 0.2 0.5-1.0 

 

9.2 RISK INDUCED BY CHEMICALS PRODUCTS IN THE ENVIRONMENT   

 

Typical problems in the processes of pulp production are related to the addition of chemicals 

products including. 

 

The silicate can form deposits in the water pipes and increase the cationic demand of the pulp. 

For this reason, the silicate filler is limited to 3%. And maintenance has probably to be 

considered to avoid problem of clogging. 

The chelating agents are toxic at low concentration especially for the algae and bacteria and 

can also be carcinogenic. As a very stable compound, it re-mobilizes heavy metals in the 

environment. Chelating agents are source of nitrogen which decompose photochemically and 

increase the nutrient load that participates to the eutrophication of aquatic environment. 
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10.  POSSIBILITIES OF REUSING 

 

Many ways to reuse sludge from a pulp mill are possible. Some studies and patents show that 

it can be possible to produce enzymes cellulase as follows:  

- taking a quantity of sludge from a pulp mill process; 

- partially de-ashing the sludge by physical means; 

- further treating the sludge with an acid, and then washing off the acid with water; 

- further treating the sludge with an alkali; 

- using the resulting sludge as a substrate to produce a cellulase enzyme. 

(Yoon Y. Lee et al., 2010) 

 

The most common treatments of sludge for the pulp mill are the incineration and landfilling 

but the studied project enables to find other eco-friendly way to reuse sludge. Sludge 

processing into bioethanol, a very environmentally friendly alternative, is currently the subject 

of several studies in which the challenge is to increase performance while reducing costs. 

 

Due to their non-toxic nature, the sludge can be used for agricultural spreading to enable the 

profit of the natural biological capacity of soil to digest the sludge. The fertilizing properties 

of sludge for agricultural spreading and their high levels of mineral content (talc, kaolin, 

calcium carbonate) and organic materials of the primary sludge enable to have reusing sludge. 

If they are mixed with the biological sludge, they provide an important organic content due to 

the presence of nutrients (ratio carbon / nitrogen ranging from 5 to 50). Sludge can also be 

used in the production of panels of medium density fibreboard. Sludge is rich in fiber and raw 

materials at low cost and they adhere well to the wood fibres that can reduce the need for 

adhesives (A. Zerhouni, 2010). 
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11. SLUDGE TREATMENT 

 

In this appendix, the characterisation of sludge will be given for each step of the treatment 

line. 

The sludge from the preliminary treatment (screening) has the composition as follows: 

 

Table 49: characterisation of sludge from screening 

Mass of generated 

waste 
Moisture content Mass of dry solid 

Mass of water in the 

waste 

201 kg/d 65% 72 kg/d 129 kg/d 

 

And for the grit removal: 
 

Table 50: characterisation of sludge from the grit removal 

Mass of generated 

waste 
Moisture content Mass of dry solid 

Mass of water in the 

waste 

235 kg/d 20% 188 kg/d 47 kg/d 
 

The sludge from the decantation stage has the following characterisations: 

 

Table 51: characterisation of sludge from the physical-chemical decantation 

Mass of generated 

sludge 
Moisture content Mass of dry solid 

Mass of water in the 

sludge 

11027 kg/d 88%  1323 kg/d 9 704 kg/d 

 

The sludge from membrane technology and activated sludge has the following 

characterisations: 

 

Table 52: Characterisation of sludge from the membrane bioreactor and activated 

sludge 

Mass of generated 

sludge 
Moisture content Mass of dry solid 

Mass of water in the 

sludge 

1 436 kg/d 95% 72 kg/d 1 364 kg/d 
 

The sludge from the aerated lagoons has the following characterisations: 
 

Table 53: characterisation of sludge from the lagoons 

Mass of generated 

sludge 
Moisture content Mass of dry solid 

Mass of water in the 

sludge 

157 kg/d 90%  15.7 kg/d 141.3 kg/d 

  

According to the output material and the characterisation of waste, the suitable treatment for 

the sludge is the centrifugation. The problem with the pulp production line in this project is 

that the scale is small and so the released materials have not huge flow and amount. The 

centrifuge seems to be the best choice. The moisture content is high: around 90%. So to avoid 

too much water removal from the treated volume of water, it has to be recovered and re-

injected in the further treatment process. The centrifuge is used to obtain only 50 % of 
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moisture content in the mixed sludge. The estimation of the costs are given in the following 

table: 
 

Table 54: Summary of the design and cost for the centrifuge 

  Centrifuge Reference 

Capacity < 2 m
3
/h 1 

Dimension 

(L*w*h) 
0,8 m * 0,7 m * 1,6 m 1 

Investment 16 500 € 1 

Operating cost 47 60 €/year (2013) 6 510 €/year (2033) 123 590 €/20years 2 

Global cost   140 090 €   

Tons of product 1 787 ADt/year 35745 ADt/20years   
1: DLK Technologies, 22/02/2014 

2: Maintenance and repairs (inflation 1.5%), electricity consumption 2.2kW (inflation 1.6%) 

 

It can be noticed that for the defined period of 20 years, the global cost for the centrifuge is 

140 090 €, hence 3.92 €/ADt. 
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12.  FATE OF THE MIXED SLUDGE 

 

Once the mixed sludge treated, the company needs to get rid of it. The organic sludge has a 

high organic content so the following possibilities can be considered: 

- Landfilling 

- Composting 

- Agriculture application (fertilizer) 

- Waste incineration 

 

Landfilling 

No additional treatment is needed. It costs 67€/t (Actu-environnement, ademe). The different 

solutions would thus cost: 

 

Table 55: estimation of the cost for the three solutions (different secondary treatments) 

  Solution 1 Solution 2 Solution 3 

Wastewater treatment 56.99 €/ADt 41.33 €/ADt 34.41 €/ ADt 

Sludge treatment 38.19 €/ADt 38.19 €/ADt 36.59 €/ ADt 

Total 95.18 €/ADt 79.52 €/ADt 71.00 €/ ADt 

 

Composting 

No additional treatment is needed. It costs 50€/t (Actu-environnement, ademe). The different 

solutions would thus cost: 

 

Table 56: estimation of the cost for the three solutions (different secondary treatments) 

  Solution 1 Solution 2 Solution 3 

Wastewater treatment 56.99 €/ADt 41.33 €/ADt 34.41 €/ ADt 

Sludge treatment 28.50 €/ADt 28.50 €/ADt 27.33 €/ADt 

Total 85.49 €/ADt 69.83 €/ADt 61.74 €/ADt 

 

Agriculture application 

Before being used for agriculture applications, the sludge needs to be stabilized. It can be 

thermally stabilized thanks to the steam generated for the BIVIS process. To use it for an 

agriculture application, the costs are 15 €/t. The different solutions would thus cost: 
 

Table 57: estimation of the cost for the three solutions (different secondary treatments) 

  Solution 1 Solution 2 Solution 3 

Wastewater treatment 56.99 €/ADt 41.33 €/ADt 34.41 €/ ADt 

Sludge treatment 8.58 €/ADt 8.58 €/ADt 8.20 €/ADt 

Total 65.57 €/ADt 49.91 €/ADt 42.61 €/ADt 
 

Incineration 

No additional treatment is needed. It costs 50€/t (Actu-environnement, ademe). The different 

solutions would thus cost. 
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Table 58: estimation of the cost for the three solutions (different secondary treatments) 

  Solution 1 Solution 2 Solution 3 

Wastewater treatment 56.99 €/ADt 41.33 €/ADt 34.41 €/ ADt 

Sludge treatment 33.08 €/ADt 33.08 €/ADt 31.69 €/ADt 

Total 90.07 €/ADt 74.41 €/ADt 66.10 €/ADt 

 

 


