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Abstract 
Mondi Dynäs is a pulp and paper producer in the north of Sweden close to the town Kramfors. Last year 

Mondi Dynäs produced 231,404 tons of Kraft paper. In order to increase their production to 300,000 tons 

of paper per year this study was done in order to investigate how the increased biomass flow would affect 

the generation of steam along with the steam and condensate balance. This study started with a mapping 

of the current steam and condensate balance for one winter period January – Mars and one summer period 

July – September 2015. The resulting balance is used as reference period for the development of the future 

steam and condensate scenario where Mondi Dynäs will achieve the targeted production of 300,000 tons 

of paper per year.  

The future model shows that the future production of paper will give an abundance of biomass since the 

generation of steam will be more than sufficient. For the winter period the venting of steam over roof 

could be derived to 11.9 tons per hour and 34.4 tons per hour during the summer period. This can be 

compared to the current situation where the winter period gave an average steam blow out of 8.7 tons per 

hour and for the summer period 13.1 tons per hour. To utilize the accumulated energy from these energy 

streams, three different scenarios was studied.  

The first scenario were a future installation of a backpressure turbine along with a condensing turbine 

section. The new turbine would be attached to the highest pressure level at 65.5 bar and have a 

backpressure exhaust at 20 bar which will give a power of 7.6 MWe. 

The second scenario included the implementation of a new condensing turbine with the current system 

design for the steam network and boilers. This turbine would be attached to the 3.5 bar network and give 

the electricity power of 1.9 MWe.  

The third scenario included the installation of a new bark dryer. This would give Mondi Dynäs the 

possibility to sell bark to an external actor on the energy market. From derived figures in the future 

scenario model it would be possible to sell 108,144 MWh of bark while running the bark boiler. 

Mondi Dynäs AB is recommended to add a new condensing turbine to their steam network. The new 

turbine would be able to produce 1.9 MWe and need a cooling water flow of 190 tons of water per hour. 

Derived figures for the investment shows a NPV of 0.6 MEUR and the IRR value of 31 %.   
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1. Prelude 
This chapter will introduce the corporation Mondi group and the affiliated company Mondi Dynäs AB. It 

will also include the background and the problem definition of this thesis.  

1.1 Introduction 

Mondi Dynäs AB is a Kraft paper producer in the north of Sweden close to Kramfors. They specializes in 

the paper quality of unbleached kraft paper, where the production extends all the way from log to finished 

kraft paper. The production plant was established in the year 1884 and acquired by the Mondi Group in 

2000. Mondi Group is an international paper and packaging producer employing 25,000 people in 30 

countries across the globe (Group, 2015). 

Mondi Group is always pushing their production facilities to perform at maximum level and reaching 

maximum efficiency. In Mondi Dynäs case the future goal is to reach a early production capacity of 

300,000 tons of paper. In doing this, three major changes were made to the steam system in the spring of 

2015 and 2014. One new super-heater were installed in the RB, a new steam pipe line was installed 

between the low pressure steam network and Paper Machine 6 (PM6) and finally the turbine were 

upgraded. These projects have contributed to Mondi Dynäs self-sufficiency of electricity and utilization of 

energy. As of this writing, Mondi Dynäs have four boilers installed at a total maximum power of 

approximately 250 MW, which make it possible to produce a yearly amount of 187 GWh electricity. This 

thesis will take a closer look at the bark boiler and the opportunities for increasing the electricity 

production when increasing the paper production. Mondi Dynäs is currently using their bark boiler for the 

destruction of bark and need to support this with heavy fuel burning. It will be possible to look for another 

more profitable, energy efficient and environmentally friendly solutions with expanded bark supply. 

The Swedish government early started to control Swedish industries by introducing benchmark values for 

emissions. These requirements have been tightened over the years and forced the Swedish industry for 

investments to promote the environment. From the recently concluded conference in Paris, new global 

targets have been set for further reducing emissions. The new targets will work to ensure that the global 

warming should be kept well below two degrees, but also to pursue efforts to limit the temperature 

increase to 1.5 °C. Contributing countries should work for a change as soon as possible (UN, 2015). This 

enforced the already agreed upon targets for all member countries of EU. There are currently three 

different goals for the EU member countries with different deadlines. First the 2020 target with 20 % cut 

in greenhouse gas emissions (from 1990 levels), 20 % of EU energy from renewable sources and 20 % 

improvement in energy efficiency. Second is the 2030 target with at least 40 % cuts in greenhouse gas 

emissions (from 1990 levels). At least 27 % share of renewable energy and at least 27 % improvement 

in energy efficiency. And third the 2050 goal for the EU member states to cut emissions to 80 % below 

1990 levels, including two milestones to achieve, which are 40 % emissions cut by 2030 and 60 % by 

2040 (Comission, 2015). These goals will affect the paper industry and force the development for a more 

effective production of paper with less emissions and Mondi Dynäs will have to continue their strive for 

perfection. 
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1.2 Problem definition 

Because of Mondi Dynäs over 100 years of history, the production plant has grown over the years, and 

hence the steam network has expanded along with the production plant. This process has made the steam 

network very complex and difficult to manage. That is why this study will analyze and develop a steam 

and condensate balance over the current steam network with the present system design. The previous work 

that Gadar Hussein (2014) did with ”Energy efficiency improvements of Mondi Dynäs paper mill – A 

survey of steam and condensate with improvement measures for increased condensate recovery”  will be 

used as support for this work. Gadar Hussein (2014) suggested a number of measures to limit the losses 

from the steam and condensate network, but the implementation of these suggestions has been low. With 

the current steam balance in place a future scenario will be developed and analyzed when a yearly 

production rate of 300,000 tons of paper is implemented. This study will also develop a future scenario 

that makes Mondi Dynäs production plant utilize as much as possible of the extra supplied energy when 

going from a yearly rate of 240,723 tons of produced paper in the year 2014 to 300,000 tons of paper in 

the future.   

1.3 Purpose and issues 

This thesis will develop a steam and condensate balance for the present system design. Following 

questions will be answered in order to achieve the purpose of this thesis:  

 With the current steam-system design, how does the steam and condensate balance look like?  

 What is the return rate of condensate with the current system design? 

 What is the impact on the steam and condensate balance when increasing the production of paper 

to 300,000 tons of paper per year? 

 Is the addition of residual fuels from the increased production enough to make investments in a 

new backpressure turbine, condensing turbine or a bark dryer? 

1.4 Limitations 

To be able to meet the timetable some limitations had to be made. That means that this thesis will not look 

into the extended use of chemicals and other by-products that is used in the production process of paper. 

Nor will the thesis look into the mechanical barriers that occur in other systems when increasing the 

production. It is assumed that these systems will handle the increased production flow.  

Values that are used in the energy balance will only be taken from times when continuous production is 

considered as normal and all production departments are functional. Some values and variables will be 

gathered from existing knowledge in the Mondi Dynäs project team.  

Rebuilt processes that occur within the measuring period will not be taken into account. Their impact on 

process flow will not be adjusted or corrected in the final report. 

The exchange rate for Swedish Krona [SEK] to European [EUR] will be 9.3276 SEK/EUR throughout the 

thesis. 
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2. Background and literature review 
This section will cover an overview of the paper mill process at Mondi Dynäs when turning logs into kraft 

paper. A short introduction will also be presented regarding the transmission of the energy in Mondi 

Dynäs steam network and how the pressure balance can be maintained. 

2.1 Pulp and paper mill process 

The process for producing paper is complicated and it has been refined and optimized during a long period 

of time, but this section will cover a brief and general description of the process. Turning wood logs into 

paper starts in the wood yard where trucks unload logs and chips. Logs are first debarked in the debarking 

drum. These steps are possible to see in Figure 1 as arrow 1 and 2 and will later in the text be referred to 

as (1) and (2). The retrieved bark from the debarking drum can be collected and used as fuel in the bark 

boiler. This bark pile can be seen as a brown pile below (1) and (2). Logs are sent to the chipping station 

and turned into wood chips. All of the chips are then sent for screening, which is the gray box before (3). 

This is done because of the possibility that branches and roots can follow the logs from the chipping 

station. Some of the unwanted biomass will follow the bark for combustion in the bark boiler. Mondi 

Dynäs have five batch digesters where each digester have a volume of 265 m3. By using middle pressure 

steam, it is possible to pack the right amount of chips into the digester tank (3). The digester tank is then 

closed and pressurized after it has been fed with cooking liquor. By circulating cooking liquor and steam 

trough an external heat exchanger the digester is heated up to the proper boiling temperature. After some 

time the bottom valve is opened and the contained fluid is allowed to depressurize itself into the blow tank 

1 (BL1) and (BL2) (4). Wood chips have now changed from its previous stage to be fully diluted in the 

cooking liquor. Cooking fluid is then pumped from the blow tanks to the washing station (5) where it is 

possible to separate wood fibers from other residues such as black liquor. After washing the wood fibers 

are transferred (6) and stored in the high density tanks before they are sent to the paper machine 

preparation station (7) and later turned into kraft paper. (Ejderby, 1976). 

 

Figure 1, step by step description of the pulp and paper process when turning logs into Kraft paper. Source: Own-

produced. 
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2.2 The steam and condensate system 

As described in previous section, a pulp and paper mill is constructed by many individual machines which 

combined will create the production system. One of those vital components is the Recovery Boiler (RB). 

The name originally comes from the recovery of the cooking liquor chemicals when exposing the black 

liquor for combustion, but the functionality of the boiler is not different from any other boiler, and it 

originates from the Rankine cycle.  

2.2.1 System overview 

Mondi Dynäs steam system is fed with steam from three separate boilers, but the majority of the steam is 

produced in the RB and BB. The main parts of the steam system are presented Figure 2 along with the 

both boilers, current backpressure turbine and the steam accumulator tank. Each pressure level presented 

in the steam system is presented with its own color. With this setup it is possible to let the pressure levels 

balance itself by letting steam be reduced down to the demanding level. The turbine cannot balance the 

MP-network totally by itself, and both the bypass valve PC111 and the accumulator tank can support the 

inflow to the 9.5 bar network. HP steam at 37.5 bar and 290 °C from the BB is pressurizing and heating 

the steam accumulator to the designated point. The reduction valve PC130 is seldom used and the design 

settings will automatically open PC111 first when the MP-network needs support.   

 

Figure 2, current steam system setup with the recovery boiler on the left, and the bark boiler on the right. Source: Own-

produced. 

2.2.2 Steam accumulator 

Mondi Dynäs is currently using one steam accumulator tank with a volume of 260 m3. Steam accumulator 

tanks are a bit different from ordinary accumulator tanks since there is a tradeoff between steam and feed 

water to and from the tank. Mondi Dynäs charge the accumulator tank with HP steam until the pressure 

reaches its maximum of 18 bar. The water temperature will rise when the tank is charged, since steam is 

fed in the bottom of the tank. At good conditions approximately 90 % of the horizontal cylindrical 

pressure vessel is filled with saturated liquid, the rest of the volume will be saturated steam. When the 

accumulator tank are being discharged the pressure will drop, and the mass reduction is usually around 10-

20 %. When the pressure reduces at discharge more saturated steam is generated through flash 

evaporation. The usual way for measuring the energy content in the tank is by measuring the temperature, 

not the level of the liquid water (Cabeza, 2015). 
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2.2.3 Steam turbines 

For the ideal processing plant the thought is to operate the production to run smoothly at a high rate 

between the planned plant shuts. This applies to both paper mills and power plants, with the basic 

difference that the paper mill is accelerating production if the demand is high for the external market. 

However, it is possible to view the engineering devices such as turbines as steady-flow devices. The 

difference for a paper mill turbine compare to other power plant turbines is the short time steam 

consumption variations due to the production fluctuations. But the basic design of the turbine is the same, 

work is done against the turbine blades when the fluid passes through the turbine. Since the blades are 

attached to the shaft, work is then transformed into rotation. (Yunus & Michael, 2011).    

2.3 Previous research and studies 

This section will cover some of the research articles and studies that can be found in the area of bark 

combustion and paper mill energy efficiency. It also covers studies performed by the Swedish industry 

research organization Värmeforsk within the related topics. The aim of this section is to contribute with 

previous knowledge and experiences in order to answer the thesis main questions. 

2.3.1 Studies from Värmeforsk      

Approximately 65 % of the paper mills in Sweden are using integrated pulp production, either with 

mechanical or chemical production. Paper mills that are using the integrated process have a really good 

opportunity to use the available bio energy in an efficient way (Olsson, et al., 2003).  

Mondi Dynäs is currently using an old Bark Boiler with a fixed grate boiler technology. This boiler’s life 

time is running out and need to be replaced in the upcoming future. There is currently a group of different 

technologies such as Moving Grate Boiler (MGB), Bubbling Fluidized Bed (BFB) and Circulating 

Fluidized Bed (CFB) that Mondi Dynäs can choose between when investing in a new boiler. When 

specific combustion technology for boilers is discussed in this master thesis, the course literature 

Kurspärm Kraftvärmesystem (Wester Lars, 2011) has been used as literature, if no other referent is 

named. Depending on which of the new technologies that will replace the old boiler Mondi Dynäs will be 

able to use different fuel mixtures for combustion. Other aspects will also be considered, such as increased 

fuel capacity, increasing oil price, and a potential to produce more electricity. There are however a number 

of paper mills in Sweden that previously has been in the same situation. Värmeforsk made a study were 

eight different paper mills from Sweden participated, and all of them did an upgrade of their solid fuel 

boiler to the BFB-technology. The BFB-technology have a couple of advantages such as good 

opportunities to combust wet fuels and ability to handle quick load changes. The paper mills in the study 

preferred a rebuilt of their already installed boiler, instead of installing a completely new one. This 

decision will demand a number of structural compromises which might lower the boiler efficiency and 

availability, but the cost is however less. The paper mills that contributed to the study do not mention any 

major problem areas by converting their old boiler to a BFB. (Henrik, et al., 2011). 

Mondi Dynäs boiler is currently running with significantly lower steam data than the boilers in the study 

that Henrik et.al (2011) did. Since the pressure data do not change when converting the old boiler into the 

BFB type, it would probably be wise to not convert the old Mondi Dynäs boiler, but instead upgrading to 

one with similar data from the study or the RB. 

Mondi Dynäs is currently using, bark, sawdust, fines and mechanically dewatered fiber sludge from their 

sedimentation as fuel in their bark boiler. The question is how the treatment and disposal of residues and 
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sludge will take place in the future when selecting the future combustion technology. In 2001 

approximately 30 % of the produced sludge was sent to landfills outside the paper mills in Sweden. This is 

not a sustainable process for the future since EU and the Swedish government is frequently tightening the 

restrictions for sludge deposition. Sludge from the forest industry in Sweden is an inhomogeneous group 

of fuels, and their composition depends on the pulp process used on the specific mill. From a general 

viewpoint it is possible to say that the dry- and ash free substance used in sludge have the same effective 

heating value and elemental composition as ordinary biofuels. Sludge will often have a higher degree of 

ash and nitrogen, sulfur, chlorides and metals. As in the case of Mondi Dynäs, sludge is used as fuel for 

the grate boiler, but can also be used for BFB, CFB and Recovery boilers. Fixed grate boilers are reported 

to have problems with combustion of wet solid fuels since the fuel is aimed to fall down from the grate by 

its own weight and then reach full combustion before entering the ash shaft. There is also a risk that the 

sludge clogs the primary air intake in the grate. These are some of the reasons why a moving grate is a bit 

better when sludge is used as fuel. Although the recommendation is to use a fluidized bed, since the 

combustion is taking place at lower temperatures, conduction heat transfer can take place at the bottom of 

the boiler bed, which is a great advantage for avoiding sintering of melting of ash components in the low 

temperature melting area. For fixed grate boilers a recommendation of 10 weight-% mixture of sludge and 

biofuel is recommended. When solid biofuels reach a moisture level above 65% of moisture it will require 

combustion of other support fuels or limitations in the power load (Rickard, et al., 2001).      

There are many advantages with BFB boilers, and the possibility to use a variety of fuel mixtures is highly 

rated. But for the operating employees the flexibility to adjust for process load variations is also an 

important parameter.     

One approach to making the bark boiler more flexible for process load variations and increasing the 

efficiency, is to dry biofuel in a dryer before combustion. From a survey that Johansson et.al, 2004 did 

they concluded that it is possible to increase the biofuel potential in the Swedish forest industry with 25 % 

of waste heat drying, without additional cutting of wood. This also means that there are large sources of 

waste heat available that could be used for drying biomass in the pulp and paper mills. In their case study 

one of the possible scenarios that they evaluate is using residual hot water from the evaporation plant. It is 

possible to preheat the drying air to the bark dryer with the outgoing condensate with a temperature of 60 

°C. In winter time the drying air will need to be heated with steam. In their reference case they extract 

steam between the effects in the evaporation plant, which make the process more energy efficient. 

However, this approach is not possible for all evaporation plants. In their conclusion they calculate the 

economic payback time for this setup to be 3.3 years. (Johansson, et al., 2004).   

The case study that Johansson et.al did is a good example of the future potential of utilization of biomass 

energy available in wood. However, it is not applicable to all paper mills since the evaporation plant 

design is very different between the various paper mills. However, it may be possible to find other residual 

flows that are possible to apply in the drying of biomass. 

 

Olsson et.al (2003) looked at a similar problem in their case study Utilization of Waste Heat. They 

examined three paper mills in Sweden and charted the paper mill residual streams and what the possible 

effects would be to take advantage of the residual energy. Their results indicate that the greatest potential 

for retrieving residual energy can be found by installing flue gas condensation, using the damp air from 

the paper machines or heat recovery from the outgoing sewage water. Heat recovery of waste heat could 
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be used for district heating, internal heating (office heating) or by exchanging heat with the raw water 

intake or air intake that could be used for e.g. bark drying. 

2.3.2 Research articles  

The variable steam demand in a pulp and paper mill is a quite common problem since batch cocking is 

still a normal production method for chemical paper pulp. Elin Svensson and Thore Berntsson from 

Chalmers University, (2013) looked into the problem with steam reduction investments in a variable steam 

consumption system for a chemical pulp mill. They mention minimum boiler load limits as a great 

constraint on operation flexibility since the steam reduction retrofits will lessen the steam consumption. 

This problem will not be covered when the conventional method of using annual averages is used. 

Developed solution the conventional method will often create sub-optimal solutions when the operational 

limits and heat demand variations are neglected. Therefore, they develop a multi-period trend for 

evaluating operation flexibility associated with different design choices. They use a Mixed-Integer Linear 

Programming (MILP) model to identify how the steam production at the pulp mill should be optimized 

and retrofitted to meet future steam consumption. During normal production the recovery boiler is running 

at a constant load rate, and variations in load rate will decrease the digester load rate. That is why most 

pulp mills are using the bark boiler to cover variations in steam consumptions. It is however possible to 

extract lignin from the black liquor and sell. This will lower the constant load of the recovery boiler and 

avoiding reaching the minimum load on the bark boiler. Their results show that errors above 50 % in 

equipment load changes and economic results might be developed when using the conventional method 

compared with the multi-period method, and recommend that the steam system should be explicitly 

modelled in order to avoid such errors when working with heat-load variations. 

It is clear that building a steam system MILP model is a better solution than the conventional for making 

process adjustments and analysis of investment decisions. But the input data for flow, temperatures and 

pressure for making that model has to be gathered, and sometimes it might not be available.  

There are several ways a paper mill can earn more money on the bottom line, and one measure for 

increasing that figure is by managing the powerhouse energy more efficiently. H.K Sarimveis et. al. 

discusses this opportunity in their paper “Optimal energy management in pulp and paper mills, 2002”. 

Depending on the paper mill setup for energy conversion there is several solutions for optimum energy 

production. For a normal sized pulp and paper mill today, the energy price variables have grown to 

significant number. It allows energy decisions to become very complex for the management of paper 

mills. It makes it clear that the optimum solution cannot be accomplished efficiently by using trial and 

error techniques or intuition and experience. One way of limiting the error is by using MILP-techniques, 

which are using the simplex and branch and bound algorithms. By creating a scenario with a chemical 

pulp and paper mill that is using one recovery boiler and four power boilers for steam production and five 

different steam pressure levels with separate attached turbines. They conclude that the results with varying 

production scenarios is far from human logic, and making the optimal decision is very hard. But it is 

possible to develop tools that can help the energy management in their daily work. In such models they 

can find answer such as: Should the mill buy or generate power, which fuels should be consumed, etc.  

The importance of making right decisions on energy process questions is getting more relevant every day. 

The model that H.K Sarimveis et.al created will definitely benefit to this process, however, it is not 

directly applicable to Mondi Dynäs since the size of the operations is very different from the case model 
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pulp and paper mill. Mondi Dynäs is much smaller and they are currently only running one turbine, which 

makes the decision process easier.    

There has been further advancements in paper mill energy modeling and one of these steps is the article 

done by Andre Toffolo and Sennai Mesfun. In their report “Optimization of process integration in a Kraft 

pulp and paper mill – Evaporation train and CHP system”, they develop a model, which are using the 

HEATSEP method of separating the basic components that handle the thermodynamic transformation in 

the cycle such as compressors, pumps, turbines, condensers, combustors from heat transfer components 

such as heat exchangers. Those basic and thermal components are called “Black boxes” with specific 

boundary values. By cutting the thermal links between those “black boxes” it is possible to create a new 

system (Lazzaretto & Toffolo, 2006). Mesfun and Toffolo were able to use actual paper mill process data 

from a paper mill in the northern part of Sweden for construction of boundary values. They redefined the 

steam balance between the mill sub-processes and the condensing MP or LP and process streams by 

making new connections to the CHP system. One important parameter for the improvements in the steam 

cycle of the CHP system was the introduction of a condensing turbine being able to expand the steam 

down to vacuum pressure. These changes made a substantial increase in the power production. (Mesfun & 

Toffolo, 2013). 

One interesting parameter that Mesfun et.al (2013) mention is the condensing turbine that gave a 

contribution to the power production. However, it is not obvious that the condensing turbine is the right 

choice for all pulp and paper mills, since the model was hand made for this specific case, but it might be a 

guide in the right direction.  

There has also been research in the economic area for energy investments. In 2014 the department of 

Energy and Environment from the University of Chalmers presented a study in the journal of Energy 

Research, where they looked at variables that affect the results of energy investment decisions in pulp 

mills. They conclude that the flexibility to respond to changing conditions in making investment decisions 

according to the present conditions along with a future forecast will be a strong advantage for the pulp 

mill companies. It is also important for pulp mills to use energy and material in an efficient way to be able 

to make successful implementation of energy and bio refinery retrofit projects. They also conclude that it 

is important to include the future development of energy prices when making models for the optimization 

of investments in heat recovery (Svensson, et al., 2014). 
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3. Theory 
This chapter presents the general energy equations that apply to the engineering equipment such as pumps, 

turbines and heat exchangers available at the pulp and paper mill. Financial investment equations that are 

used when making decisions for upgrading or expanding production is also presented in this chapter. 

3.1 Energy equations 

This sub-chapter presents the technical energy relationships and equations that apply to equipment 

installed in a Rankine cycle. 

3.1.1 Energy transfer  

From the first law of thermodynamics also known as the conservation of energy principle, it is possible to 

derive the energy balance equation. It can be expressed as follows, the net change in the total energy of 

the system during a process is equal to the difference between the total energy entering and the total 

energy leaving the system during that process. This relationship is expressed in equation 1 (Yunus & 

Afshin, 2007). 

 ∆𝐸𝑠𝑦𝑠𝑡𝑒𝑚 = 𝐸𝑖𝑛 − 𝐸𝑜𝑢𝑡         [J]  [1]  

 

Heat transfer between two different bodies can be described by three different modes, conduction, 

convection and radiation. They all have one thing in common, the heat transfer can only go from the hot 

body to the cold body. Conduction can be described as the result of the interaction between particles that 

have different energetic levels. It can take place in both solids, liquids and gases. Convection can take 

place between a solid surface and the adjacent liquid or gas that is in motion. It combines the effects of 

conduction and fluid motion. The fluid motion will determine the possible heat transfer between the slid 

body and the fluid in motion. Radiation is the energy transfer which can take place without any 

intervening medium. The hot body will emit electromagnetic waves to the surroundings as the 

electromagnetic configuration in the atoms and molecules will change over time. (Yunus & Afshin, 2007).   

3.1.2 Expansion of steam and isentropic efficiency 

Steam turbines follow the same thermodynamic laws as other equipment which is expressed in Equation 

1. The power output from the turbine can be expressed as Equation 2, where the backpressure outlets will 

decrease the possible power output for the turbine. The accomplished work done by the turbine which will 

be transferred to the electricity network in this case, will decrease with the efficiency factor for the 

gearbox and generator (Yunus & Michael, 2011).  

 �̇�𝑎𝑐𝑐𝑜𝑚𝑝𝑙𝑖𝑠ℎ𝑒𝑑 =  ∑ 𝑚𝑖̇
𝑛
𝑖=1 ∙ (ℎ𝑠𝑡𝑒𝑎𝑚,𝑖𝑛𝑙𝑒𝑡 − ℎ𝑖,𝑜𝑢𝑡𝑙𝑒𝑡)      [W]  [2]  

 

Since the energy relationship in Equation 2 follow the energy laws, it will also mean that the entropy of a 

fixed mass can be changed by (1) heat transfer and (2) irreversibilities. If a process were totally reversible 

and adiabatic, all the energy would go by heat transfer. This will imply that the process will have the same 

entropy value at the start and at the end. However, irreversibilities will accompany all actual processes. To 

measure how well a process performs compared to a reversible process, the isentropic efficiency displayed 

in Equation 3 can be used (Yunus & Michael, 2011). 

 𝜂𝑇 =
𝑊𝑎

𝑊𝑠
=

ℎ1−ℎ2𝑎

ℎ1−ℎ2𝑠
       [%]  [3]  
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Equation 3 is calculated by dividing the actual work by the possible isentropic work done by the turbine. 

On the right lead it is possible to see the variable h1 which is the inlet enthalpy, h2a the actual enthalpy at 

the backpressure outlet and h2s the isentropic enthalpy at the backpressure outlet 

(Yunus & Michael, 2011).  

3.1.3 Condensation of steam 

Sensible and latent energy represent two different energy states for steam. Sensible energy can be 

described as the vibrating and rotational kinetic energy that the atoms possess at high temperature. 

Sensible energy increase when the temperature goes up. Latent energy will occur when the steam enters a 

phase change. When ice turns into water and the steam turns into condensate are two examples of phase 

change. It can be described as the binding forces within the molecular structure that a gas or liquid can 

possess (Yunus & Michael, 2011). When the live steam enters the exhaust outlet of the condensing part of 

the turbine, it will flow down into the condenser. The condenser can be described as a large heat 

exchanger that is able to transfer the latent energy in the steam to the cooling water. This energy transfer 

will turn the incoming steam into condensate. It is possible to see the basic design of the condenser in 

Figure 3, where the cooling water in- outlet is on the left side, and the steam inlet can be seen on the top 

side. When the cooling water circulates from the left to the right side and back again, it will absorb the 

latent energy from the steam and condensate will flow down to the bottom. 

 

Figure 3, condenser setup where the cooling water enters the condenser on the left side and then transfers back and forth 

to the right side. Steam will enter on the top side and exit as condensate on the bottom. Source: Own-produced in Microsoft 

Paint. 

The heat transfer rate and mass flow rate within the condenser can be calculated from Equation 4 below. 

Since the steam can be condensed down to 90 % of dryness within the turbine, the condenser will not be 

subjected to the whole condensing energy, which is corrected with variable 𝑥 in Equation 4. �̇� represents 

the heat transfer rate, which is equal to the mass flow rate �̇�𝑠𝑡𝑒𝑎𝑚 times the steam enthalpy value. This 

can also be expressed from the cooling water side, this case the right side. �̇�𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑤𝑎𝑡𝑒𝑟 is the cooling 

water flow rate, while 𝐶𝑝is the specific heat of water at the average temperature of ∆𝑇. ∆𝑇 is equal to ∙

(𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛) which is the temperature change for the cooling water.  

 �̇� =  �̇�𝑠𝑡𝑒𝑎𝑚 ∙ 𝑥ℎ𝑓𝑔 = �̇�𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑤𝑎𝑡𝑒𝑟 ∙ 𝐶𝑝 ∙ (𝑇𝑜𝑢𝑡 − 𝑇𝑖𝑛)     [W]  [4]  
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3.1.4 Flashing of steam 

Returning condensate at high pressure can maintain a high energy value despite that the fluid is not in 

vaporized state. If condensate at 5 bar and 158 °C is released to atmospheric pressure at 0 bar, the 

condensed water can only maintain a part of the previous energy value. This will force a part of the high 

pressure condensate to evaporate into steam. The amount that is being evaporated can be calculated by 

using Equation 5 (Sarco, 2008). Equation 5 will return a percentage rate expressed by variable 𝑥𝑜𝑢𝑡𝑙𝑒𝑡 

which will tell how much of the high pressure condensate that will evaporate at pressure relief. ℎ𝑖𝑛𝑙𝑒𝑡 Is 

the enthalpy incoming condensate at high temperature while ℎ𝑓@𝑝2
 is the enthalpy state at low pressure. 

ℎ𝑓𝑔@𝑝2 Is the amount of energy that is used for evaporating condensate into steam.  

  𝑥𝑜𝑢𝑡𝑙𝑒𝑡 =
ℎ𝑖𝑛𝑙𝑒𝑡−ℎ𝑓@𝑝2

ℎ𝑓𝑔@𝑝2
    [%]  [5]  

 

3.1.5 Valve functions 

For the steam valve measuring functions the straight line equation could be used. It will create a 

relationship between the x and y value with correction parameters k and m. This function is displayed in 

Equation 6.   

 

 
𝑦 = 𝑘𝑥 + 𝑚  [6]  

3.1.6 Conservation of mass principle 

For a steady state system with a defined control volume the mass flow can be expressed in terms of the 

conservation of mass principle. According to Equation [7 the net change in mass within the control 

volume during the time change ∆t, will be equal to the mass inflow entering the control volume minus the 

outflow of mass from the control volume. The control volume can have any arbitrary shape within the 

system. �̇�𝑖𝑛  is the mas the mass transfer into the system, while �̇�𝑜𝑢𝑡  is the outflow from the control 

volume. ∆�̇�𝐶𝑉 represents the change in mass for the control volume  (Yunus & Michael, 2011). 

 

 

𝑑𝑚𝐶𝑉

𝑑𝑡
= �̇�𝑖𝑛 −  �̇�𝑜𝑢𝑡      [ton/h]  [7]  

   

3.1.7 Extrapolation of future production 

In order to predict the future consumption of steam the following Equation [8 was implemented. This 

equation will increase or decrease the mass flow in the same amount as the production fluctuates.  

�̇�𝑐𝑢𝑟𝑟𝑒𝑛𝑡 represents the average mass flow calculated for the reference period while 𝑝𝑡𝑝𝑐𝑢𝑟𝑟𝑒𝑛𝑡−𝑝𝑒𝑟𝑖𝑜𝑑 is 

the amount of produced paper for the same period, while 𝑝𝑡𝑝𝑓𝑢𝑡𝑢𝑟𝑒−𝑝𝑒𝑟𝑖𝑜𝑑  will be the desired future 

production. This will be equal to �̇�𝑓𝑢𝑡𝑢𝑟𝑒, hence the future mass flow (Lindfors, 2015). 

  �̇�𝑓𝑢𝑡𝑢𝑟𝑒 = �̇�𝑐𝑢𝑟𝑟𝑒𝑛𝑡 ∙
𝑝𝑡𝑝𝑓𝑢𝑡𝑢𝑟𝑒−𝑝𝑒𝑟𝑖𝑜𝑑

𝑝𝑡𝑝𝑐𝑢𝑟𝑟𝑒𝑛𝑡−𝑝𝑒𝑟𝑖𝑜𝑑
       [ton/h]  [8]  
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3.2 Economical equations 

This sub-chapter will cover the economic equations that are used in the decision process for investments. 

It will also present and explain methods that can be used for help during the analysis and the decision 

making process for investment cases.  

3.2.1 Incremental cash flow 

There are several ways for a firm to decide whether a project is profitable or not and if the specific 

investment should be done. For most people the project profit is what the firm will get from the 

investment, but it is not always the case. Firms spend and reinvest cash, so a more fair value for a project 

would be the present value of cash flows, not the accounting income. There are a couple of differences 

between net cash flows and net project income, for example the depreciation is deducted when net income 

is calculated, but is not a cash outlay. Incremental cash flow analysis is useful when a corporation want to 

see how one specific event will affect or create cash flows. Investments in equipment, buildings and 

working capital will create incremental cash flows, also ravenous and operating costs associated with the 

project will affect future cash flows. There are two types of projects, a replacement project when a firm 

will replace an existing asset, and expansion projects when the firm will make an investment 

 (Eugene, n.d.). 

 

3.2.2 Net present value, internal rate of return ad CAPM 

Net present value calculations can be used to move future cash flows from a project into the real value 

today. It means that the more value the project adds, the higher the NPV will be. The word ‘Net’ 

represents the addition of investment costs into the project along with future operating costs. Basically the 

NPV calculation will move a future income as if it would happen today. The NPV calculation is presented 

in Equation 9, where 𝐶𝐹𝑖 represent the future cash flow and 𝑟𝑠 the discount rate. 

 𝑁𝑃𝑉 =  𝐶𝐹0 +
𝐶𝐹1

(1+𝑟𝑠)1 +
𝐶𝐹2

(1+𝑟𝑠)2 + ⋯ +
𝐶𝐹𝑛

(1+𝑟𝑠)𝑛       [EUR]  [9]  

 

There are several different ways to calculate the discount rate 𝑟𝑠 in Equation 9. The most common rates 

are Weighted Average Cost of Capital (WACC) and Capital Asset Pricing Model (CAPM). The CAPM 

value will be used in this thesis as the discount rate, 𝑟𝑠. There are a couple of parameters that will affect 

the CAPM value. First the risk-free rate, 𝑟𝑅𝐹 , which generally is assumed to be the 10-year Treasury bond 

rate. Second the expected market risk premium, 𝑅𝑃𝑀 , which can be seen as the return that investors 

require for an average stock or project above the risk free rate. And third the beta coefficient, which will 

be used as an index of the investment risk. The CAPM is presented in Equation 10. 

 𝑟𝑠 =  𝑟𝑅𝐹 + (𝑅𝑃𝑀)𝑏𝑖       [%]  [10]  

 

Another approach for visualization of project values are the Internal Rate of Return (IRR). The IRR value 

will represent the discount rate that forces the PV of the inflows to equal the cost. You can also describe it 

as the discount rate that will cause the NPV equal to zero. The IRR Value is presented in Equation 11. 

 𝑃𝑉 = ∑
𝐶𝐹𝑡

(1+𝐼𝑅𝑅)𝑡
𝑁
𝑡=0   = 0     [EUR]  [11]  
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4. Method 
In order to the answer the thesis main questions the thesis project was divided into three different parts, 

which will be described in this chapter. The first part included gathering of current process data and 

retrieving parameters for reference production. The second part included development models for the 

current and future production, and the third and last part was to analyze and draw conclusions from 

previous steps and how to implement energy sufficient solutions. 

4.1 Process knowledge 

The thesis work first step was to get a knowledge of the total pulp and paper process along with the steam 

and condensate system. This could be performed by visual inspection with of the process but also with 

help from Mondi Dynäs maintenance system IFS, where it was possible to download process flow sheets 

for the different departments of the mill. The next step could be taken when the total process was known 

and a good overview was achieved.    

4.2 Gathering of input data 

Mondi Dynäs is currently using a process control system from ABB which is constantly logging 

parameters and sensor data, e.g. pressure, temperature and flow. This system is called the ‘distributed 

control system’ (DCS) and the data were collected through the supplementary Microsoft Office Excel add-

in ‘PI’, which collects data from sensors in the mill trough DCS. Some of the sensors in the mill are not 

functioning properly, which created its own investigation, since it is not always clear which parameter that 

is not functional. Some condensate flows could be calculated theoretically, or measured as described in 

sub chapter 4.3.   

By gathering data over a longer period the singular occurrences that can disturb the average value will be 

smoothed out. The operating year was divided into two separate time periods of three months each, to 

limit the possible average error that might occur according to Elin Svensson and Thore Berntsson from 

Chalmers University, 2013. Gathered production data from the PI system has also been cleared from un-

normal production values. For the period January – Mars the total time used in the average calculations is 

1848 hours. This means that 287 hours has been taken out of the calculations, which is 15.5 % out of the 

time period. For the summer period July – September the total time used in the average calculations is 

1186 hours, and 348 hours have been taken out, which is 29.3 %.  

Despite the many permanent flow meters and measuring points installed in the production process at 

Mondi Dynäs it is not possible to cover every pipe and flow. When the PI-system could not give any 

output for the specific flow, the first choice was to develop theoretical mass- and energy balances to solve 

the problem. When input data were missing, the second choice was to use the portable measuring device. 

The third choice was to use plant knowledges along with estimates and industry standards. 

4.3 Measurements 

For specific parts of the current condensate balance it is not possible to obtain any PI-data since no 

permanent flow meter is installed. In those cases, one portable flow meter was used to get an accurate 

measure of the flow. The flow meter is called Flexim, Fluxus F601 and it measures the transit time 

between ultrasonic pulses between two units that is attached on the outside of the pipe. The Flexim flow 

meter is presented in Figure 4.   
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Figure 4, Flexim, Fluxus F601 ultrasonic flow meter in the front and the two cables that is attached to the measuring units 

on the pipe in the background. Source: Own-produced. 

According to the seller Flexim, it is possible to measure flows with temperatures between -40 °C – +125 

°C and velocity’s between 0.01 – 25 m/s. With these conditions the measurement accuracy is ±1.6 %. In 

similar situations when the temperature was unknown, a handheld temperature measurement unit was 

used. The measuring unit is presented in Figure 5. By focusing the infrared thermal radiation from the hot 

body on to a lens in the temperature gun, it is possible to convert the gathered information into degrees 

Celsius.  

 

Figure 5, handheld temperature measuring unit using infrared radiation sensor with laser pointer. Source: Own-produced. 
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4.4 General assumptions  

During the project several assumptions had to be made in order to clarify the energy balance and setting a 

reasonably large range of the thesis and to enable analysis of the material. Some of the more general 

assumptions will be presented in this section while specific assumptions will be presented in when they 

are used in the thesis.  

 No calibration of retrieved PI-data or measured values was done and their values are assumed to 

be true.  

 Pumps, turbines and heat exchangers was assumed to work adiabatically. 

 All visual and theoretical pressure values are displayed in bar g 

4.5 Development of current energy balances 

When the pre study and data gathering of the steam and condensate system that is described in section 

4.1.2 was complete, some of the flows needed to be complemented. By plotting levels of the steam system 

starting at the generation of steam at the RB, it is possible to see inaccuracies that are produced by false 

output figures from the PI system. These false figures can be produced by a number of error links in the 

control system. One classic example is the opening degree of a steam valve. The PI-system might say that 

the valve will have the opening degree of 35°, but in fact the valve is only open by 10° in the “real world”. 

The PI system will then calculate a steam flow from the 35° which will be too high compared to the real 

flow. This will be possible to see in a graph since the consumption might be higher than the generation of 

steam. From Figure 2 it is possible to derive the following example. Since the steam generation in the RB 

should be equal to the steam turbine consumption and the steam bypass for the turbine, the following 

equation can be stated according to the conservation of mass principle described in equation [7.  

 �̇�𝑅𝐵 =  �̇�𝑇𝑢𝑟𝑏𝑖𝑛𝑒 + �̇�𝐻𝐻𝑃−𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛     [ton/h]  [12]  

 

This process can be used for different parts of the steam system. In the next section of the network, there 

are more variables to account for. The following balance will apply.  

 �̇�𝐵𝑦𝑝𝑎𝑠𝑠 +  �̇�𝐵𝐵 =  �̇�𝑆𝑜𝑜𝑡𝑏𝑙𝑜𝑤𝑖𝑛𝑔 + �̇�𝐿𝑒𝑎𝑘𝑎𝑔𝑒 + �̇�𝑃𝐶130 + �̇�𝑃𝐶111 + �̇�𝐴𝑐𝑐     [ton/h] [13]  

 

For the mass balance in Equation 13 it will not be possible to solve for one unknown. To go around this 

problem another approach has been used. By isolating a specific valve, it is possible to plot the valve 

opening degree to the change in the consumption of steam. However, this can only be done while a single 

valve is operating. Using the DCS and PI-system, it is possible to find time series when this is happening. 

Using Microsoft Office Excel it is possible to develop nested IF functions. Combining the valve open 

degree with Equation 6 and the nested excel functions, the complete valve-flow function can be plotted 

against the changing flow. In Figure 6 the complete valve function for PC111 is presented.  
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Figure 6, valve function for PC111 with open degree on the x-axis, and flow tons/h on the y-axis. Green lite represents the 

flow including leakage in the steam system, and purple line represents the theoretical flow line without leakage. The blue 

dots represent the changing flow conditions for the chosen time period when the valve is opened. Purple cross represents 

single values.  Source: Own-produced from Microsoft Excel. 

It was not possible to cover the valve opening degree up to 100 % with the gathered flow series presented 

as blue crosses in Figure 6. Instead, singular values from PI had to be used in order to match the valve 

function to the open degree. For some of the valves in the steam system the opening-flow functions had to 

be matched against the consumption flow from the different departments. This process follows the same 

logic, when only one valve is open, the steam flow must go through that specific valve. A short time 

period for the steam balance on the MP-network is presented in Figure 7, where the matching of 

consumption to production and valve flow can be seen.      
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Figure 7, steam balance for the middle pressure network. Turquoise line in the bottom represents steam flow from PC122. 

Green line in the bottom represents the steam flow from PC111. Blue line the total consumption for the MP-network while 

the red line represents the total flow into the MP-network minus the free blowing of steam over the roof. Source: Own-

produced from Microsoft Excel.  

The complete steam balance for the two periods January – Mars and July – September can be seen in 

Appendix A.1 respectively A.2. In order to get a better view and understanding of the BB steam 

generation two separate duration diagrams were developed representing the winter period and the summer 

period. The total amount of useful energy utilized in the BB can be seen in Figure 8 by integrating over 

the area below the line. Total downtime for the BB in the January – Mars period can be seen as the 0 MW 

hours in Figure 8  to the bottom right.  

 

Figure 8, duration diagram for the bark boiler during the period January – Mars 2015.  Source: Own-produced from 

Microsoft Excel with PI-data. 

The duration diagram for the period July – September can be seen in Figure 9. It is possible to see a 

significant difference from the duration diagram representing the winter period but otherwise, the analogy 

is the same. 
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Figure 9, duration diagram for the bark boiler during the period July – September 2015. Source: Own-produced from 

Microsoft Excel with PI-data. 

4.6 Development of future energy balances 

Mondi Dynäs long term goal is to produce 300,000 tons of paper per year from today’s 231,404 tons of 

paper for 2015. Since the Kraft paper fibers will flow through the whole production chain from logs to 

finished paper, the development of the future steam and condensate balance started from the end of the 

paper chain, hence produced tons of papers per year. According to Peter H. Cremer at Mondi Dynäs 2015 

the production flow is calculated for the duration of 8,500 hours per year, where the downtime is used for 

maintenance and rebuilt. By discussions with Peter H. Cremer and with different departments at Mondi 

Dynäs pulp and paper production, Table 1 could be compiled.  

Table 1, fiber flow through the paper and pulp mill starting at the end with produced ton paper. Fiber losses is added 

through the different production departments and machines. Source: Own-produced from Microsoft Excel. 

Fiber production figures     

Operating days 354.2 [D/a] 
Future production of paper 300,000 [ptp/a] 
Moisture in paper at pope 7 [%] 
Other chemical substances in pulp 1 [%] 
Fiber content  782 [BDMT/D] 
Pulp production 869 [ADT/D] 
Pulp production 36.2 [ADT/h] 
Cooking yield  49 [%] 
Knots 5 [%] 
Knots for recooking 39 [BDMT/D] 
Pulp in blowline 821 BDMT/D 
Yield at recooking of knots 60  [%] 
Screening rejects 2  [%] 
Fiber content before screening 798 [BDMT/D] 
Fibers to digesters 1,619 [BDMT/D] 

 

The total input of round wood could be calculated from the total input of wood fibers to the digesters 

presented in Table 1. With gathered storage data for the wood yard and production figures from Table 1 

the wood yard turnover could be derived. Flow figures and for the wood yard is presented in Table 2. 
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Table 2, production flow figures and losses of fibers in preparation process for the wood yard. Source: Own-produced from 

Microsoft Excel. 

Wood yard production figures     

Log fraction 65 [%] 
Purchased chips 35 [%] 
Wood to digesters, logs and purchased chips 1,619 [BDMT/D] 
Storage loss 0.3 [%] 
Wood to storage 1,623 BDMT/D 
Screening loss (Fines) 1.5 [%] 
Screening loss (Fines) 24.7 [BDMT/D] 
Chips to screening 1,648 [BDMT/D] 
Conversion  from BDMT to m3fub round wood 2,632 [m3fub/D] 
Bark on unbarked logs1 12.3 [%] 
Debarking efficiency 95 [%] 
Total wood with bark to debarking drum 3,001 [m3fpb/D] 
Wood loss at barking 1 [%]  
Logs without bark to the mill 1,082 [BDMT/D] 
Debarked logs to the mill 2,659 [m³fub/D] 
Specific wood consumption 4.81 [m3fub/ptp] 

 

It is possible to derive the delivered bark amount to Mondi Dynäs per year with data from Table 2 since 

the round wood is delivered unbarked. In Table 3 the energy figures for bark is presented. The full report 

from the accredited organization SP for heating values in bark can be seen in Appendix 3.A. 

Table 3, bark availability for the future production and the containing energy figures from bark with 59.3% of moisture 

content. Own-produced from Microsoft Excel. 

Energy figures for bark     

Bark 350 [m3f/D] 
Bark from debarking drum 123,990 [m3f/a] 
Bark effective value with 59,3% moisture2 6.19 [MJ/kg] 
Conversion factor from m3f to m3s3 2.3 [m3s/m3f] 
Bark volume in m3s 288,896 [m3s/a] 
m3s wet bark (40,7% dryness) 347.5 [kg/m3s] 
Accumulated energy from bark  172,617 [MWh/a] 

 

From the produced black liquor in Table 1 it is possible to derive the future energy content in black liquor. 

In the black liquor report in Appendix 3.B it is possible to see that the calorific value for bark is 

determined to 12.91 GJ per kg dry substance. This figure is also presented in Table 4 with the future black 

liquor production flow and the accumulated energy content in TWh. With gathered PI-data for the two 

periods the accumulated black liquor production could be divided by the production of ADT. The 

conversion factor 1.47 tDS/ADT could be determined by calculating the average of these two numbers.  

                                                      
1 Benchmark values from the full year of 2014 were used in the calculation for delivered amount of round wood and 

the amount of burned bark in the bark boiler. 
2 SP, Analys av bark,2015-09-11, Appendix 3.A.  
3 (Skogsstyrelsen, 2015) 
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Table 4, black liquor energy content and production flow figures for the available black liquor. Own-produced from 

Microsoft Excel. 

Energy figures for black liquor     

Nominal production in blow line 912 [ADT/D] 
Production virgin black liquor 1.47 [tDS/ADT] 
Ton virgin black liquor production 1,342 [tDS/D] 
Energy value for black liquor4 12.91 [GJ/kgDS] 
Accumulated energy from black liquor 1.7 [TWh] 

 

When the accumulated energy for both the BB and the RB was determined, the potential power output 

from both of the boilers could be calculated. Temperature for both the BB and the RB feedwater could be 

determined from gathered PI-data along with RB pressure. BB pressure could be determined through 

visual inspection of a permanent pressure transmitter mounted on the pipe. Superheated steam enthalpy 

figures could be calculated from Spirax Sarco steam web tables, 2015. All data are presented in Table 5.  

Table 5, steam design parameters for the recovery boiler. Own-produced from Microsoft Excel. 

Steam data for recovery boiler     

Inlet pressure before economizer 90 [Bar] 
Outlet pressure from super heater 65.5 [Bar] 
Inlet temperature before economizer 120 [°C] 
Outlet temperature  from super heater 485 [°C] 
Inlet enthalpy before economizer 510.1 [kJ/kg] 
Outlet enthalpy from super heater 3,378.4 [kJ/kg] 

 

The same procedure could be done for the BB and all steam design data is presented in Table 6 below. 

Table 6, steam design parameters for the bark boiler. Own-produced from Microsoft Excel. 

Steam design data for bark boiler     

Inlet pressure before economizer 60 [Bar] 
Outlet pressure from dome 35 [Bar] 
Inlet temperature before economizer 120 [°C] 
Outlet temperature from dome 246 [°C] 
Inlet enthalpy before economizer 510.1 [kJ/kg] 
Outlet enthalpy from dome 2,808.7 [kJ/kg] 

 

With the yearly bark and black liquor flow from Table 3 and Table 4 along with the design parameters in 

Table 5 and Table 6 the power output from the boilers could be calculated. The RB has a group of 

different projects that will be executed in future to raise the efficiency of the boiler. The future efficiency 

is estimated to 80 % and will be used in all calculations for the possible steam output. The calculated 

values for both of the boilers is presented in Table 7. 

 

                                                      
4 SP, Analysis of black liquor, 2015-10-07, Appendix 3.B. 
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Table 7, derived efficiency value and calculated power output for both the recovery boiler and bark boiler. Source: Own-

produced from Microsoft Excel. 

Power figures for recovery boiler     

Recovery Boiler Power  200 [MW] 
Recovery Boiler Efficiency 80 [%]  

Power figures for bark boiler     

Bark boiler power  20 [MW] 
Bark boiler Efficiency 85 [%] 

 

The 20MW in Table 7 for the BB power is calculated with a constant consumption of the future bark 

amount during the whole year. From the current consumption flow figures for the steam network it was 

possible to calculate the future consumption by using Equation 8. The isentropic efficiency for the current 

steam turbine could be calculated by using Equation 3 with PI-input data for both MP- and LP-network 

exhaust. The calculated isentropic efficiency for the current turbine was used as benchmark value for the 

prediction of future scenarios.   

From the derived values for the current turbine it was also possible to use the Mollier diagram in Figure 10 

to visualize what energy potential one condensing turbine would have. Point 1 in Figure 10 represent the 

input design data from the steam system at HHP and 485°C. Point 2 and 3 represent the backpressure 

exhaust from the current turbine. From point 3 to point 4 it is possible to see the energy content contained 

in the steam with a condensation down to -0.8bar and 90% dryness of the steam.  Point 5 represent the 

isentropic path to the condensation of the steam from point 1. The difference in energy content between 

point 4 and 5 is an effect of the isentropic efficiency.   

The new backpressure and condensing turbine investment cost could be calculated from a number of 

reference projects and obtained values, but using a linear approach for a product as a condensing turbine is 

risky. As Dirk Pauschert presents in his report Study of Equipment Prices in the Power Sector, 122/2009, 

the equipment cost for larger projects seems to level out when power decreases, making the cost for each 

MW increase. Since Dirk Pauschert did not present any costs for the equal equipment that’s been used in 

this thesis the reference case and gathered data (Center, 2004) were chosen as input.  

Production costs of make-up water was given from Hussein, Gadar (2014) to be 2.7 EUR/ton. 
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Figure 10, Mollier steam diagram with the current steam turbine design parameters drawn in red. Point 1 represent the 

steam input for the current turbine and point 2 and 3 the backpressure exhaust at MP and LP. Point 4 represent the 

energy potential for a condensing turbine stage. Source: University of Idaho. 
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4.7 Bark dryer  

One alternative approach would be to install a bark dryer instead of a turbine. This would limit the rebuilt 

process and instead give Mondi Dynäs the opportunity to sell the bark with a higher Net Calorific Value. 

From the retrieved and developed data in Table 2 it is possible to see that the screening losses from fines 

and sawdust is 1.5 %. Biomass called fines will in this case be odd parts from the logs that do not meet the 

criteria for proceeding to the boilers. Sawdust from the chipping station will also be sorted as residues in 

the screening station. As described in the literature review, it is possible to increase the flexibility for 

process load variations and increasing the efficiency of the bark boiler by using dried biofuel (Johansson, 

et al., 2004). Under current situation heavy fuel oil is used for quick load changes. According to Peter H. 

Cremer, 2015 it will be possible to decrease the heavy fuel oil burning with 11.4 % by using dried 

biomass, which will decrease the variable running cost for the bark boiler. 

From the Bark Analysis in Appendix 3.A it was possible to create a linear trend-line in Microsoft Excel 

2013 between the two bark samples. In Figure 11 the linear function is presented for how the bark dry 

content impact the net calorific value. From the SP analysis the line is extrapolated down to 0 % dry 

content and up to 100% dry content.  

 

Figure 11, blue line represents the linear function for the Net Calorific Value. The x-axis represent the moisture content in 

bark while the y-axis is the Net Calorific Value. Source: Own-produced from Microsoft Excel 

Since the bark is derived from the dry content of logs, the wet weight of logs and bark will be important to 

convert weight into m3s, MJ and MWh. With the same approach as in Figure 11 the weight/m3s and dry 

content could be plotted in Figure 12. 

 

Figure 12, blue line represents the linear function for the loose volume weight dependent on the dry content of the bark. 

The x-axis represents the moisture content in bark while the y-axis is the loose volume weight (H. Cremer, 2015) (Neova, 

2015). Source: Own-produced from Microsoft Excel. 
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The screening losses will stand for a total annual amount of 42,473 MWh with a 50 % moisture content. 

Weight value for sawdust is taken from the derived equation in Figure 12. Fines and sawdust figures for 

the annual energy amount is presented in Table 8. 

 Table 8, energy content and flow figures for sawdust and fines. Source: Own-produced from Microsoft Excel. 

Energy figures for sawdust and fines     

Density of fines and sawdust at 100% dryness 134 [kg/m3s] 

NCV at 50% moisture content5 0,65 [MWh/m3s] 

Accumulated m3s of sawdust and fines per day 184 [m3s/D] 

Accumulated sawdust per year in MWh 42,473 [MWh/a] 
 

The BB is a good instrument to handle production fluctuations and with the current production situation it 

is a vital part of the steam production during winter time. For these reasons the minimum BB load for the 

future scenario is set to 5 MW according to the boiler manufacturer in order to keep the steam generation 

flexibility.  

According to Mondi Dynäs project department it will be possible to utilize energy from the flue gas 

scrubber in the RB. The scrubber will produce hot water at 70 °C and dry the bark up to 60 % of dry 

content (Lindfors, 2015). 

 

 

 

 

  

                                                      
5 (Neova, 2015) 
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5. Results 
This chapter will present the outcome of the study that has been done over Mondi Dynäs steam system. 

New actions for utilization of energy will be presented based on the gathered process flows. For the 

suggested implementations an economic profitability analysis is developed.  

5.1 Process flow presentation 

Tabulated data for current and future production are presented in Appendix 9.1-9.4 but presented as 

Sankey diagrams in this sub-chapter. First the current steam and condensate balance situation, and last the 

developed process model for future production.  

 5.1.1 Steam and condensate balance for the period January – Mars 2015 

From the gathered data it was possible to develop the Sankey diagram that is presented in Figure 13. 

During this period the net production of paper for PM5 and PM6 was 23,348 respectively 42,968 tons of 

paper. This will give an hourly average of 30.7 ptp/h, which can be considered as a normal production 

rate. The gross production rate for PM5 was 24,347.3 and for PM6 45,655 tons of paper. 

It is possible to see that PM6 is the biggest steam consumer in the network with 59.8 t/h in total steam 

consumption. This value is however influenced by a bias in the LP measurement, were the flow meter 

gave negative values for 2/3 of the measuring period. The negative values were taken out of the average 

calculation, which will affect the trustworthiness of the average. It can be seen that the calculated average 

flow for the LP consumption is only 72 % of the July – September value. Despite that the net production 

for January – Mars is 20.5 ptp/h and 20.3 ptp/h for July – September, which is almost similar. This low 

consumption of LP-steam might be an effect of the operating period for the LP-pipe that started the 9th of 

February 2015 and the break-in period for the paper machine along with the tune-up of the steam valve 

parameters.  

The valve functions that was developed for the period July – September were implemented in the winter 

period January - Mars. This gave a misleading value for valve PC142 that governs the flow from HP to the 

steam accumulator by 16.4 t/h. Since this value created an overflow on the consumer side for the HHP and 

HP network, it was disregarded. After further investigation it was concluded that the valve characteristics 

must have changed during the period April – June. It was then decided to balance the network from the 

parameters that could be trusted. The steam leakage at the HP network could not be determined for this 

period by the HP balance equations. Instead the July – September value of 4.0 t/h was set. The steam flow 

to the steam accumulator was then calculated to 7.4 t/h. The steam outlet from the accumulator could be 

calculated from the percentage flow in the July – September balance.   

From the PI system a steam generation of 172.3 t/h was reported, but this value was offset the feedwater 

data of 167 t/h. From experience the water flow meter is more trustworthy than the steam flow meter, 

which led to the conclusion to use 167 t/h for the balance.  

The new super heater for the RB was installed during the mill shut down in May 2015. This should result 

in a higher soot blowing consumption for this period compared to July – September, but this is not the 

case. This occurrence can most likely be explained by a different set of blowing program for the two 

periods, or a different set of fuel mixture during the both periods. 
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Figure 13, Sankey diagram for the current steam and condensate flow during the winter period January to Mars. Source: Own-produced in e!Sankey 
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5.1.2 Steam and condensate balance for the period July – September 2015 

During this measuring period 29.3 % of the PI-data was taken out of the average calculation. This is due to 

unusual production fluctuations or problems with malfunctioning equipment. During the early shut down 

in 2015 a lot of new equipment were installed and it caused a longer break-in period than usual. This loss 

of data can therefore decrease the validity of the average values but will be used as reference point. During 

this period PM6 produced a net amount of 43,601 tons of paper while PM5 produced 21,812 tons of paper. 

The gross production for the paper machines was 46,870 tons of paper for PM6 and 23,604 tons of paper 

for PM5. 

The total average condensate recovery from the steam consumers could be determined to 132.2 t/h. Field 

studies of the condensate flow from PM6 could determine that the flow sensor PI values could be trusted, 

and the DCS system, is calculating the condensate return on false data. From the figure in Appendix 4.B it 

is possible to see that the gathered values could not be trusted and by visual analysis the return rate could 

be determined to be 81 %. During the field measurement in PM6 one valve attached to the returning 

condensate was found open and condensate could flow out of the system. The open valve could be closed 

before the flow measuring started. PM5 shows a lower return rate of 74.9 % for the condensate recovery.      

As expected the production for the BB was lower than the reference period in Jan – Mars because of a 

lower steam consumption. The RB had a bit higher production than the Jan-Mars period which can be 

explained by a higher production rate for the paper machines. PM6 had a sufficiently lager consumption of 

LP steam compared to Jan - Mars period. This change in consumption influenced the production of 

electricity for the current backpressure turbine.   

In the investigation of the makeup water flow system, it was found that the controlling valve for the 

accumulator in-out flow along with the steam cooling system did not close properly. Gathered data show 

that the mean flow is 6.2 t/h. It is however unclear how much the necessary flow would be if the valve 

would close properly.  

The sensor 06-FI283 gave an average feedwater flow value to the NCG-boiler of 0.4 t/h from gathered PI-

data. This value was determined as false, and the steam flow sensor 06-FI240 was instead used as 

reference value for the feedwater inflow to the NCG-boiler. 
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Figure 14, Sankey diagram for the current steam and condensate flow during the summer period July to September. Source: Own-produced in e!Sankey. 
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5.1.3 Steam and condensate balance for a future production scenario during winter time January – 

Mars 

From Table 4 in sub chapter 4.6 it is possible to see that the calculated black liquor flow is 1,342 tDS/D, 

which will give a steam flow from the RB of 201 t/h. For the period January – Mars this is not enough to 

stimulate the total steam consumption of 223 t/h. Since the annual bark amount will be sufficient to keep a 

steady operating level at the bark boiler during the whole year, this will give a steam output from the bark 

boiler of 27 t/h. That will give an excess steam production of 13,8 t/h, which is far less than the summer 

period July – September.  

Both of the paper machines will increase their steam consumption up to a total 30.3 t/h of MP-steam and 

65.4 t/h LP-steam. The fixed steam consumption for plant heating and ventilation in PM6 was estimated 

from PI-data to 12.0 t/h. This will affect the variable steam extrapolation since the extrapolation line angel 

will be a bit less steep.   

Blow out of excess steam from the MP-network has been set to 0.2 t/h due to the fluctuations in the steam 

consumption. Office heating was determined from PI-data to 0.6 t/h, which are deducted from PM5 LP 

consumption. The office steam flow will not increase in the future since there are not any plans of 

increasing the office space.  

The condensate return rate was determined to 155.9 t/h, which will increase the make-up water treatment 

flow to 121.9 t/h. Excess water to other processes was determined to increase in the same percentage 

amount as the make-up water flow.  

According to Equation 5, the amount of flash steam from 06-CI002 will increase proportionally with the 

condensate flow into the tank. However, since the leaking valve is already letting excess water flow 

through 06-CI002, the condensate flow will be kept at the current level that was determined in current 

steam and condensate balance in Figure 15. 
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Figure 15, future steam and condensate balance for Mondi Dynäs paper mill, when producing 300,000 tons of paper per year during the period January - Mars. Source: 

Own-produced in e!Sankey. 
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5.1.4 Steam and condensate balance for the future production scenario during summer time July – 

September 

In Figure 16 the future steam and condensate balance are presented for the summer period July – 

September. The consumption of steam is less than the winter period which will give a LP steam blow out 

of 33.1 t/h. This will represent a power of 25.8 MW for just destruction of energy, and it will also 

represent the biggest loss of energy in the system. With a make-up water cost of 2.7 EUR/ton and the July 

– September conditions, it will cost 0.2 MEUR for the production of new make-up water in a three-month 

period.  

The current steam turbine will be running at its maximum load of 193 t/h and give 27.8 MW of electricity. 

The LP steam flow will be higher compared to the winter period since the MP consumers will need less 

steam. This will allow more steam to expand down to the LP-network.  

The total condensate return flow was determined to 136.4 t/h. This will need a make-up water flow of 94.1 

t/h, and a total raw water intake of 115.2 t/h. The increased flow through the water treatment facility is an 

effect of the increased blow out of excess steam on the LP-network. From the calculated average values of 

the blow out of excess steam flow for the winter and summer period and the make-up water cost of 2.7 

EUR/ton will give a total yearly cost of 1.1 MEUR.   

Both the paper machines will use less steam for the summer period, the total LP steam consumption will 

be 64.5 t/h and for MP 30.3 t/h. For PM6 the plant and ventilation heating was determined by PI-data 

analysis to 12.4 t/h. This is 0.4 t/h more than the January – Mars period, which is unexpected since more 

energy would be needed during the winter period.  
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Figure 16, future steam and condensate balance for Mondi Dynäs paper mill, when producing 300,000 tons of paper per year during the period July - September. Source: 

Own-produced in e!Sankey. 
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5.2 Proposals for future measures 

This chapter will present changes to the future steam system setup. These changes have been developed 

from the mapping of the current and future production flows. The aim of these proposals is to take 

advantage of the increased energy streams in the future, while making profitable investments.  

5.2.1 Process description for new backpressure turbine setup 

Since the current bark boiler is getting quite old and need to be replaced in the future, it will be possible to 

change the steam data for the boiler since a new one will be needed. This will represent a “stay-in 

business” expense and will not be included in the investment in a new turbine. It was decided that the best 

pressure level of the new boiler would be to increase it to the same level as the RB, hence 65.2bar. There 

are many advantages with this pressure level since both of the boilers can feed high pressure steam to both 

of the turbines. It will give additional flexibility when there are fluctuations in the system. Unfortunately 

the future bark amount is not enough to reach the capacity of running the current turbine with the recovery 

boiler shut down, since the minimum load of the turbine is 115 tons per hour. The full system 

implementation of the backpressure turbine is presented in Figure 17,Figure 17.  

 

Figure 17, future steam system setup with implemented backpressure turbine with a condensing exhaust. Jan – Mars [t/h] 

/ July - September [t/h]. Source: Own-produced in e!Sankey. 

The new turbine would be able to produce 7.6 MWe and a yearly amount of 65 GWh. Two backpressure 

exhaust is installed on the new turbine, one for 20 bar and the second for 3.5 bar. The 20 bar outlet will 

feed the soot blowing system and also give the possibility to balance the MP-network by reducing steam 

down to 9.5 bar. More detailed figures for consumer side for both the MP and LP-network has been 

presented in Figure 15 and Figure 16. 

5.2.2 Detailed flow figures for new equipment  

The new backpressure turbine would be installed with an integrated condensing turbine. This means that 

the steam would be able to expand down to -0.8 bar and the temperature 60 °C when there are excess 

steam from the LP-network. In Table 9 both the summer and winter flow data for the backpressure turbine 

are presented.     
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Table 9, steam data for a new backpressure turbine. Source: Own-produced in Microsoft Office Excel. 

Backpressure turbine 
figures 

 Flow [tons/h] 
Winter 

Flow [tons/h] 
Summer 

Pressure 
[bar g] 

Temp 
[°C] 

Specific enthalpy 
[MJ/ton] 

Steam inlet  44.7 39.3 65.2 485 3378.8 
Steam outlet 14.2 13.8 20 375 3190.4 
  12.0 0.0 3.5 176 2806.8 

Condenser flow figures           

Steam inlet  18.5 25.5 -0.8 60.1 2381.4 
Cooling water inlet 189 295 2 8/14 33.9/59.1 
Condensate outlet 18.5 25.5 -0.8 60.1 251.5 
Cooling water outlet 189 295 2 58 243.1 

 

Although the steam inlet flow will change between the summer and winter period the turbine will be able 

to produce the same amount of electric power for both periods. In the winter period when production of 

steam is high the turbine will gain more power from the backpressure section down to 3.5 bar, and during 

the summer period it will be able to expand more steam down to -0.8 bar. This will affect the cooling 

water inlet flow, which is 189 t/h during the winter period and 295 t/h in the summer period. What can be 

noticed in Table 9 is that during the summer period only steam for soot blowing will be taken out of the 

expansion train.     

5.2.3 Profitability analysis for investment in new backpressure turbine 

In Figure 17 it is possible to see that the electricity power from the turbine is 7.6 MWe, and with the 

electricity price of 39.4 EUR/MWh the early income will be 2.5 MEUR from electricity sales. In Table 10 

the calculated NPV is 2.3 MEUR which is calculated from a five year depreciation horizon. Operating 

costs such as maintenance were derived from historical figures from the current turbine to 23,619 EUR/a, 

with a zero cost for fuel. The running cost for the cooling water pump could be calculated from the pump 

curve diagram in Appendix 4.D.  

Table 10, investment profitability for backpressure turbine. Source: Own-produced in Microsoft Office Excel. 

Profitability figures for backpressure turbine 

New machine cost 3.4 [MEUR] 

Incremental cash flow 1.5 [MEUR] 

NPV 2.3  [MEUR] 

IRR 33 [%] 

Payback time 2.3 Years 
 

The new machine cost was calculated from the general price level of 0.45 MEUR/MW, which gave a 

payback time of 1.8 years and IRR of 33 %. The investment in a new backpressure turbine is clearly 

profitable with the future production conditions. The incremental cash flow calculations can be seen in 

Appendix 4.C.   
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5.2.4 Sensitivity analysis for investment in new backpressure turbine 

There are many parameters that might fluctuate from the estimated values. Therefore, a Toronto diagram 

is presented in Figure 18 with a ±10 % change in electricity price, investment cost, maintenance cost, and 

how this affect the NPV.   

 

Figure 18, sensitivity analysis for investment in a new backpressure turbine. Variables as electricity price, investment cost 

and maintenance cost are presented with a +10% and -10% change and their impact to the NPV. Source: Own-produced in 

Microsoft Office Excel. 

It is clear that none of the individual changes that are presented in Figure 18 will give a negative NPV. But 

the drop in electricity price will give a substantial drop in NPV. With non-changing conditions for 

investment and maintenance cost, the breakeven price in electricity is 21.0 EUR/MWh, which is -40.8% 

from the lowest electricity price in Figure 18. 
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5.2.5 Process description for new condensing turbine setup 

From Figure 16 it is possible to see that the free blowing of steam will be 34.2 t/h during the summer 

period with current steam system setup.  By installing a condensing turbine with a LP-steam inlet, it would 

be possible to utilize this excess energy. In Figure 19 the implementation of a condensing turbine is shown 

with the rest of the steam system unchanged from the current situation. In order to keep a balanced output 

from the new turbine, 58,165 MWh of bark will be saved during the summer period and burned in the 

winter period when consumption is high.   

 

Figure 19, steam system setup with new condensing turbine installed. Jan – Mars. [t/h] / July – Sept. [t/h]. Source: Own-

produced in e!Sankey. 

Since the RB is producing more steam than the current turbine is able to handle, the excess flow will first 

be reduced down to BB level at HP 37.5 bar and later down to soot blowing pressure, MP and LP. The 

condensing turbine is attached to the LP-network as a consumer. With a flow of 16 t/h for both winter and 

summer the condensing turbine will give 1.9 MWe. The condenser will need a cooling water flow of 190 

t/h. This solution will give an opportunity to let the BB steam replace the RB steam for the MP-consumer 

side. From the fuel cost analysis of bark in Appendix 4.E, it is clear that it is a zero cost for buying and 

burning bark if the steam can be utilized from the HHP down to LLP in the condensing turbine. This will 

limit the low power hours in the BB when the generation of steam is minimized to avoid free blowing of 

steam over the rood. When the power can be maintained at a higher level the peak load burning of HFO 

can start at a higher power level and save HFO for flexibility measures. As of the price situation, bark is 

only half of the cost compared to the HFO.     

5.2.6 Detailed flow figures for condensing turbine setup 

In Table 11Table 11, specific figures for condensing turbine steam data. Source: Own-produced in 

Microsoft Office Excel the specific steam data for the new condensing turbine can be seen. The BB will 

adjust the power and steam outflow from the boiler to keep a steady inflow to the turbine between the 

different periods. This will demand a constant inflow of 190 tons per hour of cooling water to maintain the 

functioning of the condenser. During winter months the inflow of cooling water might be less, since the 

river temperature is lower during winter time.  
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Table 11, specific figures for condensing turbine steam data. Source: Own-produced in Microsoft Office Excel 

Condensing turbine 
figures 

 Flow [tons/h], 
Winter 

Flow [tons/h], 
Summer 

Pressure 
[bar g] 

Temp 
[°C] 

Specific enthalpy 
[MJ/ton] 

steam inlet  16.0 16.0 3.5 176 2806.1 
steam outlet 16.0 16.0 -0.8 60 2381,4 

Condenser flow figures         

Steam inlet  16.0 16.0 -0.8 60 2381,4 
Cooling water inlet 167 190 2 8/14 59.1 
Condensate outlet 16.0 16.0 -0.8 60 251,5 
Cooling water outlet 167 190 2 58 243,1 
 

Cooling water is calculated to reach temperature of 58 °C while entering the outlet of the condenser. This 

will create a secondary stream of hot water that can be used in other processes, such as office heating, 

airstream preheating or bark drying.  

5.2.7 Profitability analysis for investment in new condensing turbine  

When the condensing turbine is attached to the LP-network it will be able to produce 1.9 MWe when 

saving 58,165 MWh of bark during the summer period. The electricity price of 39.4 EUR/MWh would 

give a yearly income of 0.6 MEUR, and the annual incremental cash flow of 0.4 MEUR. The investment 

is calculated with a five year depreciation horizon. With these economic conditions the NPV, IRR and 

payback time is calculated and presented in Table 12. Maintenance cost was calculated from the current 

turbine yearly cost figures. The running cost for the new cooling water pump was calculated from the 

pump curve diagram presented in Appendix 4.D. 

Table 12, investment profitability for condensing turbine Source: Own-produced in Microsoft Office Excel 

Profitability figures for condensing turbine 

New machine cost 0.8 [MEUR] 
Incremental cash flow 0.4 [MEUR] 
NPV 0.5 [MEUR] 
IRR 31 [%] 
Payback time 2.4 [Years] 

  

The NPV of 0.5 MEUR and IRR value of 31 % shows that this investment would be profitable with the 

future production conditions. The investment would give a payback time of 2.4 years, which can be 

considered as short with the current low electricity price. All calculations for the incremental cash flow is 

presented in Appendix 4.C. 
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5.2.8 Sensitivity analysis for investment in new condensing turbine 

To analyze the sensitivity of the investment in a condensing turbine a Toronto diagram is presented in 

Figure 20. The variables electricity price, investment and maintenance cost is calculated with change of 

±10% and their impact to the NPV.  

 

Figure 20, sensitivity analysis for investment in a new condensing turbine. Variables as electricity price, investment cost 

and maintenance costs are presented with a +10% and -10% change and their impact to the NPV. Source: Own-produced 

in Microsoft Office Excel. 

From Figure 20 it is possible to see that NPV is well above its breakeven level. Changes in the electricity 

price will give the biggest impact on the profitability of the investment. When the electricity price falls 

down to 35.5 EUR/MWh the NPV will also fall to the least profitable case in Table 12 at 348,981 EUR. 

The break even for the investment cost is derived to 1.5 MEUR. 
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5.2.9 Results for new bark dryer with future production increase 

From the presented steam consumption data in Appendix 2A and 2B for the future production scenario, it 

is possible to see that the requested power from the bark boiler will be 22 tons per hour during the winter 

scenario January – Mars. During the summer period July – September the RB will be able to support all 

steam consumption. In order to keep the flexibility in steam production variations the minimum load of 5 

MW was set to the BB. The quarterly derived scenarios for steam consumption had to be widened in order 

to utilize a full year of bark, fines and sawdust residues. The BB power for the whole year is presented in 

Table 13. 

Table 13, bark boiler power for the future scenario with a new bark dryer. Source: Own-produced in Microsoft Office 

Excel. 

Power figures for bark boiler     

Bark boiler power during October - Mars  17 [MW] 
Bark boiler power during April - September 5 [MW] 

 

From the derived flow figures for the wood yard presented in Table 2 the future energy content in the 

dried bark could be calculated. The early production and consumption along with the possible amount of 

bark that is possible to sell can be seen in Table 14. Since the sawdust and fines figures in Table 8 is not 

used in the BB it will be added to the MWh that is possible to sell, however to a lower price. From 

previous investigation the fines and sawdust price will be 63.8 % of the bark price (H. Cremer, 2015). 

Table 14, early amount of energy available after the bark has been dried to a moisture content of 40%. Source: Own-

produced in Microsoft Office Excel.   

Consumption and accumulation of bark      

Early energy output from bark dryer 229,222 [MWh] 

Fuel consumption of bark in October-Mars 92,778 [MWh] 

Fuel consumption in of bark April-September 28,299 [MWh] 

Early accumulation of bark possible to sell 108,144 [MWh] 
 

5.2.10 Profitability analysis for investment in a new bark dryer 

The new bark dryer will give opportunities in four different areas where the saving potential will be good. 

The new bark dryer will also give running costs of e.g. electricity, which can be seen in the top row in 

Table 15. Underlying assumptions and calculations in Table 15 can be seen in Appendix 4.A.  

Table 15, savings potential and cost figures for installation of new bark dryer. Source: Own-produced in Microsoft Office 

Excel. 

Running costs for a new bark dryer 
  Running costs of a new bark dryer -145,009 [EUR] 

Savings from a new bark dryer     

Reduction of oil burning 59,471 [EUR] 
Less CO2 3,826 [EUR] 
Reduction of ash disposal 9,101 [EUR] 
Less feedwater production 188,564 [EUR] 

Total savings from investment 260,962 [EUR] 
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Since the wood yard and control room employees will be able to handle the bark dryer operations no extra 

cost for personnel is added to the running cost. The net savings in Table 15 is added to the income cash 

flow for the incremental calculations. From Table 15 and Table 8 it is possible to see the amount of MWh 

from Bark, sawdust and fines that Mondi Dynäs will be able to sell. With a bark price of 10.721 

EUR/MWh and Sawdust and fines price of 6.840 EUR/MWh the total income is presented in Table 16.   

Table 16, annual profit from bark, sawdust and fines sales. Source: Own-produced in Microsoft Office Excel.  

Profit from bark, sawdust and fines      

Profit from bark sales 1.2 [MEUR] 
Profit from sawdust and fines sales 0.3 [MEUR] 

 

From Värmeforsk study “Torkning av biobränsle med spillvärme”, Johansson et.al 2004 the total 

investment cost for a bio mass dryer installed in a paper mill summed up to 60Mkr. Mondi Dynäs is 

reporting rough pre-study figures for a total investment cost of 80 Mkr. After careful investigation it is 

assumed that 7 MEUR is close to the reality for installation of a bed dryer. With straight line depreciation 

over a five year period, and the incremental cash flow presented in Table 17 it is possible to derive a NPV 

of -799,017 EUR. The IRR value is derived to 4.8 % with a payback time of 4.35 years.   

Table 17, investment profitability for installation of a new bark dryer. Source: Own-produced in Microsoft Office Excel. 

Investment cost for bark dryer 7.0 [MEUR] 
Incremental cash flow 1.5 [MEUR] 
NPV -1.2 [MEUR] 
IRR 4.8 [%] 
Payback time 4.4 [Years] 

5.2.11 Sensitivity analysis for investment in a new bark dyer 

From the derived results in section 5.2.10 a sensitivity analysis could be performed. Using the developed 

tornado diagram seen in Figure 21, it is possible to conclude that the investment cost will generate 

tremendous impact on the investment.  

 

Figure 21, sensitivity analysis for the investment case of a new bark dryer. From the base case presented in section 5.2.10, 

the y-parameters is changed ±10%. Source: Own-produced in Microsoft Office Excel. 
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6. Discussion 
In this chapter the projects results and the process for achieving the main goals are discussed.  

6.1 Mapping of current production and modeling of future situation 

The gathered PI-data have been used for analysis and decision making in this thesis. Hence, the data has 

been regarded as credible. However, one of the most important questions offset the thesis main objective 

during the thesis project has been “Can this value be trusted?”. By discussions in the project group and 

comparison with historical along with process fluctuations the reliability could be determined. However, 

the long line between sensor output and retrieved PI-value can still trick the most well-experienced 

engineer. Since Mondi Dynäs is currently using a couple of hundred sensors in their piping system it is 

always a question whether the cost is justifiable for correcting the sensor and most often it turns out that 

the guarantee or inspection right will prioritize other parameters. It is however hard to put an economic 

value of the possibility to develop a good analysis for investment decisions. The same applies to the 

measuring points in the steam system since there were no portable steam measuring system, a lot of the 

parameters had to be calculated or estimated. However, it was possible to find a number of problem areas 

and improvement proposals based on the collected data presented in the current figures for sub chapters 

5.1.1 and 5.1.2.  

Since Mondi Dynäs implemented quite drastic changes to the pulp and paper production between the two 

measuring periods January – Mars and July – September 2015, it is hard to say how much this will affect 

the future model. By developing and analyzing the steam and condensate balance more often, it could be 

possible to save quite a lot of money in the make-up treatment facility as well as producing more 

electricity.  

6.2 Design of future energy recovery measures 

Since the future model of the steam consumption is based on the previous behavior of the production 

system, it is possible that the new equipment will behave differently. To increase the production Mondi 

Dynäs will have to rebuild or replace the existing digester plant which will probably be much more energy 

efficient than the old one. This will most likely decrease the specific steam consumption for the digesting 

plant in the future. This approach is valid for other apartments too, since the fixed consumption could not 

be determined for all steam consumers.   

Mondi Dynäs approach for installing a new bark dryer started with the assumption that the residual energy 

streams would come from the RB scrubber. Although the latent and sensible energy in the flue gases is of 

a large amount, the temperature at 70°C is quite low. But transferring this energy to the outside air will 

occupy a large surface as well as a large capacity of air fans. For the current situation the technology that 

is most suitable for drying with this type of energy flow is a belt dryer. These two parameters will increase 

the cost for the drying equipment as well as the running cost. The dried biomass out of the bark dryer is 

also low in Mondi Dynäs scenario compared with other installations. However, there are different 

technologies e.g. gas dryer which will utilize the flue gas energy directly by either transferring the energy 

in a heat exchanger or using it to dry the biomass with the flue gas. This will enable a higher temperature 

and more sources of residual energy. Mondi Dynäs could utilize the flue gas energy from both the BB, 

lime kiln and NCG-boiler. This investigation is however outside the scope of this thesis.  
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7. Conclusion 
It’s been possible to establish a steam and condensate balance for one winter period January – Mars 2015, 

and one summer period July – September 2015. This survey has been able to discern a clear difference in 

the generation and consumption of steam between the different periods. During the winter period a free 

blowing of steam could be determined to 8.5 tons per hour and for the summer period 12.7 tons per hour. 

PM6 managed to change its consumption of middle pressure steam from 40.3 tons per hour during the 

winter period to 26.4 ton per hour for the summer period. Mondi Dynäs produced a total amount of 66,316 

tons of paper for the winter period and 65,413 tons of paper for the summer period. 

Based on the two energy balances developed for the current production in 2015, a future production model 

could be developed where Mondi Dynäs reach an annual production of 300,000 tons of paper, or 95,000 

tons per quarter. For the winter period the excess blowing of steam would increase to 11.7 tons per hour 

and for the summer period 34.2 tons per hour of low pressure steam. The steam production will increase 

for the recovery boiler to 201 tons of steam per hour with a daily average consumption of dry black liquor 

of 1,339 tons. The increase in production of paper will provide an abundance of energy in the form of 

bark, sawdust and fines. It is recognized that this is the main reason for the increase in the excess blowing 

of steam. The total amount of energy that is classified as excess is 150,138 MWh from bark, sawdust and 

fines.   

To utilize the excess energy a new backpressure turbine was implemented along with a future investment 

in a new bark boiler. This would give a possibility to produce 7.6 MWe and heavily decrease the free 

blowing of excess steam. A total investment cost of 3.4 MEUR and the electricity price of 39.4 

EUR/MWh gave a Net Present Value of 2.3 MEUR and a payback time of 2.3 years. With a positive NPV 

and the determined Internal Rate of Return value of 33 % indicates that this investment would be 

profitable for Mondi Dynäs with these conditions.    

A second scenario was developed for the future production with an implementation of a condensing 

turbine without any upgrade of the bark boiler. The condensing turbine could give the electric power of 

1.9 MW and the investment cost could be determined to 0.8 MEUR. The NPV could be determined to 0.5 

MEUR with the IRR of 31 %. This is also a profitable investment for Mondi Dynäs, and the total 

investment cost is lover compared to the backpressure turbine scenario.   

Another scenario for Moni Dynäs would be to install a bark dryer and sell the excess energy to an external 

actor. With a dry content of 60 % for the bark, and 50 % for the sawdust and fines, the investment in a 

new belt dryer would give a NPV of -1.2 MEUR. It would give a payback time of 4.6 years and an IRR 

value of 5.4 %. This would not be a profitable investment for Mondi Dynäs since the NPV is negative, and 

the IRR value is below the CAPM value of 9.3 %. However, it would limit the free blowing of excess 

steam.  

The recommendation for Mondi Dynäs is to install a condensing turbine according to the scenario 

described in sub chapter 5.2.5 This scenario will be possible for a future investment despite if the bark 

boiler is upgraded or not. It will also divide the investment into two separate occasions, since the 

backpressure turbine can be added afterwards. Mondi Dynäs will have a great opportunity to decrease 

their energy dependence in the future while using less heavy fuel oil and increasing their electricity 

production. 
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For future studies the recommendation for Mondi Dynäs is to continue the investigation for other residual 

sources that could be used in combination with other dryer technologies. The investment in a new bark 

dryer might be profitable if the moisture content could get lower after the drying of the bark. A separate 

study should also be done for the extraction of lignin technology and if this could be implemented at 

Mondi Dynäs. Deeper studies should be performed of the implication of installing a condensing turbine 

with the current production rate and system setup.  
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9. Appendix  
This chapter will present the obtained and calculated data that’s been used during this project. 

 Appendix 1.A 

January – Mars, producers HHP-Line Tag Name 
Average 
[ton/h] 

Steam 
Type 

𝒒,  
[𝑮𝑱/𝒕𝒐𝒏] 

𝑸,̇  
[𝐌𝐖] 

HHP - Total steam produced in RB D1-26-FITOT.BER:VAL 172,3 HHP 3,38 161,7 

Producers High Pressure Line           

Total steam produced in BB D1-06-FI101.BER:VAL 27,4 HP 2,94 22,4 

Calculated Bypass Turbine, HHP-Steam. Diff 2,3 HHP 3,38 9,0 

Consumers High Pressure Line           

RB-Soot blowing landside and seaside 
(FI304+FI305)  Calculated (summation) 14,2 HP 2,94 11,6 

HP-Steam to Acc. PC142 PC142, Function 16,4 HP 2,94 13,4 

Steam to Bypass, PC111 PC111, Function 4,1 HP 2,94 3,3 

Steam system leakage, HP D1-06-FI184.BER:VAL 4,0 HP 2,94 3,3 

Producers to middle pressure line           

MP-Steam from turbine D1-06-FI150.BER:VAL 70,4 MP1 2,96 58,0 

Total steam produced in NCG-B D1-06-FI240.GIV:VAL 2,6 MP1 2,96 2,2 
PC122, Steam from MP-Valve (Ack.) to MP-
network PC122, CorrFunction 2,8 MP1 2,96 2,3 

Consumers Middle Pressure line           

Total MP to PM6 Calculated (summation) 40,3 MP1 2,96 33,1 

MP- Digester plant  D1-28-FC277:VAL 36,1 MP1 2,96 29,7 

MP - Causticizing plant  D1-02-FI108.GIV:VAL 1,0 MP1 2,96 0,8 

MP-Recovery boiler, liquor heating  D1-06-FI140.GIV:VAL 2,2 MP1 2,96 1,8 

6bar network for liquor heating D1-26-FI230.GIV:VAL 0,5 
 

2,96 0,4 

MP-Steam for PM5 Clupac D1-21-FI101.GIV:VAL 0,9 MP1 2,96 0,7 

MP - Blow out of Excess steam D1-06-FI149.GIV:VAL 0,3 MP1 2,96 0,2 

MP-steam to Starch preheating  Calculated 1,1 MP1 2,96 0,9 

MP- Rezin boiling plant D1-16-FI135.GIV:VAL 0,4 MP1 2,96 0,4 

Producers to low pressure line           

LP-Steam from turbine Diff 92,2 LP 2,81 71,9 

PC123, Steam from MP-net to LP-Network PC123, Function 4,5 MP1 2,96 3,7 

Steam from 06-CI002 Calculated 1,1 LP 2,8 0,9 

Steam from Accumulator  PC141, CorrFunction 
 

LP 2,8 
 Consumption low pressure line           

LP, PM6 D1-20-FI005.GIV:VAL 19,5 LP 2,8 15,2 

Total LP-steam to PM5 
D1-21-FI102.GIV:VAL + 
D1-21-FI290.GIV:VAL 28,3 LP 2,8 22,1 

LP-Steam to stripper D1-09-FC341:VAL 5,9 LP 2,8 4,6 
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LP-steam to evaporation plant, Effect 1 D1-09-FI100.BER:VAL 41,2 LP 2,8 32,1 

MP-steam to Starch preheating  Calculated 0,4 LP 2,8 0,3 

LP-Blow out of excess steam, D1-06-FI129.BER:VAL 8,5 LP 2,8 6,6 
LP-Deaerator steam to de-aerating feed tank 
RB  D1-06-FI137.BER:VAL 1,2 LP 2,8 1,0 

LP-steam to feed tank(BB&GB) D1-12-FI104.GIV:VAL 0,0 LP 2,8 0,0 

Office heating DCS-chart 0,6 LP 2,8 0,5 

Unaccounted Diff 1,4 LP 2,8 1,1 

Condensate, make-up water flow, January - Mars 2015 Tag name 
Average 
[Ton/h] 

Makeup water from demineralization plant to 26-CI017 
(MEASURING ERROR!)  D1-26-FI437.GIV:VAL 65,8 

Raw and hot water 40°C to demineralization plant D1-26-FI391.IND:VAL 109,2 

Condensate from 26-Ci015 to 26-Ci017, RB D1-26-FI465.GIV:VAL 98,8 

Condensate from 26-Ci015 to 06-Ci010 (BB) D1-12-FI103.GIV:VAL 40,7 

Condensate from 06-Ci011 to 26-Ci015 (RB) D1-26-FI461.GIV:VAL 140,4 

Feedwater from 26-Ci017 to RB D1-26-FI224.GIVA:VAL 167,0 

Feedwater from tank 26-Ci010 to BB D1-06-FC148:VAL 28,0 

Makeup water from demineralization plant  to 26-Ci017 D1-26-FI466.GIV:VAL 64,2 

From feedwater pump BB to NCG-B D1-06-FI283.GIV:VAL 0,2 

Steam injection water from feedwater pump BB D1-06-FI144.GIV:VAL 3,5 

Condensate from Effect 1, VX021 to collection vessel Ci038 D1-09-FI266.GIV:VAL 38,3 

Condensate from stripper 06-Ci023 D1-09-FI119.GIV:VAL 12,9 

Condensate from PM5 D1-21-FI245.GIV:VAL 23,7 

Condensate from PM6  D1-20-FI114.GIV:VAL 39,2 

BDC to expansion vessel RB D1-28-FI282.FLÖDE:VAL 2,1 

BDC to expansion vessel BB D1-26-FI251.GIV:VAL 0,8 

Demineralization plant to 06-CI010 Calculated 3,9 

Aquatrol PM5 Measured July-Sept. 1,2 

Condensate from digester plant D1-06-FC341:VAL 28,7 
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Appendix 1.B 

July – September 2015, producers to HHP-Line Tag Name 
Average 
[𝒕𝒐𝒏/𝒉] 

Steam 
Type 

𝒒,  
[𝑮𝑱/𝒕𝒐𝒏] 

𝑸,̇  
[𝐌𝐖] 

HHP - Total steam produced in RB D1-26-FITOT.BER:VAL 174,8 HHP 3,38 164,1 

Producers to High Pressure Line           

Total steam produced in BB D1-06-FI101.BER:VAL 15,7 HP 2,94 12,8 

Turbine bypass, calculated Diff 9,3 HHP 3,38 8,8 

Consumers High Pressure Line       
 

  

RB-Soot blowing landside and seaside 
(FI304+FI305)  Calculated (summation) 13,8 HP 2,94 11,3 

HP-Steam to Acc. PC142 PC142, Function 2,5 HP 2,94 2,0 

Steam to Bypass, PC111 
 

4,1 HP 2,94 3,9 

Steam system leakage, HP Diff 4,0 HP 2,94 3,3 

Producers to middle pressure line           

MP-Steam from turbine D1-06-FI150.BER:VAL 49,8 MP1 2,96 41,0 

Total steam produced in NCG-B D1-06-FI240.GIV:VAL 2,7 MP1 2,96 2,2 
PC122, Steam from MP-Valve (Ack.) to MP-
network PC122, CorrFunction 2,3 MP1 2,96 1,9 

Consumers Middle Pressure line           

Total 11-bar to PM6 Calculated (summation) 26,4 MP1 2,96 21,7 

MP- Digester plant  D1-28-FC277:VAL 28,6 MP1 2,96 23,5 

MP - Causticizing plant  D1-02-FI108.GIV:VAL 1,0 MP1 2,96 0,8 

MP - Recovery boiler, liquor heating D1-06-FI140.GIV:VAL 2,2 MP1 2,96 1,8 

6bar network for liquor heating D1-26-FI230.GIV:VAL 0,4 MP1 2,96 0,4 

MP-Steam for PM5 Clupac D1-21-FI101.GIV:VAL 0,7 MP1 2,96 0,6 

MP - Blow out of Excess steam D1-06-FI149.GIV:VAL 0,4 MP1 2,96 0,3 

MP-steam to Starch preheating  Calculated 1,1 MP1 2,96 0,9 

MP-Rezin boiling plant  D1-16-FI135.GIV:VAL 0,3 MP1 2,96 0,3 

Producers to low pressure line           

LP-Steam from turbine Diff 115,7 LP 2,81 90,2 

PC123, Steam from MP-net to LP-Network PC123, Function 1,1 LP 2,81 0,9 

Steam from 06-CI002 Calculated 1,8 LP 2,81 1,4 

Steam from Accumulator  PC141, CorrFunction 0,2 LP 2,81 0,1 

Consumption low pressure line           

LP, PM6 D1-20-FI005.GIV:VAL 27,1 LP 2,81 21,1 

Total LP-steam to PM5  
D1-21-FI102.GIV:VAL + 
D1-21-FI290.GIV:VAL 28,0 LP 2,81 21,8 

LP-Steam to stripper D1-09-FC341:VAL 7,3 LP 2,81 5,7 

LP-steam to evaporation plant, Effect 1 D1-09-FI100.BER:VAL 36,5 LP 2,81 28,5 

Debarking plant for heating D1-01-FI180_GIV:VAL 0,0 LP 2,81 0,0 

LP-Blow out of excess steam D1-06-FI129.BER:VAL 12,7 LP 2,81 9,9 
LP-Deaerator steam to de-aerating feed tank 
RB D1-06-FI137.BER:VAL 2,9 LP 2,81 2,3 
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LP-steam to de-aerating feed tank (BB&GB) D1-12-FI104.GIV:VAL 0,1 LP 2,81 0,1 

Office heating Calculated 0,4 LP 2,81 0,3 

Unaccounted Diff 3,7 LP 2,81 2,9 
 

Condensate, make-up water flow, July - September 2015 Tag name 
Average 
[𝑻𝒐𝒏/𝒉] 

Makeup water from demineralization plant to 26-CI017 (MEASURING 
ERROR!)  D1-26-FI437.GIV:VAL 71,9 

Raw and hot water 40°C to demineralization plant D1-26-FI391.IND:VAL 115,8 

Condensate from 26-Ci015 to 26-Ci017, RB D1-26-FI465.GIV:VAL 97,3 

Condensate from 26-Ci015 to 06-Ci010 (BB) D1-12-FI103.GIV:VAL 30,7 

Condensate from 06-Ci011 to 26-Ci015 (RB) D1-26-FI461.GIV:VAL 134,7 

Feedwater from 26-Ci017 to RB D1-26-FI224.GIVA:VAL 175,1 

Feedwater from tank 26-Ci010 to BB D1-06-FC148:VAL 17,0 

Makeup water from demineralization plant  to 26-Ci017 D1-26-FI466.GIV:VAL 72,3 

From feedwater pump BB to NCG-B D1-06-FI283.GIV:VAL 0,4 

Steam injection water from feedwater pump BB D1-06-FI144.GIV:VAL 6,2 

Condensate from Effect 1, VX021 to collection vessel Ci038 D1-09-FI266.GIV:VAL 36,3 

Condensate from stripper 06-Ci023 D1-09-FI119.GIV:VAL 7,9 

Condensate from PM5 D1-21-FI245.GIV:VAL 21,5 

Condensate from PM6 D1-20-FI114.GIV:VAL 34,1 

BDC to expansion vessel RB D1-28-FI282.FLÖDE:VAL 2,9 

BDC to expansion vessel BB D1-26-FI251.GIV:VAL 0,7 

Demineralization plant o 06-CI010 Calculated 3,9 

Aquatrol PM5 Measured 1,2 

Condensate from digester plant D1-06-FC341:VAL 28,6 
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Appendix 2.A 

Figures for January - Mars balance Steam 
Type 

Steam  Heat  Heat Power Condensate return 

Department [ton/h] [GJ/h] [GJ/ptp] [MW] [%] [t/h] 

High Pressure Steam line Leakage HHP 4,0 13,5   3,8 0% 0,0 

Soot blowing HP 14,2 41,4   11,6 0% 0,0 

Digesters MP1 31,1 92,2   25,6 79,5% 24,7 

Recovery boiler MP1 2,6 7,7 
 

2,1 0,0% 0,0 

Recausticizing and lime kiln MP1 1,1 3,3   0,9 0,0% 0,0 

Rezin Boiling MP1 0,3 1,0 
 

0,3 0,0% 0,0 

PM6 MP1 29,5 87,6   24,3 63,90% 18,9 

PM5 MP1 0,8 2,4 
 

0,7 77,7% 0,6 

Starch preheating MP1 1,1 3,4   0,9 0,0% 0,0 

Excess steam free blown MP1 0,2 0,6 
 

0,2 0,0% 0,0 

Sum MP1   66,9 198,1   55,0   44,3 

De-aerator steam LP 3,4 1,2 
 

2,7 0,0% 0,0 

Evaporation LP 48,9 137,3   38,2 99,80% 48,8 

PM6 LP 29,0 102,8 
 

22,6 81% 23,5 

PM5 LP 36,6 1,7   28,5 77,70% 28,4 

Office LP 0,6 0,2 
 

0,5 100% 0,6 

Stripper LP 15,2 5,4   11,9 100% 15,2 

Unaccounted steam LP 4,4 1,6 
 

3,4 0,0% 0,0 

Excess steam free blown LP 0,0 0,0   0,0 0,0% 0,0 

Sum LP   138,2 250,2   107,7   116,6 

Total sum   223,2     178,1   160,8 
 

With new BB and new backpressure turbine 
 Total MP1 and LP 

 
205 t/h 

HHP Steam to Current turbine 
 

193 t/h 
HHP Steam to new turbine 

 
45 t/h 

Total steam usage incl. Sootbl., leakage 
 

223 t/h 
Total Steam production  

 
238 t/h 

Total unused Steam, HHP 
 

15 t/h 
Diff. Cons. And Production MP/LP 

 
12 t/h 

    
 

With Bark Dryer 
  Production RB 
 

201 t/h 

Necessary production with BB 
 

22 t/h 

Production with BB 
 

22 t/h 

Total production 
 

223 t/h 

Total MP1, LP and Sootbl. 
 

219 t/h 
 

With condenser and old BB 
  Total steam production 
 

240 t/h 
HHP Steam from RB 

 
201 t/h 

HP Steam from BB 
 

38 t/h 
HHP Steam to Old turbine 

 
193 t/h 

Total MP1 and LP 
 

205 t/h 
Total steam usage incl. Sootbl, leakage 

 
223 t/h 

Steam to condenser 
 

16 t/h 
LP-from current turbine 

 
-12 t/h 
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Appendix 2.B 

Figures for July - September balance Steam 
Type 

Steam  Heat  Heat Power Condensate return 

Department [ton/h] [GJ/h] [GJ/ptp] [MW] [%] [t/h] 

High Pressure steam line leakage HHP 4,0 13,5   3,8 0% 0,0 

Soot blowing HP 13,8 40,3   11,3 0% 0,0 

Digesters MP1 23,2 68,8   19,1 98,3% 22,8 

Recovery boiler MP1 2,6 7,7 
 

2,1 0,0% 0,0 

Recausticizing and lime kiln MP1 1,1 3,3   0,9 0,0% 0,0 

Rezin Boiling MP1 0,4 1,1 
 

0,3 0,0% 0,0 

PM6 MP1 29,5 87,6   24,3 63,9% 18,9 

PM5 MP1 0,8 2,4 
 

0,7 74,9% 0,6 

Starch preheating MP1 1,1 3,4   0,9 0,0% 0,0 

Excess steam free blown MP1 0,2 0,6 
 

0,2 0,0% 0,0 

Sum MP1   59,0 174,8   48,6   42,3 

De-Aerator steam LP 3,4 1,2 
 

2,7 0,0% 0,0 

Evaporation LP 39,2 110,1   30,6 99,5% 39,0 

PM6 LP 29,0 81,34 
 

22,6 81% 23,5 

PM5 LP 36,6 102,8   28,5 74,9% 27,4 

Office LP 0,4 1,1 
 

0,3 100,0% 0,4 

Stripper LP 8,7 24,6   6,8 100,0% 8,7 

Unaccounted steam LP 6,5 18,2 
 

5,1 0,0% 0,00 

Excess steam free blown LP 0,0 0,0   0,0 0,0% 0,00 

Sum LP   123,8     96,6   99,1 

Total sum   200,6     160,1   141,4 
 

With new BB and new backpressure turbine 
 Total MP1 and LP 

 
183 t/h 

HHP Steam to Current turbine 
 

183 t/h 
HHP Steam to new turbine 

 
39 t/h 

Total steam usage incl. Sootbl., leakage 
 

201 t/h 
Total Steam production  

 
222 t/h 

Total unused Steam, HHP 
 

21 t/h 
Diff. Cons. And Production MP/LP 

 
0 t/h 

 

With Bark Dryer 
  Production RB 
 

201 t/h 

Necessary production with BB 
 

-1 t/h 

Production with BB 
 

7 t/h 

Total production 
 

208 t/h 

Total MP1, LP and Sootbl. 
 

201 t/h 
 

With condenser and old BB 
  Total steam production 
 

217 t/h 
HHP Steam from RB 

 
201 t/h 

HP Steam from BB 
 

16 t/h 
HHP Steam to Old turbine 

 
193 t/h 

Total MP1 and LP 
 

183 t/h 
Total steam usage incl. Sootbl, leakage 

 
201 t/h 

Steam to condenser 
 

16 t/h 
LP-from current turbine 

 
10 t/h 
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Appendix 3.A 
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Appendix 3.B 
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Appendix 3.C 
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Appendix 4.A 

Running costs new bark dryer     

Electricity price  39,4 [EUR/MWh] 

Operating hours 8500   

Effect of air intake fan  75 [kW] 

Actual effect output during normal operation  37,5 [kW] 

Number of fans 6   

Running cost 75 351 [EUR/a] 

Effect of chain conveyor belt 7,5 [kW] 

Number of chain conveyer belts 2   

Running cost 5 023 [EUR/a] 

Effect of conveyor belt  15 [kW] 

Number of conveyer belts 1   

Running cost  5 023 [EUR/a] 

Effect of dosing screw  7,5 [kW] 

Number of screws 1   

Running cost 2 512 [EUR/a] 

Effect of belt with scale 4 [kW] 

Number of belts with scales 3   

Running cost  4 019 [EUR/a] 

Effect of elevator  7,5 [kW] 

Number of elevators 1   

Running cost  2 512 [EUR/a] 

Effect of bed screw 7,5 [kW] 

Number of bed screws 1   

Running cost   2 512 [EUR/a] 

Effect of exhaust fan 22 [kW] 

Number of exhaust fans 4   

Running cost   29 471 [EUR/a] 

Effect of circulation pump for the glycol 22 [kW] 

Number of circulation pumps 1   

Running cost  7 368 [EUR/a] 

Effect of collecting scre 7,5 [kW] 

Number of collecting screws 1   

Running cost   2 512 [EUR/a] 

Effect of scraper conveyor 5,5 [kW] 

Number of scraper conveyors 1   

Running cost  1 842 [EUR/a] 

Effect of screw to remove dry bark 5,5 [kW] 

Number of screws 1   

Running cost  1 842 [EUR/a] 

Effect of bark pile screw  7,5 [kW] 
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Number of bark pile screws 2   

Running cost  5 023 [EUR/a] 

Effect of tubulator 11 [kW] 

Number of tubulators 0   

Running cost   0 [EUR/a] 

Total running costs -145 009 [EUR/a] 
 

Less CO2       

Accumulated savings from oilburning 195 [t] 

CO2 emission factor for heavy fuel oil  0,078 [t CO2/GJ HFO] 

Calorific value for HFO   41,93  [GJ/t] 

Emissions  
 

3,27 [t CO2/t HFO] 

Reduction in CO2 emissions  638 [t/a] 

CO2 emission certificated price  6 [EUR/t CO2] 

Economic benefit from CO2 reduction  3826 [EUR/a] 

Total saving  
 

3826 [EUR/a] 

    

   

 

Reduction of ash disposal   Based on 2013 data 

Cost of disposal of the ash  91009 [EUR/a] 

Estimated decrease in ash removal 0,1  [%] 

Saving    9101 [EUR/a] 

    Less 
feedwaterproduction   Based on 2013 data 

Steam vented over roof 2013  93805 [t/a] 

Estimated reduced amount of steam over roof  70354 [t/a] 

Cost of feedwater (heat+chemicals)  2,68 [EUR/t] 

Estimated savings  
 

188564 [EUR/a] 
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Appendix 4.B 

 

Appendix 4.C 

Backpressure turbine [EUR] Year 0 Year 1  Year 2 Year 3 Year 4 Year 5 

Income from electricity sales   2 530 253 2 530 253 2 530 253 2 530 253 2 530 253 

Maintanace and running cost 
 

-37 685 -37 685 -37 685 -37 685 -37 685 
 A-T savings = Cost savings × (1 — 

Tax rate)    1 694 946 1 694 946 1 694 946 1 694 946 1 694 946 

∆ Depreciation  
 

-679 660 -679 660 -679 660 -679 660 -679 660 
Depr'n tax savings = ∆ Depreciation 
× Tax rate    -217 491 -217 491 -217 491 -217 491 -217 491 
Incremental CFs = A-T cost savings + 
Depr'n  

 
1 477 455 1 477 455 1 477 455 1 477 455 1 477 455 

Δ NOWC 0         0 

CapEx/AT Salvage Value -3 398 302         0 

Total project Cash flow -3 398 302 1 477 455 1 477 455 1 477 455 1 477 455 1 477 455 

Depreciation: ∆ 679 660 679 660 679 660 679 660 679 660 
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Condensing turbine, [EUR] Year 0 Year 1  Year 2 Year 3 Year 4 Year 5 

Income from electricity sales   
1 036 

398 1 036 398 1 036 398 1 036 398 1 036 398 

Total additional cash flow 
 

-40 545 -40 545 -40 545 -40 545 -40 545 
 A-T Income = Income × (1 — Tax 

rate)    677 180 677 180 677 180 677 180 677 180 

∆ Depreciation  
 

278 519 278 519 278 519 278 519 278 519 
Depr'n tax savings = ∆ Depreciation 
× Tax rate    89 126 89 126 89 126 89 126 89 126 
Incremental CFs = A-T cost savings + 
Depr'n  

 
766 306 766 306 766 306 766 306 766 306 

Δ NOWC 0         0 

CapEx/AT Salvage Value -1 392 593         0 

Total project Cash flow -1 392 593 766 306 766 306 766 306 766 306 766 306 

Depreciation: ∆ 278 519 278 519 278 519 278 519 278 519 
 

Bark dryer [EUR] Year 0 Year 1  Year 2 Year 3 Year 4 Year 5 

Cost savings   1 705 735 1 705 735 1 705 735 1 705 735 1 705 735 

Running cost of a new bark dryer 
 

-145 009 -145 009 -145 009 -145 009 -145 009 
 A-T savings = Cost savings × (1 — 

Tax rate)    1 061 293 1 061 293 1 061 293 1 061 293 1 061 293 

∆ Depreciation  
 

-1 400 000 -1 400 000 -1 400 000 -1 400 000 -1 400 000 
Depr'n tax savings = ∆ Depreciation 
× Tax rate    -448 000 -448 000 -448 000 -448 000 -448 000 
Incremental CFs = A-T cost savings + 
Depr'n  

 
1 509 293 1 509 293 1 509 293 1 509 293 1 509 293 

Δ NOWC 0         0 

CapEx/AT Salvage Value -7 000 000         0 

Total project Cash flow -7 000 000 1 509 293 1 509 293 1 509 293 1 509 293 1 509 293 

Depreciation: ∆ -1 400 000 -1 400 000 -1 400 000 -1 400 000 -1 400 000 
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Appendix 4.D 
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Appendix 4.E 

FUEL COST BARK     

Steam Generation per hour [Kg] 1000 

Specific enthalpy of steam [kJ/Kg] 3378,8 

Specific enthalpy of water [kJ/Kg] 510,1 

Heat output [kJ] 3 378 760 

Efficiency [%] 0,85 

Heat input [kJ] 3 975 012 

Net Calorofic Value, NCV [kJ/kg] 6190 

Fuel consumption [ton] 0,6 

Energy value for fuel [MWh/ton] 1,4 

Fuel Price [EUR/ton] 15,4 

Income from electricity sale [EUR/ton] 10,6 

P/L [EUR] 0,70 
 

 


